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PREFACE 

SoKE thirty years ago, a pupil of the strietest sOOool of natural 
selection, and enthusiastic in my belief in its principles, I set 
out upon a course of independent observation of nature. Ten 
years of such work convinced me that a simpler explanation of 
pbenomena was always to be found, and one that seemed more 
in accordance with the facts; and I endeavoured-with what 
success this book will show-to free myself from the trammels of 
the natural selection theory, and to work as if I had found myself 
in another planet where scientific investigation was just begin
ning. Stationed in one of the best centres in the tropics (where 
the phenomena of distribution are more impressive than in 
Europe), badly handicapped in laboratory work by a serious 
accident, and finding my chief pleasure in travelling about the 
world to see its vegetation-I took up the study of distribution, 
in which I had always taken muOO interest. 

Here, as elsewhere, it was soon evident that the current 
theories provided an explanation that was not only unnecessarily 
complex, but one that did not explain. As one of my critics 
words it, "for some reason the plant has advantages which 
enable it to spread"; and beyond that point we cannot go. 
Gradually it beeame clear to me that plants spread very aIowly, 
but at an average rate determined by the various causes acting 
upcll them, so that age forms a measure of dispersal when one 
is dealing with allied and similar forms • 

..tge- lI>fom ~ t1{SJIl"I'lIU' i:r ~'~a1>m 
_tnral selection, and that it is probably valid is shown by the 
way in whiOO it can be used for prediction. An opponent re
marks that .. it is too simple to be true," but this very simplicity 
seems to me a strong reason in favour of itS adoptioll, ... any 
rate as a preiiminary hypothesis. Of two explanationl take the 
simpler, is an old rule, and as Hooker has said, "no speculation 

'is idle or fruitless, that is nut opposed to truth or to probability, 
and .... ldeh, .... hile it coordinates a body of well-establis~aets. 
does so without ~ to II&ture. and ""4h a dye ~ to the 



vi PREFACE 

possible results of future discoveries." To find explana't1"n .5r the 
facts of distribution under the current theories has always 
seemed 8 very hopeless task, and any hypothesis that. offers a 
way out should at least receive attention. No hypothesis can, 
after all, alter the facts, though it may show ways in which to 
accnmulate new ones. 

In the second part of the book, I have pushed my hypothesis 
to what seem to me its logical conclusions, conclusions which 
are sometimes subversive of received opinions. To be compelled 
to re·examine the bases upon which those opinions are founded 
will do science no injury, however. 

Whilc thc defects of the book are my own, lowe what is good 
in it vcry largely to the constant help, advice, and criticism of 
many friends, among whom I would specially mention Dr Hugo 
de Vries, Dr H. B. Guppy, Mrs E. M. Reid, and Prof. James 
Small, all of whom have also contributed chapters to the work. 
To these four I must add my friend Mr G. Udny Yule, to whose 
trained mathematical skill lowe much useful help and criticism. 
Prof. J. Stanley Gardiner has helped me very greatly in the work 
upon animals. In particular he was so kind as to obtain for me 
the help of Dr Hugh Scott, who spent hours with me in counting 
beetles, Mr E. Meyrick, F.R.S., who gave me figures for dis· 
tribution of Micro.lepidoptera, lIfr G. C. Robson, and Dr W. T. 
CaIman, }'.R.S. To the criticism of Prof. E. S. Prior, A.R.A., I 
largely owe the present simplified form of the book, and its 
freedom from technical terms; he waS also so kind as to obtain 
fur me \:'ne ala 0'1 In- W. D. Lang. Ytel'erellces tu Yrrerature,<eunu 
other valuable help, lowe to Sir David Prain and lIfr S. A. Skan 
at Kew, Mr G. Goode, M.A., at the University Library, Miss 
Taylor at the Balfour Library, and others, whilst I am also 
deeply indehted for help and criticism to (the late) Dr E. A. N. 
Arher, Mrs Agnes Arber, Prof. Margaret Benson, Mr E. Breakwell, 
Dr W. B. Brierley, Dr N. L. Britton, DrJ. Brownlee, MrJ. Bnrtt
Davy, Dr L. Cockayne, (the late) Mr R. W. Davie, Mr C. E. 
Fowera~r, Mr E. G. Gallop, Prof. R. Ruggles Gates, Dr B. 
Daydon JackSOIl, (the late) Dr A. LOfgrell, Dr D. T. MacDougal.' 
Dr J. k. Maiden, Miss E. R. Saunders, Dr D. H. Scott, Prof. 
A. C. Seward, lIfr A. M. Smith. Dr Norman Taylor, Dr R. J. 
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Till~, "Prof. A. Wall, Dr J. E. B. Warming, Prof. D. M. S. 
Watson, and many others. That I have been able to carry out 
this ¥,orf at all I owe to the labours of generations of systematists, 
botanical and zoological, foremost among whom, inasmuch as 
the hypothesis of Age and Area was originally fouoo.ed upon 
their work, I must place my predecessors in Ceylon, G. H. K. 
Thwaites and Henry Trimen. I must also specially mention 
Sir Joseph Hooker, as this work forms a continuation of his 
labours of the fifties. Last, but not least, I am deeply grateful 
to my wife, and to my relatives, Mrs and Miss Steel, for much 
help ungrudgingly given. 

For illustrations I am much indebted for loan of blocks to the 
Royal Society, and to the Editors of the AnnalB of Botany, N atuTe, 
and New Phytou,gist; also to my daughter Margaret, who made 
the drawings from which all, except those on pp. 125, 158, 178, 
241 and 242, were prepared. 

J. C. WILLIS. 

CAMBRIDGE, 

" April, 1922. 
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PART I 

I'HE PRESENT POSITION 
OF AGE AND AREA. 

CHAPTER I 

INTRODUCTORY 

l~HE existing distribution of a plant (or animal) upon the surfllCe 
of the globe, which is often a very complex phenomenon, is due 
to the interaction of very many factors. Sometimes they are 
inherent to the plant itself, sometimes they are incidental to its 
surroundings, sometimes they partake of both qualities. At 
times they may be active, at others very active, and at some 
periods, or in some places, they may be more or less quiescent. 
One pulls in one direction, another in another. As a plant spreads 
from the place in which it originally commenced, therefore, it 
comes under an ever-varying pull, causing it to spread more or 
less rapidly, or at times not at all, according to the different and 
ever-altering combinations of tbese fac1ors-different climates, 
different soils, different groups of plants that occupy the soil, 
presence or absence of such barriers as are offered by mountains, 
seas, changes of climate, and many other things. To all this it is 
obvious that age must be added-the older the species is, the 
more area will it have had time to cover. 

Bt.tt mere spreading is not all; a species may at One time be 
common in a certain region, and at a subsequent time may be 
very rare, or even non-existent there. This may be due to many 
things, for example, the arrival of a disease-organism to which 
the plant may be very subject, and to which it falls an easy prey, 
or which so reduces its vigour that it falls a prey to something 
else. Or some new competitor may appear, which is so much 
better suited to the local conditions that the first plant ilredbced 
to rarity or perhaps even to extinction. In this connOOtion by 

._far the most important factors are those introduced by ~logical 
and other changes., In times which, geologically speakina-, were 
but yesterday, Britain was united to the continent of Europe, 
and the way was ~ for the passage of any species that grew 

W.A. • 1 
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upon the latter; now it is closed, or closed to all but a few w.bose 
seeds may be carried, by wind, birds, or man, across the lIividing 
seas. In Tertiary times, Europe was covered with forest in which 
grew many things not now found there; the onset of the cold of 
the glacial period, and the secular changes of climate, have so 
altered the conditions that the Tertiary forest has disappeared. 

So complicated is the interaction of all these many factOrs, 
and their continual changes, that in general it has been con
sidered impossible to say why a given plant should be found to 
occupy a given area, while another species of the same genus 
occupies one much larger or much smaller, though it may look 
almost exactly like the first, and may differ from it only in 
characters to which we cannot, without great stretch of the 
imagination. attach auy serious importance for life or success. 
We have been unable to say why, for example, Coleus barbatus 
should be found almost over tropical Asia and Africa, while 
C. eltmgatUII, which differs chiefly in the fonn of the calyx and 
of the inflorescence, is confined to the summit of one mountain. 

For sixty years we have been under the wonderful fascination 
of the theory of evolution by meaDS of infinitesimal variations. 
or minute changes of character from individual to individual. 
At first, and for a long period, this theory seemed to be capable 
of explaining almost everything, and to it we OWe what could 
perhaps have corne in no other way, the e<>tahlishrnent of the 
doctrine of evolution, now universally adopted, but which until 
the latter part of the last century, though 2000 years old, had 
met with no acceptance. To quote Huxley (22 in List of litera
ture, II, pp. lBO, 191), "To anyone who studies the signs of the 
times, the emergence of the philosophy of Evolution, in the 
attitude of claimant to the throne of the world of thought, Rom 
the limbo of hated and. as many boped, forgotten things. is the 
most portentous event of the nineteenth century." " ... the pub
lication .•. had the effect ... of the flash of light, which to .8 lban· 
who has lost himself in a dark night, suddenly reveals a roed 
which, whether it takes him straight home or not, eertaitiIy goes 
his WAY .. " 

UfideI>the glamour of this themy, the tendency naturaBy ..... 
to lay tbI! greatest stress upon the vital factors in distributioa, 
for thesc'·were the only ones wbichoould differ from~ ..... , ; 
indivi~ or from spooies to species. The means of ~ 
open-to plants, their reactions to the climate, e""-. msd. tIlIeir 
adaptaticios to vaftQus ends, were thereIom ~ . .wit1t • . 
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newtd and extraordiruuy vigour. whilst the mechanleal factors. 
exeept PerhaPS the purely negative inftueneflS of b&rrlers. were 
Jeft comparatively neglected. For many years there ... lie

marh.bIe progress in our knowledge of geogra.phieal distribution, 
but this has now aU but eeased, except in regard to the study of 
the purely local distribution of species in reJ'erence to the purely 
JoeaI changes of the different factors of climate, wateHupply. 
associations of plants covering the ground, and the like, in 
which direction much work of extreme value is being earried on. 
But in regard to the wider general distribution of plants about 
the globe, we seem to have arrived at a period when the limiting 
factor, to use Blackman's words, has become the la.cIt of a sllti$. 
factory theoretical background, which will provide eflicient 
working hypotheses for the conduet of investigations that shall 
lead to real advanees in our knowledge of the fascinating sub
jeet of geographical distribution. I have myself heard a leading 
authority upon tills subject say that he thought that it was 
almost beyond the range of human capacity. 

In this emphasising of the effects of the vital factors, the 
action of mere age, which must evideotly be of some importance, 
has been more and more lost to view. And yet in 1858 Lyell 
(89, p. 702) wrote 

As a general rule, however, species common to many distant 
provinces, or those now found to inhabit very distant parts of 
the globe, are to be regarded as the most aIlClent. Numericall)' 
speaking, they may not perhaps be largely represented, but their 
wide diffusion shows that they have had a fong tinle to spread 
themsel"es, and have been able to survive many important 
revolutions in physical geography • 

• 4P*At.-~ 
N. or do I doubt that if very considerable. periods of eqW!l 

~eouId be compared with one another, therate.ot~ 
in the living .•. world might be nearly uniform. 

$tdyetapin 
lllvery loeaI revolution ..• teods to ciretu:nscribe the range of 

_$pecies, while it that of others; and if we_1$I 
to Wer that new species . in one spot only. ~h tum: 
-\lire time to diffuse . over a wide _. It wI'Il fOUow. 
7",~ ·ftom the ado tion of this hypothesis. that ~ recent 

some specieS,p &1ld the high lUItiqnity of others. _ 
consistent with tIle gener'al :faet ot their llinited dis
; __ being local, beeMI8e they have net eldsted"Iong 

~ .. ~~. '1 their wide di~i qthe$. beea_ 
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circumstances in the animate or the inanimate wm-W bave 
occurred to restrict the range which thev may on~e have 
obtained. • 

Hooker (Ma, p. xxv), in the same year, 1858, quotes.the'first 
passage from Lyell, and goes on 

If this be true, it follows that consistently with the theory of 
the antiquity of the alpine flora of New Zealand, we should find 
amongst the plants common to New Zealand and the Antarctic 
Islands some of the most cosmopolitan, and we do so in Mantia 
fontana, CallitricM verna, Cardamine hir8ma, Epilobium tetra
gonum and many others .... On the other hand, it must be recol
lected that there are other causes besides antiquity and facility 
for migration, that determine the distribution of plants; these 
are their power ... of invading and effecting a settlement in a 
country preoccupied with its own species, and their power of 
adaptability to various climates ... though we may safely pro
nounce most species of ubiquitous plants to have outlived many 
geological changes, we may not reverse the position, and assume 
local species to be among the most recently created, for species~ 
like individuals, die out in the course of time; whether following 
sonIC inscnltable law whose operations we have not yet traced, 
or whether (as in some instances we know to be the case) they 
are destroyed by natural causes (geological or other) they must 
in either case become scarce and local while they are in process 
of disappearance. 

It is thus clear that the subject of Age and Area is by no 
means new. Until comparatively recently I was not aware of 
the above very striking quotations, and it is interesting to find 
that my experience of actual distribution in many lands has led 
me, as it has Jed Guppy and many more, to much the same 
conclusions as those reached by two authorities so great as Lyell 
and Hooker. Had it not been for the appearance and rapi<frise 
of the great theory of Darwin, with its inevitable diversion of 
effort into other and at the time much more profitable' lines, it 
is evident that Hooker or some other worker of an earlier time 
would have discovered not only the principle which I have 
termed Age and Area, but also the many and remarkable eQn
elusions to which it leads. 
D~ the last twenty years, since finishing my monograph 

of the :{ndian Podostemaceae (116), I have devoted my spare 
time to the study of geographical distribution. My studies o( 
that f,roily had convinced me that the vital factors were not. 
t() ary great extent, responsible for the existing dispersal of the 
species, and in May. 190'7, I published the,first sketeh d the. 
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thOOl"V tlJht was growing up in my mind in respect to it. Almost 
simultaneously Copeland (18) presented evidence for the same 
view, practically emmciating the hypothesis itself, though not 
in d~finite arithmetical terms. 

In various subsequent papers I published further suggestions 
in regard to Age and Area, and the other hypotheses that I had 
associated with it, but it was not until in 1912 I actually worked 
over the complete fiora of Ceylon with respect to local distribu
tion that I discovered that the eHects of mere age upon dispersal 
were so clear and unmistakable that they could be expressed in 
figures. My paper embodying these results was published in 
1915, and has been followed by many others npon the same 
subject. 

While the distribution of any single species is dUe, ... , has been 
said, to the complex interaction of many factors and barriers. 
it must be remembered that only in the case of a group of allied 
species will these be likely to act with some uniformity. Age, 
on the other hand, pulls all alike, so that if one deal with groups 
of allied species, and call the various factors a, b, c, d, e, etc., 
while some will probably pull diHerent ways on diHerent species, 
and so cancel one another, others will pull the same way upon 
all, so that the dispersal of one group of ten may be due to 
(a + b + e + f) x age = 10, and of another (allied to these) 
(a + b + e + g) x age = 20. The latter will evidently be of 
much greater age than the former, as it occupies twice the 
area, and the factors other than age are much the same. But if 
one take two groups of unallied types, e.g. one of Leguminosae 
and one of Gramineae, or one of trees and one of herbs, one may 
have in one case (a + c + d + e) x age = 10 and in the other 
(b ~ d + f + g) x age = 20, and a comparison as regards age 
alone will evidently be impossible. 

A very excellent illustration of the principle here involved is 
given by the tables of expectation of life published by the in
surance companies. In no single case does .. age" alone deter
mine the period to which a man will live, yet by taking averages 
of men of the same race it is possible to say with perfect BCCJ11'BCY 
bow long an average man of 45 will have to live, or)!. m:.n of 
4.6, etc. • 

If one be dealing with one species &nlg (or one life only), then 
the interaction of many factors, including age, will be ao com
plex that one cannot say to which the distribution (or lentth of 
life) is actually d~e. It must always be remembered that the 
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effects of age only show clearly when one deals -.fitb 1IUt1Iy 
species, and those allied (and therefore more or less similar, both 
in structure and reactions). , 

I must consider myself very fortunate in having fitlally dis
covered that the effects of age were sufficiently clear to be 
arithmetically expressed. It is consequently possible noW to 
disentangle them to some extent from the effects of the other 
factors acting upon distribution, and this should tend to make 
the study of these other factors and their results an easier matter. 
It seems to me by no means impossible that they too may prove 
amenable to statistical treatment. 'Many biologists have a feeling 
of dislike to the introduction into biology of the more exact 
methods of arithmetic; as Hooker wrote, many years ago, "all 
seem to dread the making botanical geography too exact a 
science." But we have become accustomed to their use in the 
study of genetics, and we may hope that their employment in 
geographical work may not ultimately prove too repugnant. 

What has really surprised me in my work upon Age and Area 
more than anything else, and what seems at the same time to 
rouse some antagonism, is that the figures that have been given 
in many papers, by myself and others, show such clear and un
mistakable results that it is evident that mere age of species is 
a much more important factor in geographical distribution than 
We had been inclined to suppose. By the use of my hypothesis 
that area occupied is largely dependent upon age, one can make 
so many predictions about the geographical distribution of 
plants, especially within comparatively small 'areas, and find 
them correct within such small limits, that it is evident that 
mere age is a very important factor indeed, and consequ'iftly 
that distribution, when one works with groups of species, and 
over enormous period.< of time, is a much more mechanical pheno
menon than we had been inclined to think. 

Of course age in itself cannot effect anything; what is really 
meant is that the rerulta,fIt effect of all the active factors, like 
dispersal methods, etc., is so uniform, when one considers long 
periods of time and takes an average of several allied species, 
that \he~ species spread indefinitely at a fairly steady average 
rate. T41s rate, as I have pointed out in most of my papers; 
will probably not be the same for any two species, but for allied. 
forms ..,iIl not usually differ very much, so that by taking groups 
of tell' allies, and comparing with other groups allied to the 1i:i'St. 
the rate of expansiO!l of area will be a fair mpsure ot age. 



CH.I] INTRODUCTORY 7 

Ar~ent of Part I. In the next eight chapters I have en
deavoui-ed to set forth the hypothesis as thus far developed, and 
shaI1 follow this in Chapter XI (Part II) with a general statement 
of £he argument of the remainder of the book, in which the 
hypothesis, which now stands upon a good basis of facts, is 
pushed to some of the conclusions to which it appears to me to 
lead, and which are so wide.ranging that they cover much of 
the ground occupied by all the biological sciences. 

In Chapter IT the dispersal of plants is considered. Only by 
such dispersal, accepting the views of the present day about 
origin, could they have covered the large areas that so many 
now occupy. It is shown that while the possession of a good 
mechanism for the purpose is of great advantage to a plant, 
especially in reaching areas that are a little distance away, it is 
by no means necessary for world-wide distribution. The examples 
quoted about the actual dispersal of plants into new areas are 
practically always cases in which there was virgin soil available 
for their reception, and in actual life one very rarely sees such 
distribution. Most places are occupied by societies of plants, 
into which a newcomer will find it very difficult to enter, and it 
may have to wait a very long time until the changes that are 
always going on allow it to get a foothold. Barriers to dispersal, 
even though quite small, may produce very large effects, and 
as a rule dispersal appears to be extremely slow. 

The questions of Introduction and spread of .foreign species 
and of Aeclimatisation are then dealt with, and it is shown that 
the popular interpretation of 'the rapid spread of introductions 
-that they spread, and especially in islands, because they have 
come from continental areas or from the north, where the 
st;r,ggle for existence is keener, and has made them more effi
cient-rests upon very insufficient evidence, and that the real 
explanation, in all but a very rew doubtful cases, is that their 
spread is due to change of conditions. This has usually been 
effected by man, who has often altered, or even destroyed, the 
conditions under which many societies of plants formerly 
flourished, thus giving a fair field to those newcomers that were 
suited to the new circumstances. Aeclimatisation is v}!ry t.riefly 
considered, the general conclusion indicated being tluf as a rule 
it must he very slow and gradual, as in fact is the case with 
most of nature's work. • 

In Chapter v it is pointed out that only in rare _ will a 
seed he carried fllOre than a few yards to ~ve ana giow, aM 
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also that in view of the time available there is no need-for rapid 
dispersal. The various causes arc then considered that m~y help, 
or far more often hinder. dispersal. e.g. purely physical barriers 
like seas or mountains. barriers partly physical, partly d~penaent 
upon the constitution of the plant, like changes of soil or of 
climatic factors, or barriers (or aids to spread) dependent wholly 
upon the latter, like the fact that herbs may spread much more 
rapidly than trees, that parasites can only spread with their 
hosts, that a plant mayor may Hot spread quickly according to 
the particular society of plants with which it meets, and so on. 
The general impression is that dispersal in nature, except in a 
few (probably very few) cases, must be an exceedingly slow pro
cess, Only in cases where man has interfered ib there much 
c"jdence of rapid spread, and the popular impression that this 
is general cannot be justified by any of the facts at our disposal 
as to plants in unchanged natural conditions. 

Passing on to the consideration of Age and Area itself, in 
Chapter VI, it is pointed out that when I began to investigate 
the flora of Ceylon, I soon noticed the extraordinary differences 
jn 8re8 occupied that were to be found in species of the same 
geuus, where there were no characters of difference that cou~d, 
by any stretch of imagination, be regarded as fitting or unfitting 
them for the struggle for existence. Endemic or purely local 
species very rarely occupied the whole island, and must evi~ 
dently be adapted, if adaptcd at all, to local conditions within 
its area. This led to a careful study of areas, and it was found, 
for Ceylon. New Zealand, and elsewhere, that those species were 
the most widely distributed in a country which had the widest 
distribution outside, while the local or endemic species showed 
the smallest areas of distribution; in both cases working al"JRys 
with averages of ten allied species. 

Dividing the species of a country into classes according to the 
amonnt of area occupied, it was found that the endemics were 
most numerous in the lowest class (smallest areas), the numbers 
decreasing steadily upwards, while the widely distributed species 
were arranged in the exact reverse direction. Such facts were 
much'opjSosed to the supposition that endemics were adapta
tions to l~~al conditions, and equally so to the other supposition 
that they were relics. The facts call for a mechanical explanation, 
and the /"ost reasonable seems to be that area occupied on the 
average increases with age, independently of the origin of the 
species. Endemic species are usually young h;ginners. 
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The ne>a chapter gives a few illustrations of the successful 
manner in which Age and Area has been applied to the making 
<)f predictions about local distribution. For example, tile floras 
<)f th~ ou~lying islands of New Zealand being in general derived 
fron}. the sanIC sources as that of the main islands, must be com
posed of species that were among the earliest arriYals, in their 
{)wn affinity groups, in New Zealand. and should therefore, by 
hypothesis, he very widespread there. This proved to he the 
case, in a very striking manner, the species of the islands ranging 
on the average nearly SOo miles farther in New Zealand than the 
species that did not reach the islands. :Further, the endemic 
species that reached the islands ranged much farther in New 
Zealand than the widely distributed species of New Zealand that 
did not reach them. This result seems explicable only by aid of 
Age and Area. Other predictions that were equally successful 
are also instanced, and it will suffice to say that as Age and 
Area has been applied in this manner in over ninety cases with
<)ut a failure, the hypothesis now stands upon a very firm basis. 

A fnrther chapter is then given to the consideration of the 
way in which it may be applied to the study of the invasions of 
plants that may have reached a country, New Zcaland being 
taken as an example. By a consideration of an imaginary case 
in which a single widely distributed species enters New Zealand 
and gives rise to endenlics in a casual way, it is shown that the 
endemics in a country will in general show numbers decreasing 
from the centre where the parent entered down to the two ends. 
On examining the facts it was found that all the genera of the 
New ZeJJlAnJi fin~a. '6"';\'" 'lJmb_ "''''-'<'''' "- g"&'J <If t.he ?"winu. of 
the maxima shows that they are concentrated in three chief 
"egioTis-north, south, and central-and one infers that these 
must have been the centres of corresponding invasions. Careful 
study of the curves given by the single invasions goes to show 
that the northern was much older than the southern, and this 
is confirmed by the fact that the latter is mainly composed of 
the more mobile group of herbs, while the former is chiefly trees. 

Lastly, Chapter IX is devoted to a detailed consideration of 
the many objections that have been bronght up aga'fost eAge 
and Area, and many or most of them seem to be satis~torily 
met, very many of them depending simply on misunderstanding 
<)f the work upon which it is based. 



CHAPTER II 

THE DISPERSAL OF PLANTS Ill/TO 
NEW AREAS 

A VERY Jarge number of species are to be found at more or Jess 
frequent intervals over enormous areas of territory, often in 
regions separated by large stretches of water, or sometimes of 
land. Never, since the days of the hypothesis of special creation, 
has it been maintained that a species originally arose over the 
whole of the area upon which it now occurs. This would be a 
difficult proposition to uphold, as it is usually found that when 
a species occupies a large territory, it has different varieties in 
different parts. Various views, however, have at times held sway 
as to the probable extent of the land surface upon which a 
species began. Darwin (22, III, 109), for example, had at onetime 
the idea that it might arise under Natural Selection from one or 
a few individuals varying in the desired direction, but Fleeming 
Jenkin brought up a criticism of this position so incisive that 
he was forced to abandon it, and postulate for a much more 
numerous original ancestry, of course occupying a much larger 
amount of ground. It is perhaps from this latter position taken 
up by him that the current view has arisen, according to which 
species that now occupy very small areas of country owe the 
smallness of that area to the supposed fact that they are really 
in t'rocess of dying out., for they could not have arisen bv aid 
of the Darwinian mechanism of Natural Selection upon so",;maJI 
a space. 

At the present time, however, when this mechanism of in
finitesimal variation with natural selection (or survival of the 
fittest) is not commonly accepted as being the principal factor 
in the production of new species, it is probable that comparatively 
rew people would be found to demand more than a relatively 
linJted\.,area for the purpose. Not many, perhaps, have any 
exact iIlea of how much would be needed, but possibly the 
majority would reqnire either a little more than just a few 
sqUart yards, or the repeated origin of the same species upon 
the1lame area. A good many writers, both of former times and 
of the present, have adopted the view that.it is not absolutely 
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necessary 'hat a species, genus, or tribe should arise upon one 
spot only, or even in one region only. They consider that the 
same, thing may arise independently in different plaees, very 
rarely indeed the species, more often the genus, tribe, or family, 
either from the same species by the same road (as would probably 
be the case with the origin of a species in this way), or from 
different species, which all made the necessary changes to place 
them in the same genus or tribe (cf. 116, p. 446). This sup· 
position would unquestionably get rid of some of the difficulties 
of explaining many cases of discontinuous distribution, where 
the same species, genus or tribe appears in widely separated 
regions. 

Whatever view has been held as to origin, however, it seems 
to have been generally taken for granted that except in so far 
as they have been prevented by actual barriers, such as seas, 
ranges of mountains, sudden changes of climate from one dis
trict to the next, and the like, species have spread over the 
whole area to which they are suited, i.e. where they can grow 
and reproduce in spite of any adverse conditions to which they 
may be subject. In other words, it seems to have been assumed 
that the distribution about the world of the species now existing 
therein is largely a closed chapter, except in so far as man by 
his various activities may alter it. Why this idea of finality 
should have sprung up is not quite so easy to decide, unless it 
has been that people take for granted that in nature dispersal 
of plants is rapid1, and it is one of the objects of the present work 
to show that we are still dealing here with open questions. 

It " clear, however, tbat the large areas now occup\e<l by 
manl species must almost always, if not always, be due to 
spreading from others originally much smaller, and a careful 
~tudy of the ways in which this dispersal may be effected must 
form a necessary preliminary to the study of geographical dis
tribution in general. It is of course obvious that, as a rule, a 
plant once established will not move Rgllin, but its seeds, or 
detached portions of itself (or sometimes, as in the case of runners, 
connected portions), may in various ways be carried to a ,dist,julce 

:l People see a dandelion scattering seed over a Jarge area, or-nOtice the 
rapid spread of a new weed in the garden, and are apt to reason-that this 
BOrt of thing is always going on with all species, while at the same time 
they rol'get that most, jf Dot almost all,.eeds dropped UPOD groun.yu-eady 
fully OCCQpied by pla.nts, fail to grow, even if they germiDste. One mey see 
the ....,., clump of traveller''''joy, fnr example, ~. the same pI..,. 
without spreading, ror"a whole lifetime. _ 
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from the parent. This dispersal implies the concurrence Ilf various 
circumstances, and when all of these are external to the plant 
it is spoken of as occasional or accidental. while when sOD;le are 
inherent in the nature of the plant itself, it is said to fake place 
by aid of the regular" mechanisms." As instances of '" irregular" 
dispersal. we hayc such cases as tlw carriage of heavy seeds by 
a hurricane, or their casual attachment to a log which is acci
d('ntal1v floated across the sea to a new countrv; whilst it is 
"regul~r" in the case of seeds so light that they ~ill always be 
carried by wind to some little distance, or fleshy fruits which 
are eaten by birds and the seeds subsequently dropped. It may 
prove of more interest if an account be given of some actual 
researches carried out upon this subject, rather than a mere 
enumeration of the ,-ariolls mechanisms, etc. (54, 71). 

My chief pleasure in life being travel, I have always been 
interested in the mOYement of plants, and in 1893, with Mr I. H. 
Burkill, published (137) a study of the flora found in the bowl
like tops of the pollard willows that line the banks of the Cam, 
especially from Cambridge to Ely. We examined about 4000 of 
these trees, and counting each occurrence of one species in one 
tree, whether represented by few or many individuals, as 1, and 
only as 1, we obtained 3951 records. The tops of the trees being 
about six feet above the ground, it is clear that without some 
assistance seeds would be quite unable to reach them, though 
when once reached, a willow top presents a virgin area of soil, 
with no other species growing there. There were some 200 to 240 
species in the neighbourhood which if planted in the willows 
would probably have been able to grow there, but of these we 
found that only 80, or about a third, actually occurred, sh'_wing 
that the presence of a barrier even so trifling as the height of a 
willow was sufficient to exclude very many. Most of the plants 
with well-marked "regular" mechanisms were among the 80, 
though one missed Cornus (dogwood), Salix, the willow itself 
(possibly it would not grow in its own humus), Populus, the 
poplar (possibly for the same reason, it belonging to the same 
f~ly),.and a few Compositae and the orchids. The commonest 
plant in the tops was Galium Aparine, the goose-grass, found in 
644 trOiS, or over 16 per cent, of the total records. The fruit of 
this plant lIas little hooks, so that it may easily cling to an 
arum'll or a bird for time enough to be earried to a willow. But 
it ,,"s alS., found to he largely used by birds in nest-making, 
and probably the bulk of the reeords are 4ue to this, for ripe 
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fruit woul~often be present upon the pieces carried to the trees 
for this "urpose. The next most common plant was Sambucu$ 
nigra, the elder, with 550 records; this has a fleshy fruit which 
is eaten py birds, and the seeds subsequently dropped. The 
third plant was Rosa canina, the dog-rose (410 records), also with 
a fleshy fruit; the fourth Urtica diDica, the nettle (306 records), 
"ith very light seeds that are easily carried by wind, but also 
largely used in nest-making. These mechanisms were repeated 
in the next two or three plants on the list, and then followed the 
ash, Fra:rinW! excelsior, with 100 records. This has a winged 
fruit, which when falling from a tree of some height during a 
fairly strong wind may be carried to some distance; and as there 
were many ash trees close to the river, this accounts for the 
frequency' of the occurrence of this species in the willow-tops. 
Next after this came the dandelion, Taraxacum officinale (82 
records), with a fruit which in a breeze is easily carried upwards 
by means of its parachute of fine hairs. By the time that we 
come down the list to plants with 40 records, or I per cent. of 
the total, 21 species have appeared there. All but one of these 
have well~marked '" regular" mechanisms, but the remaining 59 
include a considerable number whose arrival in the tree-tops 
must have been due to some "irregular" aid, for they have 
neither light, winged, burred, nor fleshy fruits or seeds. Nineteen 
of them showed only one record each, and their appearance must 
be due to some such accident as having been carried in a ball of 
earth attached to a bird's foot, driven by an unusually strong 
wind, or somc other irregular transport. 

Classifying the records according to mechanism, we find: 

Per cent . .. Species Records of records 
Fleshy fruit (animals) 19 1763 44·6 
Winged or feathered 

fruit or seed (wind) 83 995 25·1 
Burred fruit (animals) 8 651 16·4 
Light seed (wind)... 9 425 : 10'7 
Doubtful methods ... 16 117 2·9 

Thus quite an appreciable number of species are sometimes 
transported, though in no great numbers. Of the 117.\ec8rds, 
Anth:riacus sylvestris, which is used in nest-making, aeco;mts for 
!lB. 

Three important facts appear in this result: (1) that ",en a 
slight barrier may produ~ a large effect; (2) that the buik of 
the individual plan!s (not species) travel by aid !lfthe "regu1ar" 
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mechanisms. especially by help of birds; but also that (3) & large 
number of species, even if few plants, travel by aid of "irregu
Iar" or accidental methods. If one could follow up the entire 
history of distribution of plants about the globe, one. wodId be 
quite likely to find that all species sometimes travel in this way, 
even though only very rarely. One would hardly expect to find 
the buttercup, Ranunculus /mlbosus, or Lathyru.v pratenais, in the 
willow-tops, yet both occur, though one does not find such com
mon plants as clover or daisy (44, p. 217). 

Two other important results also appeared: (4) that in only 
two instances did a plant occur of which there was not a repre
sentative actually growing on the soil within 200 yards. Even 
in these cases it was quite possible that at the time of reaching 
the willows the distance to be traversed did not exceed that 
figure, for one of the two, Lactuca muralis, was recorded for the 
same tree in Babington's Flora of thirty-five years earlier. In 
any case, it was clear that as a rule transport was only over 
short distances; and (5), a result which appeared on comparison 
with similar work done elsewhere in Europe, that the proportions 
of species distributed by the various mechanisms were much the 
same (10, p. 120), so that one might be able to predict to some 
extent the probable composition of such a fiora. 

Another type of distribution was studied in working out, with 
Prof. J. Stanley Gardiner, the flora of the Maldive Islands (138), 
a group of coral atolls about 400 miles south-west of Ceylon, far 
removed from other land. There is no reason to suppose that 
any of their flora survives from the far-distant period when there 
Was probably a land bridge from India to Mrica, SO that they 
probably formed a virgin area for the arrival of species from 
elsewhere. Of their 160 species, 66 proved to be suited to caI'J.'iage 
by Sea currents, possessing easily f1oated'seeds or fruits, im
pervious to salt water; 11 were bird-carried. with fieshy fruit, 
4 were wind-carried, and there remained 73, probably mostly 
due to unintentional carriage by man, but some doubtless 
brought upon floating logs or in other ways. Again a large per
centage of tbe species had thus arrived" irregularly." 

Aflotlter piece of work of this kind was done upon the flora of 
Ritigala tU7), a solitary precipitous peak, rising tp 2506 feet in 
the low~ying "dry" north country of Ceylon, about 40 miles; 
from tJ'e main mountain mass to the south, whieh fo= part 
of ~ "wet" zone. The dry zone receives practically no rain 
during the six months of the south-west monsooD, and has thus . 
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a long perisd of drought, but Ritigala is high enough and steep 
enough to condense the moisture of this wind, and its upper part 
therefore forms an outlier of the wet zone. Upon the summit i. 
a wet!zon .. flora, which must in general have reached it by over
stepping the whole 40 miles of separation, for the configuration 
of the country, and the course of the monsoons, render it very 
improbable that the intermediate country can ever have been 
"wet," i.e. have received rain in the south"west monsoon also, 
which alone would render life possible for these species. Of the 
108 wet·zone plants at the summit, 24 had fruits suited to bird 
carriage, 49 had light fruits, seeds, or spores suited to wind, and 
80 may be classed as doubtful, heing entirely unsuited to any 
of these methods, and yet equally so to growth in the inter
mediate" dry" country. Here, therefore, was carriage by doubt
ful methods over a good 40 miles, most probably by the aid of 
birds in some way, as the species were largely mountain species. 

Of the actual wind-carried species, 24 were ferns and lycopods 
with dust-like spores, 20 were orchids with very light seeds, and 
the other 5 were Compositae, Apocynaceae, and Asclepiadaceae, 
with parachute-like fruit or seed. 

It is noteworthy that the peak of Ritigala, a mere small area 
projecting out of a sea of dry-zone plants, was probably not a 
virgin area, though suitable to wet-zone forms. It was probably 
covered with plants of" dry-zone" type, which have only gradu
ally heen ousted by "wet-zone" arrivals, and in the whole of 
the enormous period since it hecame suitable to the latter it has 
only received 108 of them, and also bears a great numher of 
plants which are the same as those of the dry-zone areas below. 
The Maldive Islands, which were probably a virgin area, have 
reeei~ 160 species, in probably much less time, and Kraotau" 
which we shall next consider, received 187 in thirty years. 

Krakatau, the classical instance of the distribution of plants 
to new ground, is an island in the strait between Java and 
Sumatra, about 25 miles from each, and about 11 i from the 
nearest island with vegetation. In 1888 it was absolutely 
sterilised by the famous eruption. In 1886 Dr Treub of Buiten
zorg visited it to see to what extent it had been re-colonis~ (1f9); 
he found many blue-green Algae, 11 ferns (spores easily prried 
kY wind), 9 flowering plants on the beach (carried by currents, 
en- drifted oyer by wind), and 8 inland, two of these the ""fle as 
(m tl!e beach. These eight were a Wedelia, two C""'1JZIZ8, &ad a 
~. all Comnositae. with dandelion-like fruib_ easilvearried 



16 THE DISPERSAL OF PLANTS [PT. 1 

by wind, Phragmites and Pennisetum (grasses, ditt\)}, Tourne
fortia and Seaevola (fleshy fruit, bird-carried). In 18"97 (34) a 
further examination showed that there were 50 flowering plants, 
of which about 80 were due to sea carriage, and 16 to, wind. In 
1905 the number had increased to 137, and the island was be
ginning to show thick forest growth. But again tbe effect of a. 
barrier should be noted, for the flora of Java alone is over 5()()() 
species. 

Thus at first only the regular mechanisms produced any result; 
but sooner or later the irregular begin to show, for in the 137 
are a rew spedes as to whose method of reaching Krakatau it is 
impossible to do more than guess. On Ritigala, where there are 
30 species of doubtful method of transport, the time allowed has 
been enormous, while on Krakatau it Was less than thirty years. 
Yet in those thirty it had, thanks to virgin soil, and somewhat 
greater nearness to the sources of supply, received many more 
species than Ritigala. 

Another case of this .kind was the re.vegetation of the TaaJ 
volcano (38), in the middle of a lake in the Philippine Islands. 
Rere, again) the wind·carried plants arrived very early, and in 
larger numbers of species, hut the bird-carried tended to he 
numerous in individuals. Both upon Krakatau and upon Taal 
the vegetation began before very long to settle down into asso
ciations of plants. While at first chiefly herbaceous plants, these 
were soon followed, as happens in damp regions when sufficient 
time is allowed, and no other agency, such as man, interferes, by 
shrub and forest. 

Incidentally, a method of dispersal which has not been men
tioned above must receive a word of notice. This is the explosive 
mechanism, as it is sometimes called, where, owing to tefisions 
set up in the fruit by turgidity, as in Impatiens, or by drying, 
as in Claytonia, Mantia, Hevea, Hura, etc., the seeds when ripe 
are jerked away from the plant. The distance is commonly quite 
small, hut when, as in Hura or Hevea, the fruits are at the top 
of a tall tree may be slightly increased. 

In many respects, the last regular mechanism which has to 
be inen,ioned, that of vegetative reproduction by portions of 
the pl'¥lt itself, like runners, suckers, hulbiIs, etc., is the most 
efficient of all, as witness the profusion of daisies in most lawns. 
or the difficulty of eradicating Jerusalem artichokes once estah
lisho!; while anyone who has luid the misfortune to have his 
garden infested with goatweed, enchanter'~ nightshade, ceIan-
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dine, or cOlleh.grass. will need no information as to the efficiency 
of this m~thod. Tithonia diversifolia (Compositae). which has no 
pappus, and is dispersed almost entirely by vegetative methods, 
has sj'>rea<1 in Ceylon as ,,~dely and almost as rapidly as Lantana, 
which is bird-carried. Elodea in the waters of western Europe 
was a similar case, for only the female plant is known there. 
Vegetative reproduction cannot carry a plant very far at one 
operation. but it is probable that to travel far, unless into virgin 
soil, is really rather a handicap; and the young plant has the 
enormous advantage of connection with the parent, or in any 
case of a good supply of food with which to commence life. 

Several other researches have been carried out in recent years 
upon the actual transport of seeds and fruits. Of these by far 
the most important are those of Guppy upon the stocking with 
plants of islands of the Pacific and Atlantic Oceans (44, 47). 
lie discusses in detail the agencies that can effect distribution, 
pointing out that the currents only take a comparatively minor 
part in it. About 90 per cent. or more of the plants in the islands 
have fruit. which is not buoyant, and could only be carried by 
some accidental concurrence of circumstances. Mter talking 
about the lists of sea-carried plants given by Schimper and 
Hemsley, and including in each case about 120 species, he says: 
"' De Candolle was quite right in minimising the effect of currents 
011 the distribution of plants," and again, U one can scarcely 
controvert Kerner's opinion that the dispersal of plants. as a 
whole, is not appreciably affected by this process." Leguminosae 
as a family are conspicuous among sea-borne plants. 

He considers that as an agency in stocking far outlying islands 
birds take the first place, though there are many difficulties in 
explaining the distribution. Wby. for example, should Fiji have 
about 200 genera not found in Hawaii or Tahiti, and yet many 
of them just as well suited for bird carriage as those that actu
ally occur there? He considers, however, that the age of bird
dispersal is now practically over in the Pacific, and that just 
like the plants the birds have tended to become local species 
confined to islands or groups of islands. This phenomenon of 
emkmiBm or local species is shown most markedly in f!le tase 
of both plants and birds in the far outlying islands of the·Pacific, 
while in islands where none of the plants are peculiar. etdemic 
birds are few or wanting. 

He goes on to point out that the deVelopment of local s~ies 
is largely correlated mth degree of isolation, not ?nly as regards 

W .. A. 2 
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distance from the mainland, but as regards frequenl'Y of arrival 
of species from elsewhere. There are rew local island species 
among the beach plants, which are continually arriving with the 
ocean currents, more among the mountain-top plants, Where 
probably birds most commonly alight on arrival, 'and most 
among those of intermediate elevation. 

He regards as the oldest, on the whole, those groups with 
actual genera confined to the island or group of islands, then 
those with genera all of whose species are endemic, followed by 
those having genera with some species endemic and some widely 
distributed, and as the youngest, on the whole, those having 
only genera with no species endemic. He regards the develop
ment of endemic speci\" as due to what he calls the principle of 
differentiation. They are most often allied to some common 
widely ranging and polymorphous species which he regards as 
the parent. To this very important conclusion he returns in 
other papers (46-6), and in his later book upon the Atlantic 
Ocean (47), where he colnes to much the same general conclu
sions upon distribution as in the case of the Pacific. 

In fact, as we shall see in more detail in the course of this 
book, Guppy arrived at, and published a year sooner, the same 
general conclusions to which I also have been driven by a life
time spent, like his, in travel and botanical investigation, chiefly 
in the tropics. 

Interesting facts in regard to the distribution of the Compositae 
have been worked out by Small (103). The fruits of these plants 
are usually carried by aid of a parachute-like tuft of hairs, as 
may be well seen in the dandelion. The general evidence that he 
marshals goes to show that the fruits may frequently be dis
persed to a distance of from four to twenty miles, and ""en at 
times over one hundred (cf. Ritigala and Krakatau above). His 
experimental observations show that so long as the relative 
humidity of the air remains at a figure that keeps the pappus 
open, a wind of two miles an hour (barely perceptible) is enough 
to keep the fruit floating in the air for an indefinite period, but 
if the moistness increases, the pappus closes, and the fruit soon 
faKs t6 the ground. Thus the dispersal of these plants on land .•. 
where \:he air in general is drier, may at times be to great diS
tancd', but over the sea such <lOIlditions of dryness ·will OOIX!':. 
parativeJy rarely occur. . , 

JDiportant papers have also been published by Ridley on the. 
actual facts of spreading observed by him (91-11). For exarnpIe; 
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he studied the Dipterocarpaceae in the Botanic Gardens at 
Singapo1'e. These are tall trees with rather large fruit, upon 
which two or more of the persistent sepals grow out into large 
wingll. Falling as they do from a considerable height, and re
volving .... they fall, these fruits may be carried to some distance 
before they drop, if there be a wind blowing. A Skorea, 100 feet 
high, was found to scatter its fruits freely up to 40 yards dis
tance, but not beyond 100. As it fruits at thirty years old, a 
little calculation will show that in the most favourable circum
stances conceivable, with the ground clear of other vegetation, 
it would take about 60,000 years to migrate 100 miles. Diptero
carpus grandifolim, another of this family, ranges from the 
Malay Peninsula to the Philippines, and Ridley estimates that 
at least 1 i million years would be needed to traverse this dis· 
tance. He considers that light powder·like seed affords the most 
rapid transit, plumed fruit or seed, like the dandelion and other 
Compositae, next, and winged fruit or seed, like the ash or the 
Dipterocarps, the slowest (of the "regular" mechanisms for 
wind-dispersal). In another paper he gives interesting points 
about the dispersal of seed by mammals, calling especial 
attention to the small distances usually travelled in such 
cases. 

What has been said so far might be read to mean that dis
persal of plants was always a comparatively simple' and rapid 
process, only interfered with to some extent by actual barriers; 
and it is necessary now to make clear that in nature this is far 
from being the case. The desirability, under the Darwinian 
theory, of finding as many, and as effectual, "adaptations" as 
poss.,le, has led to those for seed-dispersal receiving much greater 
credit than is their due. In all the cases (except Ritigala) that 
we have so far considered, the dispersal of the plants has been 
into areas of ground that could be easily occupied, on account 
Q( the lack of competition; and the same is the case with the 
introductions described in the next chapter. But suppose that, 
mstead of the 4000 willow-tops, One thought of 4000 areas of " 
square yard each (or of a single acre) upon a moor or inlll forest, 
it is at once obviolls, from oidinary observation; th4t in 100 
yem:s they 'Would 1Wt :receive 80 new species of plants, even 
Uwugh these might be growing within 200 yards. It is doubtful 
if they, would even receive one or two •. Nor would an aref ~ 
to that at the island of Krakatau, but upon II: tropical savatinah, 



20 THE DISPERSAL OF PLA.NTS [PT.t 

receive 187 new species in less than 40 years. As L.yell stated 
in 1853: 

Eyery naturalist is familiar with the fact, that although in a 
particular country, such as Great Britain, there may be 'more 
than 3000 species of plants, 10,000 insects, and a great variety 
in each of the other classes; vet there will not be more than a 
hundred, perhaps not half that number, inhabiting any given 
locality. There may b(, no want of space in the supposed tract; 
it may be a large mountain, or an extensive moor, or a great 
ri"er plain, containing roon1 enough for individuals of every 
sp<,cies in our island; yet the spot will be occupied by rew to 
the exclusion of many, and these rew are enabled, throughout 
long periods, to maintain their ground succcssfuHy against every 
intruder, notwithstanding the facilities which species enjoy, by 
virtue of their power of diffusion, of invading adjacent terri
tories (69, p. 670). 

This fixity of the vegetation in any given neighbourhood, 
though familiar enough to everyday observation, tended to be 
ignored during the period of the hunt for adaptations; but with 
the rise of the study of ecology it has once more come into 
prominence, and the tendency at present is perhaps to regard 
it as too permanent. A given area of ground is occupied by a 
society or association of plants, made up in a fairly definite way. 
This association may be open, leaving room for possible new
comers. but tends always to become closed, by taking in the 
maximum number '"hieh can mutually adjust themselves to the 
conditions there prevailing, and as altered to some extent by 
each new arrival. It is a matter of extraordinary difficulty for
a newcomer to obtain a foothold in a closed association, which 
may thus form an almost complete barrier to passage. But with 
the changes brought about in the soil, etc., by the vegetation 
itself. and for other reasons, an association sooner or Jater passes 
its climax, and tends to be succeeded by others. As Clements 
says (16), "the most stable association is never in complete 
equilibrium"; and again, ., local migration is primarily respon
sible for the population of new areas ... most of the evidence 
available shows that effective invasion in quantity is always 
10Cll!!." <It is clear that to think of plants in general as travelling 
rapidly ~bout the world by aid of their dispersal mechanisms is 
to take a completely incorrect view of the situation. 

In fact, it is clear, and will be made clearer in the chapter upon 
barp''''s, that in nature dispersal will be an extremely slow pro
ceSs. The majority of plants have no special "mecharllsm" fol' 
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the p"'1l"se. and depend on a small transport due to wind or 
animals, often only of a few inches. Ritigala, which was probably 
covered with a Hdry~zoneB flora. but which has apparently 
existed it. its present place since the Tertiary period, has only 
received 108 "wet-zone" plants in all that time, though the 
conditions are favourable to them, while Krakatau, with virgin 
soil, has received 187 in less than thirtv vears. All the work, 
whether upon dispersal or upon plant-ass~ciationsl that has been 
quoted, goes to show the enormous influence of barriers; but as 
the floras of most countries, even of most islands, do not show 
any such influences of the barriers that cut them off, the natural 
inference is that in general they received the bulk of their floras 
when the barriers were not there. 

Looking at the dispersal mechanisms in a general way, one 
gathers a broad impression that they are really of much less 
importance to plants than one has been inclined to imagine. This 
is confirmed by the fact that onc finds many genera with little 
or no mechanism for dispersal just as widely spread and cosmo
politan as others with the most perfect arrangements. For 
example, among the former we find Callitriche, CeraJophyllum, 
Carex, Cocculu8, Desmodium, Euphorbia, Hippuris, Juncus, 
Lemna, Piper, Pi8tia, Polygonum, Salvia, Utricularia, etc. Al
together more than half the cosmopolitan genera have no good 
dispersal mechanism. (Cf. Lantana and Tithonia mentioned 
above, p. 17.) 

Of genera occurring in both Old and New Worlds, the family 
with most (97) is Gramineae, whose fruits are to some degree 
suited to wind dispersal, but it is followed by Leguminosae (79) 
whici are ill-suited to rapid spread, except to some extent by 
currents. These families are followed by Compositae, Orchida
ceae, R"osaceae, Rubiaceae, Scrophulariaceae, Liliaceae, UmbelM 

liferae, Cyperaceae, Cruciferae, Caryophyllaceae, Ericaceae, 
Euphorbiaceae, Ranunculaceae, Acanthaceae, Convolvulaceae" 
Coniferae, Labiatae, and Malvaceae, in the order named. The 
general impression is not that of the predominance of plants 
with good dispersal mechanisms. • • 

The first "ten largest families in the world (judged bY' number 
of general-the Compositae, Orchidaceae, Legumin~ Rubi
aceae, Gramineae, Asclepiadaceae, Euphorbiaceae, Umbelliferae, 
Cruciferse, and Acanthaceae--are not remarkable for tI. _pos
session of extra good methods of dispersal, excepting the '"first 
two. Yet not only,have they the largest number of genera in 
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the world, but they have also the largest number in inpst large 
sections of it, e.g. the Tropics, or the islands of the world, taken 
together. This fact goes to show that dispersal has not altogether 
depended upon the possession of a good "adaptation" for 
the purpose, and also that when one takes large numbers and 
long periods, it is to a marked degree mechanical. Attention was 
first caUed to this striking fact by Hooker in IBBB (56, p. lxiv), 
in these words U the conditions which have resulted in Mono.:. 
cotyledons retaining their numerical position of 1 to 4 or there
abouts of Dicotyledons, in the globe, and in all large areas 
thereof, are, in the present state of science, inscrutable .. " 

If the methods of dispersal be compared throughout a family, 
it will be found that they are often attached only to a gem,s or 
group of genera, and thus are probably comparatively modern. 
Even in Compositae, wJlich as a whole have the same mechanism, 
there are a good many widely dispersed forms with no pappus. 
"Of the Compositae common to Lord Auckland's group, Fuegia, 
and Kerguelen's Land, none have any pappus at aliI Of the 
many species with pappus, none are common to two of these 
islands" (55a, p. xxi, note). "Phyllanthus shows by its distribu
tion in the Pacific that dry. fruited Euphorbiaceae are as widely 
distributed and as much at home as the fleshy-fruited ones" 
(44, p. 825). And cf. 7, p. 578. 

SUMMARY 

It heing generally agreed that plants dispersed over large 
areas began upon smaller, a study of the methods of dispersal 
must form an introduction to that of distribution in general, 
and a number of eases of sucb investigation, from the flora {!mnd 
in the pollard-willow trees near Cambridge to the new flora of 
the island of Krakatau, are given. The general results that seem 
to come out of all such work are (1) that barriers to spreading 
produce very important results; (2) that most individual plants 
travel (to anything more than the very smallest distance) by 
aid of the" regular" mechanisms for dispersal by wind, water, 
or It'liffilt]s (or vegetative reproduction); but (8) that a great 
many sJ"'cies are sometimes, even if very rarely, carried by 
various(,,~' irregular" methods-mud on birds' fee~ hurricane&;;" 
floating logs, etc.; (4) that the distance covered is usually very 
smallll'but (5) that dealing with large numbers and long periods, 
the keneral result tends to be much the same in all cases under ' 
somewhat similar conditions. On the oihe", hand, the ilxity of 
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the vegetat"ive covering of any given area shows that the pos
session of a good dispersal mechanism is only rarely of much 
valu~ A general comparison of the flora of the world shows that 
more thaft half of the most cosmopolitan genera have little or 
no mechanism for dispersal, nor is such well marked, on the 
whole, in the largest and most widely distributed families. It 
also goes to show that in most cases where there are now wide 
separations by seas, etc., the floras are too large to have been 
able to arrive across such formidable barriers. 



CHAPTER III 

INTRODUCTION AND SPREAD OF 
FOREIGN SPECIES 

ONE of the most commonly misunderstood or misinterpreted 
phenomena in connection with the distribution of plants is that 
exhibited by many species that have been introduced, whether 
intentionally or not, into countries to which they were not really 
native. Often they have spread rapidly, and are now among the 
most common plants. The casual traveller in Ceylon, for example, 
will notice everywhere by the roadside the sensitive plant 
(Mimosa). the Mexican sunllower (Tithonia), Lantana, Mikania, 
various Cassia.s, guavas, Turnera, Vinca rosea, etc., not one of 
which is really native. Higher in the hills he will see abundance 
of clover, dandelion, gorse, shepherd's purse, spurrey> etc~, also 
introduced in recent times. 

When Europeans first settled in tropical and other countries 
to which they were newcomers, the places in which they located 
themselves were not determined by mere chance, but were 
places to and from which transport was most easily and cheaply 
obtainable (114, p. B6). They had not come to these countries for 
the benefit of the inhabitants, but to begin trade with Europe 
in those products that they only could supply. Accordingly the 
white men settled at the mouths of the great rivers like the 
Ganges, Yang-tze-kiang, Amazon, de la Plata, etc., where !/.Orts 
existed or could be easily made, and goods could be easily 
brought down from inland. Even more frequently they s~ttled 
upon the islands, beginning with the smaller ones. Here there 
was less risk of invasion by the natives in great force, and trans· 
port from the interior was usuaUy easy, by reason of the com
paratively small size of the country, though of COUTse river
mouths were utilised, for purposes of port accommodation, and 
of transJlOrt from the interior, whenever possible. 

I.r th,,",e places introduced plants were soon found spreading 
.bout, !'Specially when the country, prior to oCCUpatioll-as was 
rery often the case, especially on the islands-was in its natural 
tate ~ forest. No notice was taken of this spread until the rise 
f t]ll, theory of Natural Selection, when it was found that these 
ltrodUCtiOns apparently gave good eviden"'1in its support. This 
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evidence, w:s accepted without being always subjected to proper 
sifting, and it was for a long time believed that these introduc
tions" spread ,,~th this rapidity and success because they came 
from large continental areas (chiefly Europe and tropical 
America) where they had, so to speak, become highly efficient 
and H up-to-date" by competing in the struggle for existence 
amongst a large crowd of other species, and were in consequence 
exterminating the native productions because these had not 
had such advantages. In a comparatively short time the fact 
that introductions also occurred on continental areas was almost 
lost sight of, and the argumcnt was applied almost entirely to 
islands. Darwin, for example, states (23, p. 340) that" in many 
islands the native productions are nearly equalled, or even out
numbered, by those which ha"e become naturalised; and this is 
the first stage towards their extinction." Wallace (111, p.527) 
makes very similar statements. 

Now the fact of rapid spread in many cases is undeniable, and 
also that it has been largely, if not mainly, recorded from islands. 
But no proper analysis of the evidence has been made. One 
soon finds that introductions are just as common on continental 
areas, especially where these (as was nearly always the case upon 
islands) were untouched forest at the time of settlement. Thus 
141 species have been recorded as spontaneous in the Transvaal, 
868 in South Australia, 864 in Victoria; 800 introductions, of 
which 107 have become naturalised, occur near Montpellier, and 
848 in the Tweed valley (14, 11, 35, 107, 143). One also finds 
that the cases of rapid spread without alteration of the conditions 
are very few indeed; in most Cases man has removed the forest, 
made great clearances, introduced grazing animals, or in other 
way" completely altered the circumstances, thus enabling those 
introductions to survive and prosper which were suited to the 
new conditions. And one further finds that when introductions 
have spread, it has been just as much, if at all, at the expense 
of species in tbe native flora that are of wide distribution as of 
species of the most strictly local kind. The great bulk of cases 
of spread of introductions are due, not to the fact of they- having 
come from Europe or America,· but to the fact of their su1ting 
the new conditions created by e1earance of the forest, or4luItiva
tion of the ground, to which there were few or no native species 
snitable, and to the fact that man has thus broken up tfe old 
associations of plants that covered the ground, and m"e it 
possible for new pl'l"ts easily to gain a footh;'ld~ In Ceylon, for 
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example, which has been much quoted in this conD.~ion, 8 

but 11 of the 387 naturalised species (116) are either weeds aboll 
houses, due to cultivation, or weeds of open ground. whicl> W8 

all but unknown in the old days of forest. Seven of these 11 ax 
only a clump or two of planted trees, and there are really onl! 
two cases of natural or nearly natural spread, and then only tt 
a distance of a few hundred yards, downstream, in a very steel 
valley. , 

The only instances of rapid spread in Ceylon, on land alread) 
occupied by a growth of plants suited to the conditions, hav, 
been in the case of a few such weeds as Tithonia and Mikania, 
which have spread rapidly over the open ground already occu
pied by weeds previously introduced. One is inclined to think 
that this is due to the fact that such areas have not as yet 
elaborated the best plant societies suited to their conditions, 
and that room is still left for newcomers. On the other hand, 
there is no evidence for rapid spread in forest, where the adjust
ment of species to environment has probably been carried to 
great lengths. 

In a few cases, new species have spread rapidly over ground 
already occupied by herbaceous plants, like Elodea in the waters 
of western Europe, or Spartina in the low coast lands on the 
south of England. Here, again, one may suppose that there has 
still been room for newcomers, especially in the case of the 
Spartina, which is largely found on land that was submerged 
not so very long ago. 

The enormous majority of cases of rapid spread of introduced 
weeds are due to putting of forest, or other serious alterations 
of conditions; in Neo$h America and Argentina often to cnltiva
tion of the soil (even if only once), leaving conditions diff~t 
,from what they were. In St Helena, which has been much used 
as an argument for natural selection, man introduced goats, 
which are most destruetive to vegetation, with the result that 
there is left only a flora practiea1ly "goat-proof." Even the 

. largest trees are not safe, for the goats may destroy the smaller 
trees .. 8JId expose them to the action of th!e sun and wind. {Cf. 
also the effects of the exclusion of rabbits from a heath (38, 
1911, p~).l 

Cockayne has devoted much attention to New Zealand, an,·' 
island ~ which over 550 introductions have become more or' 
less .... turalised, and which has often' been quoted as evidencec 
for the great superiority of introductions frorp. the eromied 1I.ora,,. 
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of Euro~ in actual fact, howev"," man, by felling the forest, 
introducing cattle, and in other ways, has completely altered the 
local fIOnditions. Cockayne states (19, p. 82) that introductions 
only give "the characteristic stamp to the vegetation "where 
draining, cultivation, constant burning of forest, scrub, and 
tussock, and the grazing of a multitude of domestic animals have 
made absolutely new edaphic conditions, which approximate to 
those of Europe." And farther on in the same paper he says, 
"the indigenous vegetation is still virgin, and the introduced 
plants altogether absent, where grazing animals have no access, 
and where fires have never been." 

Bolle regards the Canarian endemic flora as "everlasting" and 
"indestructible," and writing of the same flora Christ views the 
local conditions as all in favour of the native plants and against 
intruders. 

There arc very few cases of rapid spread of introductions that 
cannot be accounted for by changed conditions, and in many of 
these it is probable, as in the cases of Elodea or Eichlwmia 
(water-hyacinth) in the water, or cacti or Cynara (cardoon) on 
the land, that they have proved suitable to joining a plant 
society which as yet was incomplete (open) and allowed room 
for newcomers. The few cases remaining, that are quite in
capable of explanation as yet, are so very limited in number 
that to base any argument upon \hem would be in a very high 
degree dangerous. 

The spread of introductions is often so rapid and striking that 
one is tempted to lay too much stress upon i~, and to think that 
the original rate of spread of most species ,,:,&5 somethiIlg of the 
SlUIle lind. But tnere is no evidence to support tills view, and 
the natural rate of spread is often so slow that one may even 
think that nothing is happening at all, and that a species has 
reached its limit of distribution, whereas if things could he lert 
quite untouched for several centuries, one might find an ap
preciable change at the end of that time. 

SUMMARY . . 
"An endeavour is made to show that in the great majority of 

eases the rapid spread of plants introduced into new <*lntries 
is due to the changes of conditions that have been made by 
man, and not to the fact that these plants have usually. come 

~:froui more" 1lOID.pIex and "efficient" floras. )fitroduction80 are 
,just as common upon continental 'areas as upon islands (to 
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. which they are sometimes su_"posed to be largely co;'filled); and 
their spread is practically always due to some change of con
ditions that has to a greater or less extent interfered with the 
success of, or has even destroyed, the society of planes formerly 
growing "pon the ground which they now occupy. 



CHAPTER IV 

ACCLIMATISATION 

f\CCLIMATISATION may be described as the accustoming of 
plants to new conditions and climates till they are not only 
capable of growing there, but also of reproducing themselves 
freely. Thus, though the cherry and apple will grow readily 
enough in the hills of Ceylon, they are not really acclimatised, 
for they do not produoe fertile seed, and if left to themselves 
wonld inevitably die out. Lantana, on the other hand, is com
pletely acclimatised, and seeds freely. 

As practised by man, acclimatisation is chiefly modern, but 
in nature it has been going on for ages. Hers is much more 
gradual, but there is no nursing of a delicate plant till it can 
survive and reproduce; if in any way unsuitable to the altered 
conditions, it will die out. Man used to try to make enormous 
changes, as from Europe to the Tropics, but has slowly learnt 
that this is usually impracticable, and has even hegun gradual 
acclimatisation, as for example in the way in which he has 
treated Liberian coffee in Java, taking the seed of successive 
generations a few score yards higher up each time, till he has 
persuaded the tree to do well at a much higher elevation than 
that to which it is naturally suited. 

In the Ceylon Botanic Gardens we were very anxious to 
acclimatise the beautiful Cyperus Papyrus; so long as we tried 
seed from Europe we failed, but seed from Saharanpur in India 
..R\wa~~ at 6lli-'l? &\m._...t'..m,-w t .. ru:- &"\{fu>..\l1J-r .. W R:.\t .. \"o .t'.h.a~ ~~ 

climate in regard to periodicity, as when one tries to acclimatise 
plants of the southern hemisphere in Europe. Sometimes the 
plant requires a mycorhiza (or fungus in association with the 
roots) for its successful growth, and it may not be possible to 
persuade this to grow, as with heather in Ceylon, which has 
never succeeded there. But it would lead too far to discuss all 
the many and complex phenomena of acclimatisation.lIS p.ac
tised hy man, and we must return to that carried on b1 nature, 

. which almost never attempts to make great changes a't once, 
except when, for example, the Gulf Stream carries to Europe 
seeds which refuse to grow there except in hothouses_ • 

. As a rule, nature's accIimatisation is simply to the slig?ttIy 

.. 
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different conditions that may be experienced in .. transit of a 
few score of yards or less, but small journeys like this, added 
up over many centuries, ultimately result in enormous differences 
of conditions, as when one finds Hydrocotyle asiatica growing in 
the low country of Ceylon, with a steady mean temperature of 
SO', and in Stewart Island, New Zealand, with winter snow and 
frost. 

Acclimatisation may also take place in nature without the 
plant changing its position, by the secular changes of climate. 
which are usually going on. New Zealand had probably at one 
time a more or less tropical climate, and now has a temperate 
one, yet the tropical species are still to be found there, and quite 
probably may have originally arrived when the climate was 
warmer, and then become gradually acclimatised, themselves 
and their descendants, to climates steadily becoming colder. 
The rise of a mountain chain may gradually acclimatise plants 
to a colder climate, by carrying them upwards. 

This gradual acclimatisation that is carried on by nature has 
often been so successful, as illustrated by H ydrocotyle tuiatica 
above, and by scores of other" tropical" species which are found 
far south in cold but still damp climates (to the northwards the 
change to dry is more sudden) that it makes it very difficult to 
say when a species has really reached its climatic limit, beyond 
which no amount of acclimatisation would be of any use. People 
are apt to say that laboratory experiments show that such or 
such a temperature is the lowest that a plant will stand, for
getting nature's very gradual acclimatisation. Hydrocotyle from 
Stewart Island would almost certainly give reactions in the 
laboratory different from those of the same plant from the 
plains of Ceylon. 

It is possible, again, that in nBture's acclimatisation by 
gradual change of climate, plants may become slower in the 
performance of their functions, or in growth, so that the genera
tions may be farther apart. 

Yet another factor that has probably an important influence 
is the increasing number of species upon any given piece of 
col<ntCY. As the species increase in number, they probably begin 
to form'more or less complete or "closed" associations of 'plants, , 
into 1fhich intrusion of a newcomer becomes increasingly difti.-:. 
cult, so that probably both rate of travel and acclimatisation 
are. l'(!ndered slower and more troublesome. 
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SUMMARY 

Acclimatisation in the hands of man. who is impatient of 
results, has been largely a matter of trial and error, with nume
rous -failu.res, but there is reason to suppose that this is not so 
much the case in the hands of nature, working as she does over 
vast periods of time, with very small steps. Species have thus 
been acclimatised to conditions wonderfully different from those 
in which they began. 



CHAPTER V 

CAUSES "'RICH FAVOUR OR HINDER 
THE DISPERSAL OF SPECIES 

IT being generally considered that a species commences upon a 
comparatively small area (or areas), it is clear that it has to do 
much trsyelling to cover the large territory which is now occu~ 
pied by so many forms. In general it will be dispersed by aid 
of one of the methods already described, whether regular or 
not, and will be aided, or far more often hindered. in its 
joumeyings by various factors which we have now to consider. 

Whatever one's views may be as to the efficacy of transport 
to a distance, it is unquestionable that as a rule new plants of 
a given species grolv up fairly near to pre-existing specimens of 
the same kind. For one thing, though it is often overlooked, it 
is much more difficult for a plant carried to a distance to estab
lish itself, under the different conditions of climate, soil, and 
especially of plant societies, etc., that it will then meet with, 
than if it were simply transported a few yards, jnst as it would 
be more difficult for an emigrant from England to establish 
himself in a foreign country, rather than in a colony or the 
United States. 

If near to a solitary tree of a given kind there exist, at dis
tances of ten, a hundred, and a thousand yards, spaces where 
its seeds if sown would stand a reasonable chance of growing 
and fiouri<hing, then it is clear that to put a seed on every 
square yard' up to a distance of ten (supposing the imp<ssihle 
case of uniform distribution), the tree would have to disperse 
314 seeds; up to 100 yards 31,400; and up to 1000 yards it 
would need no less than 3,140,000 seeds, a number probably 
far beyond the capacity of most trees. In actual fa~t, the seeds 
are notoriously carried in such vastly greater numbers to the 
smaller distances, that this figure would probably have to be 
muftipl1ed by 100, or even 1000 or more, to allow of the plant 
placinlf ~ seed on every square yard up to a radius of 1000 yards. 
But even this is not enough, for a seed placed in one part of a 
square yard, while the snitable spot for its growth is in another, 
will)£ve no better chance of success than if a dozen yards away. 

1 Area of circle =7rT$, e.g. S·14 x 10 x lOe 
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One must !!gain multiply by say 150, to allow 11 seed for every 
three in<!hes square, or probably by even more than this. Unless, 
therefore, a seed just happens to fall on the exact spot where it 
can grow. the chance that the plant will ever travel morc than 
a few yards from its parent is but a small 011('1; and the 111ajority 
of plants cannot in any case travel Inore than a few yards, 
except by irregular aid, for want of a suitable mechanism. 

Of course, in cases whert~ a wall of uniform veg{'tation, like 
the edge of a pine forest, is advancing, the number of seed re
quired per tree to reach to a considerable distance will be much 
reduced, or even where the plant, as is more often the case, is 
thinly scattered along a given front, but in any case, to reach 
a favourable spot at some distance away, a vast number of seed 
will be required. In the temperatc zone, where seed may survive 
for a long tinlc, thc chance of such success is greater, but ill the 
tropics, where they rarely remain dable for long, is bllt slight. 
Xot only so, but the vegetation of the wetter tropics is usually 
forest, and so thick that a seed dropped near the top of the tree 
canopy will be unlikely to reach the soil if not very heavy, 
unless by nlcre chance. 

There is not the least need, when one has regard to the vast 
periods of time that are available for the purpose, for rapid 
dispersal. Few people, perhaps, have fully grasped the fact that 
while some species occupy very large areas, the bulk of them do 
not, and the average area is but comparatively small. Upon 
50 million square miles of land there are about 160,000 species 
of flowering plants, so that if each occupied its own area, and 
alone, the average would bc about 300 square miles. But in 
fact, at a rough and fairly liberal estimate, there are say 3000-
4000~rr any given country, which would make the average about 
a million square miles, probably an overestimate. But taking it 
at a million for convenience, this area could be covered in a 
million years (a mere detail in geological time) by an annual 
plant which merely moved forward a yard a year, and which 
started on an open plain of the necessary size, with a uniform 
climate. 

While the radius of the area occupied increased 1, 2: 8, '1, 5, 
etc., the area (71T2) would increase 3, 12, 27, 48, 75:108, the 
!liflerences being 9, 15, 21, 27, 33, or an annual increa~ of 6. 

l. The rapid spread of weeds does not affect this argument, for \lJ.ey are 
spreading upon cultivated ground, and owe their rapid dispersal to ~ 
or unnatural conditions, as do the introductions considett<i in ChapteT DI. 

• Il 
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The area would thus grow with inereasing speedl, and tbough 
for a long time it would be very small, at the end of '8 million 
years the radius would be 1 million yards, or roughly 600 miles 
(London to the Shetlands, Dresden, and the Pyrenees), ana the 
area over a million square miles. 

Thus, in a period of time which is almost insignificant from 
a geological point of view, a species without competition or 
interference might cover all area which is probably larger than 
the average area of a species to·day. At the same rate of travel, 
in 12 million years it would cover an area of 50 million square 
miles, equal to the whole available land·surface of the globe, 
and in 24 million years might cover the entire surfaee of the 
earth, supposed land with uniform conditions. All these periods 
are probably small compared even to the Tertiary period of the 
earth's history, for Lord Rayleigh has estimated the time since 
the Eocene alone at 30 millions. 

These figures are of course the merest rough approximations, 
and are given simply to show how little aetual forward move
ment is required to do, in a comparatively short space of time, 
what has actually been done by even the most widely distributed 
species. No special mechanism for dispersal would be imperative 
in such a case. It is clearly obvious that in nature what actually 
happens must be delay of spread rather than acceleration. 

Another important point that one must not allow to be for
gotten, and which may perhaps be dealt with best in this place, 
is the simple arithmetical ratio in which an early species will 
gain upon one that appears at a later period, both in the area 
occupied, and in the chance of giving rise to new species. Let 
us suppose that hoth of these are purely mechanical processes, 
aud that the species spread uniformly in every diTecti6n, as 
before, without let or hindrance. Then if two species A and II 
start at different periods, spreading at the same rate, B will 
never catch up to A, but will always fall behind. The ~ 
occupied will be (d. above): 

A 3 12 27 48 75 108 147 192 
B - - - 3 12 27 48 75 

Difference... 45 68 81 99 117 

1 The dispersal would of COlll'tre tend to become less and less dense, J>l1l 
as f?f ~ge and Area purposes area is ~timated bv dl'A.Wina A P.irP.Ip I'nItIK 
the outel'Dlost localities, this matters littJe. 
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The differeIfces in area occupied will continually increase (by 18 
every tilbe) though in radius of area B will always be only 8 
behind A. And in the same way, if each give rise to new species 
in p;'portion to the area oecupk>rl (i.e. number of individuals), 
A will continually gain upon B. In actual practice, of course, 
the result will not be so mechanical, but on the average the earlier 
formed species will gain upon the later, both in area and in 
number of progeny of new species, unless the later formed ones 
are superior to the parents. This gain is incidentally shown to 
be the case by looking over the geological record. The genera 
that are found in the earliest horizons ,,:re in general large genera 
of the present day. Twenty of them from one horizon, though 
one or two are now extinct, include over 2000 species now living, 
so that their average size is at present over eight times the 
average of twelve species per genus. 

It is clear that in nature the usual case will be transport to a 
small distance only. But when this has been accomplished, the 
seed has still to become a plant capable of reproducing itself, 
and to do this it has to overcome many difficulties, the chief 
perhaps being the fact that, as a rule, the ground is already all 
but completely occupied by plants more or less fully grown, so 
that even a vacant space left by the death of one of them will 
be full of roots, and overshadowed by the neighbouring plants. 
Not only so, but the plants that grow upon any given piece of 
ground in its natural state generally form what is called an 
association or society, into Which a stranger, i.e. a plant of a 
species not usually occurring in that association, will find entry 

·very difficult. We shall return to this subject below. 
When a species is just commencing its life as such, and con

sists J'ossibly of a very rew individuals, there is no doubt that 
its ehance of spreading, by seizing upon spots more or less vacant, 
will be much less than when it becomes more common, as indi
.cated by the very few plants that make up many endemic 
species (below, p. 55). A species, unless it start upon an un
occupied piece of ground, will probably take' a very long time 
to spread from the condition of haIf·a-dozen plahts on a few 
square yards to reasonable frequency on a square mil~~ Obce 
.,.tablished with commonness more or less equal to that of its 
~eighbours. it will probably spread with a rapidity mu~h the 
same as that of other species of the same genus living in the 
same country and in the same type of vegetation, inasm~ as 
Jlll win rnv ... hohl,l" howp rnn-... h tho:> IOlnrnp tvnP nl wn""PhAni!l;l.1'\'} f'n .. 
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dispersal. and will read to their surroundings in mu'Ch the same 
way. But as yd we ha ,,~c no means of conlparing tlie rate of 
spread of species that arc separated in systematic relatiolJship~ 
and which may differ in many ways. Sonle may have powd{'r~ 
Hk(' s('ed, easily carried by wind, others fleshy fruits dispersed 
by birds; some may be herbs, with a generation every year or 
two, and a corresponding chance of frequent dispersal, others 
rna ,. be tre('s with as much as twentv to thirty vears between 
geY{erations; and so on. .,., ~ 

If th,· dispersal of plants depended simply upon their 
"mechanism" to that end, it is evident that (working with 
groups of species, and long periods) it would be almost a purely 
mechanical process, the area occupied enlarging steadily with 
the increasing age of the species; and of course each species 
would probably progr~ss at a different rate, those with good 
mechanisms, or in good environment, or flowering while still 
young, trayelling more rapidly. After a certain period of time 
tht> areas occupied by a set of different plants, say a Dipterocarp 
tree {po 19), a Leguminous tree~ a. Cruciferous herb, and a Com~ 
positc herb. all starting simultaneously on area represented by 
1, might at a guess be, say, 2, 5, 10, and 100. But in actual life 
many other causes conle in to facilitate or delay the spread of 
species, and it seems probable that delay, rather than accelera
tion, is the usual result. This is chiefly the case, for instance, with 
the aetnal physical features of the world, which we shall 
consider first. 

Open 8eas, for example, and even comparatively narrow anus. 
of the sea, like the English Channel, may offer practically in
superable barriers to migration, only to be occasionally passed 
by a few species, unless with the assistance of man. .ttn im~ 
portant point to remember is that such seas, or arms of the sea, 
may be comparatively receJlt~ or of very ancient standing in 
geological history, so that their total effect upon distribution 
may be relatively small, or of very great importance indeed. 
Once formed, however shallow or deep, a sea will offer much 
the sa",e obstacle, and the degree to which it ohstructs passage 
of ;pec\es will to some extent depend upon the direction of any 
currews that may traverse it. Further, even when it has become 
wide enough, in the process of formation, to stop some speci<:s 
coml'letely, others, by virtue of good dispersal meChanisms, may 
be",bIe to cross. 

Jl ountaim, again, are of great importan<;,". Considered merely 
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as elevatio~s of the ground. they would probably make com
paratively little diffcrence to the existence or to the migrations 
of plants, unless very high or very steep, but their presence 
usnal1y it!Volves change of climate from one side to the other, 
and from bottom to top. so that they may produce great effects 
upon the composition of the ,"cgctation, whether as seen in 
simply ascending them, or in crossing to the other side. The 
climate usually becomes cooler and damper in ascending. until 
the cloud belt is passed at high elevations; and if the range be 
tran<;verse to a damp air-curr~nt. as so often happens owing to 
the fact that ranges are frequently parallel to the sea, much rain 
will be precipitated on the nearer side, and the farther side will 
have a much drier climate. This effect can be well seen in the 
monntains of Scandinavia, of Portugal, of New Zealand, in the 
Western Ghats of India, the northern Rockv Mountains, the 
Cascades, etc. If the change is very great, the flora may be 
almost totally different on the two sides of a range. 

~Ioulltains may also serve as agencies facilitating migration 
of species, inasmuch as they nlay enable the passage into or 
through a country, otherwise unsuitable in whole or in part, of 
the plants of cooler or moister climates, or of herbs of open 
ground. They are also favourable to rapid migration because 
the frequently occurring landslips may open appreciable areas 
of new soil not covered by vegetation, upon which plants may 
at once take hold, without having to wait to secure a spot 
temporarily free, or struggling to effect an entrance into a closed 
association of plants. Such plants will probably be mostly herbs 
or small shrubs, inasmuch as landslips will be more common at 
the higher elevations, which are above the tree line in many 
cases: Owing to the fact that changes of climate have often 
taken place in a north and south direction, mountain chains 
running east and west have been of especial importance. 

As a general rule, a river hardly seems to be of sufficient 
width to offer a very formidable obstacle to migration, though 
it will doubtless delay it considerably. The only river that really 
seems large enough to be, possibly, an actual boun1ary to 
migration in some cases is the Amazon in the lower hilf 01 its 
course, from Mansos, where it is joined by the Rio Ne,wo, to 
the sea, and where it may be several miles wide, Owing to the 
density and enormous size of the forests, however, we do not 
yet know enough of the local distribution of the plants ot \Ilat 
region to be able to :ay whether or not any speci .. really meet 
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the river ,,;th a long frontage to it. and are not fo,md at all on 
the other side. • 

Soil may be considered as a geographical factor in migration, 
inasmuch as it depends upon the geology of the country, or may 
be considered under the next heading, of ecological factors. 
Nothing has been a subject of greater controversy than the 
effects of its composition upon the vegetation which it carries. 
There is no doubt that one may observe quite different floras 
upon, say, a chalk soil and a siliceous soil in England. and quite 
another again upon a soil impregnated with salt. Exactly to 
determine. however, what part of this effect is due to the 
chemical composition of the soil, and what part to its physical 
constitution, is a very difficult problem. My own experience 
",ith tropical agriculture, extending over nearly twenty years, 
inclines me to lay morc stress upon the physical constitution, 
for crops will succeed almost equally well upon soils of very 
different chemical composition, if only they be, for example, of 
such physical consistency as to retain water well. Chalk soils in 
the natural condition are dry, and little retentive of water, sandy 
soils even more so, while clays may retain water very well indeed. 

It is comparatively rare for any plant to he confined in its 
growth to one kind of soil only. Festuca ovina is so abundant 
and successful upon the chalk downs that one is tempted to 
think it a chalk plant till one finds it almost as common upon 
a hilberry moor in Derbyshire, or a grass moor in Scotland, 
with peaty soil. Both chalk and peat demand in the plants that 
grow upon them some capacity of resistance to insufficiency of 
water, and it may be the physical rather than the chemical 
constitution that matters most. 

There is no doubt that if in the same climatic and other g;neral 
conditions there exist two belts of different soils, these will be 
covered with floras that will be differently constituted in detail, 
hut it is comparatively rarely that a species will not occur on 
hoth, though it may be common on the one and very rare on 
the other. The only chemical constituents present in the soil 
that re~lIy seem to have a determining effect in allowing some 
species end excluding others are calcium carbonate (chalk or 
Iimest.",e) and sodium chloride (salt). A good case is mentioned 
by Drude (33) of a line of chalk.loving shrubs found running 
throll~h a forest 011 siliceous soil in France; on in.vestigation it 
waS"fonnd that they occupied the track of an old Roman road, 
for which chalk had been used. 
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As a general rule, .. change of soil docs not cover .. breadth of 
country 'sufficiently wide to form an absolute barrier to the 
pasSllge of some species, or a special assistance to that of others. 
If it is b~ad one way, it may be narrow in the direction per
pendicular to that. There can be no doubt, however, and this 
is all that matters to our present discussion, that it may readily 
hinder or delay the passage of some species, and assist that of 
others; and that it may distort as well as delay some species iu 
their distribution, by compelling them to go round. 

1\'e come now to those hindrances interposed by change of 
conditions (to which plants react in different manners) either 
from one place to another, or from one time to another, which 
in a general way may be classed as eCOlogical. The change may 
be very sudden, as from forest to dry grassland (seen very 
strikingly at the edge of the patanas of Ceylon; cf. 81), or from 
a wet to a dry climate, as on the two sides of many mountain 
chains; and in this case one comparatively seldom finds the 
same individual species growing on both sides of the barrier 
thus formed. But if the change be more gradual, as from warm 
to cold in ascending a mountain, one often finds this to occur. 
To what extent the barrier is effective. therefore, will depend 
largely upon its sharpness of definition, as well as its width and 
depth. and upon whether a genus on reaching it is able to form 
new species capahle of living upon the other side. This is a 
phenomenon which is very often seen, and it is in fact by no 
means certain that an ecological barrier will intemlpt com
pletely the progress of a genus, though it may stop a species. 
When a genus is found confined to wet or dry, high or low, it is 
most probably, as we shall see, because it is still comparatively 
young in that country, and has not yet had time to spread 
widely; quite possibly it has not yet even reached the actual 
btmndary. Widely distributed genera, if they have many species 
in the country, more nsually have species on both sides of the 
boundary. In the first hundred genera of the Ceylon fiora, for 
example, the genera which have species in both wet and dry 
zones (which have a very different climate, cf. p. 14\ are 32 
with 141 species, or an average of 4'4 per genus, while trIOse 
confined to one zone are 68 with 185 species. or an avqage of 
:I ouly. [The average for the whole flora is 2'7.] Of genera in 
the entire flora that have over 10 species, seven only, with 21, 
20.13,12.12.12, and 11 (average 14), are confined to one'7~ne; 
eight, the largest ,!,ith 27 species, have one or more species 



40 CAUSES WHICH FAVOUR OR [PT. I 

occurring in both >.ones (average 16). and 21 gene~a with 4!l4 
species (largest 48, 42, 40, 3H. RYCrage 23) OO"e separat\' species 
in each 1..onc. * 

Th(,Te are many ecological changes which may be silmnled up 
as climatic, and which, if they oeCtlf over a sufficient depth and 
width of country, may offer ,"cry formidable checks or barriers 
to disper.~al. Such, for instance, are ('hange of rainfall, of dis
tribution of rainfall, of temperature. of dampness of air, of light, 
of wind, etc. The combined effects of these form what may be 
termpd the climate of a place. In the existing conditions of the 
world the climate is detcmlincd in broad outline chictly by lati· 
tude, position with regard to the &ca, to prevailing winds, and 
to mountain chains which are at no very great distance. The 
lower til(' latitude. the warmer the climate; the nearer the sea, 
and t he' more wind blows fronl it, t h" damper; the nearer the 
lee side of' a range ('rossing the prevailing wind, the drier. 

Fllrther, during at allY rate the later periods of the world's 
history, great ranges of nlOuutains ha,·e sprung up in different 
directions, especially from cast to west in the Old World, from 
north to south in the New. These ranges are so lofty that apart 
from the changes of climate due to them, they have acted as 
very formidable barriers. And when to this is added the enor· 
mOlls difference of climate Oil the two sides, it is clear that they 
nmst have completely altered the distribution of species, and in 
general rendered it more ditlicult for the greater number. though 
on thE' other hand, species, chiefly herbaceous, which can live 
at high levels in the mountains, have been enabled to travel 
through and into regions otherwise impassable (d. p. 37). It 
is in this way, probably, that many herbaceous and shrubby 
types of vegetation, including such gcnera as Caltha, Ligust,cum, 
and Veronica, characteristic of the north temperate regions, but 
now also found in New Zealand, South America, etc., have been 
enabled to reach those countries; and that the comparatively 
young Compositae have spread so widely over the world. 

The effects of the mountain ranges on the two chief continents 
may be.seen by comparing the climates of North America and 
of Eurowe, both in the zone of prevailing westerly winds from 
the occi}ll. The west coast of the former is very wet, in latitudes 
equal to those of northern Europe, and was originally covered. 
with forest; but as one comes to the east of the Cascades and 
Roc}l:1 Mountains, which lie across the path of the westerly 
winds, one reaches the land of prairie, whi.ch is especially dry 
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in the near neighbourhood of the mountains. In north·central 
Europe, ':n the other hand, the climate slowly becomes drier 
with tair regularity in passing from England to the Urals, and 
then becomes suddenly much drier. In the Scandinavian 
peninsula, the mountai~s lie more across the 'wind, and SwedNl 
is much drier than Norwav. 

Farther south, there is ~ a great belt of more or less dry and 
d.esert country~ almost round the world ill the nortiwrn, much 
less marked in the same latitudes of the southern, hemisphert'. 
and between these two drier regions, which oppose all but im· 
passable harriers, lies the wet zone of the equatorial tropics, 
where the climate is usually damp, and often Ycry rainy through 
a great part of the year, though there are alternations of drier 
and wetter periods. 

If a country be flat, or nearly so, as t for instance, North Europe 
from England to the Urals, the rainfall gradually falls off as 
one goes inland from the sea, but only in averages over a number 
of years. If, for example. at a series of stations, working inland 
from the sea, the rainfall average 50, 45, 40, 35 inches, it is quitl· 
possible, if not even probable, that in some years the fall at the 
station farthest inland may be 50, or in others that the fan at 
the station nearest the sea may be only 35. Unless. therefore, 
plants are suited to a great range in the amount of rainfall, they 
cannot hope to succeed in most stations, and it also becomes 
doubtful when and where the rainfall reaches an ab50luh' 
maximum or minimum which causes it to be an ecological 
barrier. It is also highly unlikely that this point will be the 
same for any two species. That there is such a barrier seems not 
improbable when we consider the difference in flora between 
the steppes of Rnssia and the British Islands, but where it 
exists for any single species we are unable to state. 

If, however, as very often happens, a mountain chain stand 
athwart the prevailing or most frequent winds, there may be a 
sudden change in the rainfall. The damp air from the sea, striking 
the mountains, is forced upwards and cooled, parting with much 
of its moisture; then as it descends upon the other side. it be
comes warmed, and- thereby much drier. In Ceylon, for e~amf>le, 
the south-west monsoon blows for about six months over:- vast 
expanse of ocean, and reaches the island a saturated wind. 
Meeting the mountains, it deposits an enormous rainfall (over 
100 inches at the foot of Adam's Peak), and upon the ea!t~ 
side (they reach 8000 !eet) becomes a dry scorching wind, deposit. 
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ing less than 10 inches of rain at Batticaloa on th"" east coast_ 
The change at the summit-level is so sudden that one may some
times find a wet climate at ODe end, and a dry and sunny .. ne at 
the other end, of the short summit tunnel on the railway. The 

position j,. largely reversed during the other monsoon, so that 
very many species can grow on both sides, though usually with 
different periodicity, Para rubber, for example, ripening its 
seeds on one side of the mountains in February, on the other 
in Allgust. 

In South India the chain of the Western Ghats causes a heavy 
fall of rain in the south-west monsoon on the western side, whil'e 
the north-east monsoon is comparatively dry, so that there is 
a great difference in the climate of the two sides, and many 
species are confined to one or the other. This contrast in climate 
and vegetation between lee and weather sides is also well shown 
in the trade belts in the tropical Pacific islands, large and small, 
and is very marked in the Andes, in the section from 10° to 80° 
south of the equator. The wind striking them is usually the 
easterly trade wind, and their western side is almost completely 
dry. :Farther south the eastern side is comparatively dry, be
cause of the westerly winds from the Pacific Ocean. Chains 
that run north and south are of greater importance in this con
nection than chains that run east and west, regarded simply 
as mountain chains causing differences in rainfall, for the question 
is less complicated with change of temperature following lati
tude. But from the general historical point of view of geo
graphical distribution, the east and west chains, by forming 
barriers to the plants spreading south or north with the ad
vancing or retreating cold of a glacial period, have been, in all 
probability, of enormously greater importance than the chain,; 
that run north and south. An immense number of species, and 
even genera, have probably perished against the chain of moun
tains that runs east and west with few gaps from Spain to 
eastern Asia. 

The effect of the drier climate on one side of a chain of moun
tains 'lii1l generally be to encourage a more herbaceous type of 
vegetation. So long as there is a reasonable amount of rainfall, 
not to.v much concentrated into one period of tbe year, the usual 
type of covering of the soil, in countries that have not been dis
turbed by ice periods, or by man, is forest. But below a certain 
anv>dnt of rain, forest does not seem readily to survive, nor to 
occupy new ground, even if it survive up,"n ground that was 
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forest in cia;" of greater moisture. The general tendency. there
fore. of tlte change of climate brought about by a chain of 
mountains transverse to the prevailing damp wind, is to en
courage tilt> growth upon the lee side of herbaceous and shrubby 
plants which can stand greater extremes of drought, and to 
make it very difficult, if not impossible, for the forest species, 
whether trees or undergrowth-herhs and shrubs, to travel into 
the drier country. A complete barrier may thus be offered to 
the passage of some species, while others. that would have been 
quite unable to pass the level forest, may be enabled to pass 
easily by the development of a mountain chain at R later period. 
like the development of the Andes in Cretaceous times. 

Distribution of rainfall and moi8l:ure of the air is of e'-ert 
greater importance to a plant than total rainfall. The largest. 
rainfall in the world is at WaialeaIe, in the mountains of the 
Hawaiian Islands; it is also well distributed throughout the 
year, so that the place is always wet, with no dry season at all. 
As the result, it has a flora of a very moisture-loving kind. 
Cherrapunji, in Assam, which has almost as great a rainfall, but 
badly distributed through the year (April 29 inches, May 50 
inches, June 110 inches, July 120 inches, August 78 inches, 
September 57 inches, October 13 inches, and the other five 
months only 14 inches amongst them), does not show this, but 
has a vegetation which almost suggests a dry climate. 

Kandy in Ceylon has a very steady mean temperature just 
over 75° F., and a rainfall well distributed through the year (the 
twelve months have approximately 5, 2, 8; 7, 6, 9; 7, 6, 6; 11, 
10, and 9 inches, total about 82), and though there is a "dry 
season" in February and March, the flora is distinctly forest of 
the ordinary rain-forest type. In the dry zone of northern and 
eastern Ceylon lies Anuradbapura, with a total rainfall of 
55 inches, distributed mainly in the north-ea~t monsoon from 
Oet.ober to April (8, I, 2; 7, 8, I; I, 2, 8; 8, 10, 9). In a hot 
climate like Ceylon, a fall of less than 4 inches in a month is 
practically negligible, so that there is really It long drought from 
January to September, broken only by the April rains, l}1ld the 
flora is of the dry-forest type, with comparatively fe,.. spe~ies 
in common with Kandy, only about 90 miles away. C8.~cutta, 
on the edge of the tropics, with a hot sun, and a rainfall of 
66 inches, is equally a "dry" climate (rain 0-4, 1, 1'3; 2-3, 5'6, 
U'8; 13, 18'9, 10; 5-4, 0-6. 0·8). Going to the other and d~r 
hemisphere, at Rio ~e Janeiro, also on the edge of the tropics, 
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one finds a place with only 40 inches of rainfaU (5,'4, 5; 4, 4, 2; 
2, 2, 2; 3, 4, 5) which shows as mu~h of the characth of rain
forest and a wet climate a. ... does Kandv with 82 inches..t Evi~ 
dently the distribution of the rainfall, ~nd of the h'Umidity of 
the air, which largely goes with it, is of much gr~ater importance 
than the actual total. Rio, with 40 inches. is better suited to 
plants needing a moist climate than CherrapUllji with 470; its 
sun i:-. 110t so hot as that of tropical Asia, and its season of less 
rainfall ('oincid('s "rith th(> weakcr sun of June-September. 

Change of distrihntion of rainfall, if at all sudden, usually 
coincides with the presence of' a mountain chain. The presence 
of the mountains may alter the periodicity of the rain, as in 
Ceylon (aboYe), when the only plants that can cross the boundary 
will be those that can alter their periodicity; or it may completely 
alter the rainfall, as in the case of the Andes. where the flora is 
very markedly different 011 the two sjdes. Gradual change, On 

the other hand. will usually accompany gradual change of rain
fall. Change of dampness of air, again, if permanent between 
one place and another, will involve differf'nces in the plants in 
their reactions to Jnoisture, and some will be more drought
r('sistant than others. 

Change of temperature is usually of a more permanent, or 
regularly recurring nature, especially in the tropics. At Colombo 
in Ceylon, for example, the rnaxiululll is usually about 88° F., 
the minimum about 75°, all the year round, except for a small 
increase from lo'ebruary to May. At Rio. on the edge of the 
tropics, there is mOTe range, from say 98° absolute nlaximum 
in summer to 52° absolute mininllllll in winter, and at Nuwara 
Eliya (elevation 6000 feet) in Ceylon the absolute maxima and 
nlillima are about 81 0 and 28°, with much greater daily ranges 
in dry than in wet weather. The farther olle goes from the 
equator, or the higher in the mountains, the greater the range 
011 the whole, whether annual or diurnal, and the range is 
also greater the farther one goes inland from the sea. The 
extreme variation of alI is reached by going both north and 
inland,. to the centre of northern Siberia, where it may touch 
800' in lij,unmer, and - 600 in winter. 

Mol}' rapid change of temperature is experienced in ascending 
a mountain, the mean falling about 8-4,0 F. for every 1000 feet 
of ascent. Correlated with this is the rapid change of the com
po~rton of the flora, as compared with the change experienced 
in going north or south at the same level,and under the same 
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conditions. The plants in the moulltain gJlrdell ill Ceyloll are 
very diffetent from those in the gardens in the Hlow" country, 
not f~om any special wish to keep the collections ,iistinct, but 
from the ~reat permanent difference of 20° (F.) in the mean 
temperature, though the highest and lowest of both stations may 
easily be reached in the same day at the same place in Europe 
or North America. 

Every function in ('"cry plant has a tClnperature (the mini~ 
mmn) below which it will not go on, a temperature (optimum) 
at which it will oeo;;t go on, and a third (maximum) ab()\'e which 
it ceases. As th('~c differ for every species, ont' kind of climate 
will suit one, and not another, though there is no doubt that 
speci,·s may become acclimatised (cf, Chapter IV). If the "x
tremes of tenlperatUl"c come at a season when the functiolls 
concerned are not being performed. they may be easily withR 
stood, as for instance the great cold of winter in North Siberia, 
\vhich does not kill the conifers there. Extreme cold. when un~ 
seasonable, docs at times kill out species, but the loss is usually 
reco\'crable, especially as it is only necessary for the plant to 
regain a foothold ill societies of plants of which it has already 
been a member. 

Lighl, agaiu, changes too gradually from place to place for it 
to be supposed that it has any appreciable effect in opposing 
a barrier to any .species. Species from one part of the equatorial 
tropics do just as well in another part with much less intense 
light, or vice versa. It is in general only in descending into deep 
water that there is any great change in light over a large area, 
and even there some plants are found below the limits of darkness. 

Ul ind is chiefly of importance in an indirect manner~ according 
to whether it is wet or dry, and according to its direction in 
reference to that of the mountains, but if very strollg, it may 
alter or prevent the growth of some species. On the west coast 
of Britain one may often see trees blown into 8. olle-sided type 
of growth, and a little more wind would prevent their growth 
altogether. A cyclone may uproot so many trees that it may 
render passage through a country possible for herbs which can 
quickly seize upon the vacant spots before the growtr of >the 
forest once more suppresses them, 
. Though climatic differences are thus of such enormo"s im

portance one must be careful not to say of any species that it 
has certainly reached its climatic limit, when one has repd to 
the very slow and gradual acclimatisation that is practised 'by . 
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nature. If one carried seed .• of Hudrocot!lle asiaticll (p. 80) from 
Ceylon to the south of New Zealand, and planted them there. 
they would probably refuse to grow, yet nature has graqually 
acclimatised the species to both regions. Many s~ies range 
4000-8000 feet vertically in the Himalaya; seeds from the higher 
levels produce plants milch more at home in Europe than seeds 
from the lower levels, and might spread much more rapidly in 
cooler climates than the latter. Tmvel mav be much slower in 
a vertical direction, where conditions change comparatively 
rapidly, than in a horizontal. 

1<'inally, We must go on to consider what are probably the 
most important positive causes favouring or hindering species 
in their dispersal; barriers are obviously negative. These causes 
may also he classed in general as ecological, depending on 
some peculiarity inherent in the plant itself, often described as 
being an "adaptation" to something or other. We have already 
considered in Chapter II one of the most important of these 
-the method of dispersal of the plant-and must now go on 
to deal briefly "ith thc others. In my published papers I have 
perhaps not allowed enough for ecological barriers, but I am 
not sure that they are sufficiently permanent to do more than 
delay spread, rarely to completely stop it. 

Take, for example, the wide differences seen between trees, 
shrubs, and herbs. The flora of the wetter tropical and southern 
regions of the globe, and of large portions of the north, prior to 
the great clearances made by man in recent times, consisted 
mainly of trees. These had, it is true, more or less of herbaceous 
undergrowth, but there was comparatively little open country 
e<lvered with herbs ~uited to .. life exposing them to the sun <md 
the wind. Even in much of Europe, Asia, and North America, 
that is now covered with herbaceous or shrubby vegetation, 
there appears to have been forest over a great part of the country 
during Tertiary times. 

It used to he generally supposed that the Angiosperms com
menced as herbs and that trees were a later development, but 
this view is now usually reversed, and the herbaceous form is 
looked 'upon as the younger. The change of view dates largely 
from a paper by Sinnott and Bailey (99) in which they marshal 
the evfdence from palaeobotany, anatomy, phylogeny, and ge0-

graphical distribution, etc., showing that it all points in the 
same,direction, to the conclusion that herbs on the whole are 
the'younger form of vegetation. 
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Now this cfJnclusion, taken just as it stands, is open to exactly 
the same ,bjections to which, as we shall presently see, Age and 
Area is subject. One must not say that all trees are older than 
all herbs, qr that such or such a tree is older (i.e. as a species) 
than such or such a herb. One must work with averages of 
species, and keep to the same circle of affinity. One may with 
reasonable safety say that ten allied herbs, belonging say to the 
family Leguminosae, are on the whole probably younger (i.e. as 
independent species) than ten allied trees belonging to the same 
family, but one cannot say with any approach to certainty, if 
even of probahility, that ten herbact'ous species of Piperaceae 
are younger than ten woody Proteaceae. 

Bu!., in general, there is little doubt that the bulk of the 
chiefly herbaceous families. like Compositae or Cnlciferae, has 
developed in eomparatively reeent times, while th,' bulk of the 
chiefly woody families, like Euphorbiaceae or Rllbiaccae, is 
probably very old. It must be clearly understood, however, 
that this is not saying that the families Compositae and Cru
eiferae are younger than the Euphorbiaeeae or Rubiaceae, but 
that the great development of the herbaceous type has probably 
taken plaee sinee the glacial period, the gradual desiccation of' 
elimate, and other causes, have rendered vast spaces of country, 
which were formerly largely covered with forest, available for 
the growth of herbs of open ground. 

So long as a region is covered with forest, no herba-ceous vege .. 
tation can succeed that cannot live in the shade, or (in the case 
of deciduous forest) vegetate before the leaves of the trees have 
grown so much as to make the shade too deep. There is little 
evidence to show that herbaceous vegetation can actually invade 
and replace forest without assistance from desieeation of the 
climate, or from man or animals, but a good deal to show that 
the reverse may happen, and that f{Jrest may overwhelm and 
, replace herbaceous vegetation. 

Another point that must not be forgotten is that" trees" as 
a whole have not descended from a single tree ancestor. The 
group is extremely polyphyletic, i.e. its members have arisen 
independently from many different and often unrelat&l an
cestors. Within the same genus one often finds trees or ~hrubs, 
and herbs, e.g. in Solanum, Hypericum, Euphorbia, S~, 
Pkyllantkus, Ficus, Urlica, ete. It i. evident that for nature to 
fonn a tree from a herb or shrub, or vice ver8a, is not a spedally 
,difficult or unusual feat. -
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But we must go on to consider the advantagd' or disadvan
tag-es in the matter of spreading ahout the world that",rise from 
herbaceous or woody nature. It is clear that a herb will in Iteneral 
go throllg-h its g-enerations more rapidly than a sh~b. and still 
more quickly than a tree. A herb producing seed in its first 
year may get three or more generations, and as many chances 
of di ... persal, whilst a shrub, starting' at the saIne time, is getting 
one, and may gl't from ten to thirty for the single opportnnity 
offered to a tree. It is thus evident in the first place that the 
chance of rapid dispersal to a distance is much greater for the 
herb. and in the second that the chance of fonning a ne'Y species,. 
by whatever method it may he evolved, is also much greater in 
a given time. 

It must, howen:r. be clearly understood that dispersal is 
chiefly conditioned bv tbc barriers which haw alreadv been dis
cussed. Though the Compositae, for example, develdped into a 
herbaceous type. and though they developed a firstrate mechan
ism for dispersal. they would not be so widespread and abundant 
to-da~' wen- it not that the north temperate regions of the world 
were largely cleared of forest by the ice in the glacial period, that 
large areas hecanle more open on account of desiccation of 
climate, and that they were enabled to spread widely by the 
development" often in cOluparativc1y recent periods, of the great 
mountain chains which form an almost continuous track leading 
over a very great proportion of the world, upon which they were 
able to move above the limit of the forest. and often aided by 
the formation of Jandslips (1'. 37). One call clearly see that had 
the world remained comparatively flat, and covered by forest, 
to the present time, the Compositae to-day might be little more 
widespread and abundant than say the Dipsacaeeae. 

One may thus point to the development of herbaceous habit, 
with the capability of living in open ground exposed to the sun, 
as an ecological feature which has made possible the compara
tively rapid and extensive spread of certain families, the spread 
being accompanied by a correspondingly rapid development of 
new forms, whether species or genera. But that rapid and wide 
sp'rea~ was only rendered possible by the incoming of certain 
physical conditions to which these plants proved suited. It is 
quitcl' possible, if not probable, that these families, and even the 
herbaceous type suited to open ground, are really very ancient, 
but#were confined to small localities, and never able to spread 
~dely, till the new conditions rendered it possible. There is 
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reason to believe that given sufficient time, and no interferenee 
by man, lorest would once more replace the open herbaceous 
vegetation of the damper parts of the globe . 

. Other t¥pes of habit may have entirely different effects upon 
spread. Water plants can obviously only spread so long and so 
far as there is water available (leaving out of account in this 
place all negative factors like barriers of temperature, etc., 
already considered above), parasites can only spread with their 
hosts, saprophytes only with the presence of the necessary pro
ducts of decay in which they live, epiphytes with the prescnce 
of sufficient moisture. etc. Halophytes can spread where,'er the 
blTOund is sufficiently salt, ulangrovcs where it is muddy and 
covered by a quiet sea at high water. Climbers as a rule can 
only go where there are plants sufliciently tall upon which to 
climb. Xerophytes or plants of dry climates, once formed, will 
b. able to advance into dry country until the drought becomes 
too great for them to survive, and so on. 

So long as a plant remains of average (mesophytic) type, 
suited to an average damp climate and good water supply, it 
may have an enormous territory possible of occupation if only 
no barriers interfere, while a plant that becomes very specialised 
in these res,Pects may be limited in its capacity for spreading to 
little more than the small area upon which it commenced. As 
Thiselton Dyer says (94, p. 311), "The Nemesis of a high degrec 
of protected specialisation is the loss of adaptability." 

General evidence seem., to indicate that it is not improbable 
that in the Tertiary period the world as a whole was better 
suited to mesophytic vegetation than at present, and hence it 
is not unlikely that the earlier species not only gained in the 
mechanical way described on p. 34, but also found fewer 
barriers to their spread. Later formed species, on the other 
hand, as they could not survive if not exactly suited to the con
ditions in which they were evolved, would be increasingly likely 
to find themselves with climatic or other ecological barriers to 
further spread at no great distance away. A progressive speciali
sation of climate and other factors seems to have been going on 
in the world since the Tertiary period, the comparatively'damp 
and uniform climates of the latter being replaced by every 
variety from very damp to very dry. Henee the more It!cent 
sPecies tend to become more and more specialised to match the 
climates. To quote Guppy, "when one finds Salsola Kali IIpon 
the Devonshire coast, upon a Chile beach, and upon the uplaillis 

W.A. 
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of Tibet, one can hardly doubt that here a very am.-ient type of 
plant finds its still more ancient conditions of existepee." On 
the other hand, many species of very local range seem to be 
suited to very local conditions, and more or less inppaole of 
further spread without further modification. Some Utricularias 
in South Brazil, for example, are specialised to grow in Bromeliad 
pitchers, and can only go where those exist. Copeland (18) 
mentions the case of StenochJaerw; areolaris, whieh is epiphytic 
Oil Pandanus utilis.nmus only, and confined therefore to places 
where that grows. It seems not impossible that some 1Ifesemlny
anthemums in South Africa are specialised to suit the exact 
climate ill which they grow, and are thus rigidly localised. 

It is thus highly probable that at times very local species may 
in reality be mnch older tban from the area occupied one would 
be inclined to think. This, however, does not affcct the soundness 
of the hypothesis of Age and Area to be advanced below, but 
merely goes to show that ecological barriers may often be very 
effectual. 

An ecological factor which is of the greatest importance to 
a commencing species is the type of vegetation into which 
it is born. In the natural state of the vegetation of a country, 
the ground in any place is covered with an assortment of plants 
which is found to be fairly constant in its composition so IOllg 
as the general conditions are much the same. This assortment 
is termed a plant society or association, and upon the chalk 
downs, for example, or the moors of Yorkshire, one finds much 
the same society, made up of much the same proportions of its 
various members, in places far removed from one another. Con
sequently, if a new species is evolved at a given place, and can
not enter the society that exists there, it will die out again by 
the simple action of natural selection. The instant that it is 
produced, it will have to undergo a strenuous struggle for exist
ence, but if it pass successfully through that, it may succeed, 
and may spread with the society which it has entered, and 
ultimately also enter other societies. 

As the number of plants, and their variety, in any society, 
increases, the entrance of a newcomer probably becomes in
creasingly difficult. The society is said to be in progress from 
an ~'6pen" condition to a "closed" one. But as Clements has 
said, a society is never in a state of stable equilibrium, and 
th011gh one may regard it as perfectly closed, it may yet be able 
W· admit new members. The most conspicuous plant upon the 
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chalk down! south of Cambridge is Festuca avina. Suppose, 
however, \that this plant in its dispersal had not yet reaehed the 
downs. They would, none the less, be covered by a society of 
plants which might be very numerous, and which we might 
think closed. Yet when the fescue appeared, there can be little 
doubt that it would soon secure a foothold. 

An association of plants ultimately passes its zenith, and be· 
comes gradually superseded by another, the process being knom) 
as succession (16). "The pine ... gave place at length to the oak, 
and the oak ... yielded in its turn to the beech, the periods when 
these three forest trees predominated in succession tallying 
pretty nearly with the ages of stone, bronze, and iron in Den
mark" (68, p. 372). 

The more closed an association is, probably so much the more 
difficult will a newcomer find it to obtain any foothold, and b~' 
so much will its dispersal be retarded. One will expect that 
most newcomers will find it quite impossible to gain a footing 
at all, but that every now and then (as in the case of Elodea, the 
famous H American water-weed'1 of the last generation, which 
spread so rapidly through the waters of Western Europe, though 
only the female plant was introduced) one will do so, and will 
spread, more especially to those places which the a.ssociation 
concerned already reaches. 

In many instances, of course, a plant in its travels will come 
across a type of vegetatiOl, into which it cannot spread at all, 
and which may thus, if broad and wide enough, form a complete 
barrier. If an ordinary herb, accustomed to a good water supply, 
and to life in the open sunshine, comes across a stretch of 
country which is either a forest or a desert, it will he held up 
in this manner, and whether it can cross will depend upon its 
mechanism for dispersal, upon the width of the barrier, and 
upon other factors. Forest trees arriving at a desert will un· 
doubtedly be stopped, but when they meet a herbaceous asso· 
ciation, in a country where the rainfall is sufficient, will probably 
spread at the expense of the herbs, and cover previously open 
ground with trees. One may see this going on at the edie of a 
pine wood, or on any small clearing made by a peas9Jlt in a 
tropical forest. There is little evidence for the occurrence of the 
reverse process, without the aid of desiccation of the clim'ate or 
something of the kind. 

Changes of conditions will make great differences to the "'ate, 
or even to the possi~ility, of spread, often by the effects th~y 

_2 



52 CAUSES WHICH FAVOUR OR [PT. r 

produce upon the composition of the plant societies"that occupy 
the ground. }'arrow's work upon the changes in ilhe plant 
societies upon Cavenham hcath (36) made by the exclusion of 
rabbits may be quoted as an example. A new disease may arrive 
in a district, and a plant that was previously very common may 
faU an easy prey to it; the more common it is the more likely is 
it to suffer badly. 

From a general distribution point of view, of course, geo
logical changes, with the changes that they cause in climates, in 
barriers of sea or mountain, and the like, are bv far the most 
important in this connection. They have been so 'fully discussed 
in geological books that there is no need to enlarge upon them 
in this place. 

In this connection we Dlust briefly mention the action of man, 
which in recent times has become by far the greatest help or 
hindrance to dispersal, though in tbe consideration of Age and 
Area we have endeavoured to deal with the vegetation as much 
as possible as it was before his interference. By clearing of 
forest, opening of roads, making fires, cultivating the ground, 
introducing grazing animals, carrying seeds, voluntarily or in
voluntarily. about the world, and in many other ways, man has 
made, and is nlaking, the most ellonnous differences in the 
vegetation of the globe, sometimes favouring the spread of a 
spf'cies, sometinles retarding it, sometimes destroying a species 
in whole or in part. 

Other features, again. must be considered, which would hardly 
come under any of these heads, and yet which may make a great 
difference in the actual spreading of species. Suppose a country, 
comparatively empty of species, united to another by a broad 
belt of land, which is gradually sinking. Then the first species to 
arrive across it may reach almost the whole country at once, 
while later ones may only reach the centre, and require to take 
an immense period to spread about. 

SUMMARY 

As ~. rule, a new plant of a given species springs up not far 
from itr parent, so that transport is at most a few yards. Even 
if a species only travelled a yard a year, it might in a million 
years (a mere detail in geological time) travel from London to 
the Shetlands, Dresden, and the Pyrenees, or on an open plain 
mjgl'lt cover a million square miles. The whole surface of the 
gloh~ might be covered in less time than i~ is now supposed has 
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elapsed sinci, the Eocene period-a portion only of the time 
during ""'ieh the flowering plants have existed. It is clear that 
delay, and not acceleration, of spread has been the ruk. 

The various barriers that species may meet with arc then con, 
sidered. first those purely physical. such as seas or mounta.ins, 
then those due to change of dimatic factors from place tD pla<x" 
which are partly physical. partly depend upon the constit.ution 
of the plant, and lastly barriers (or at. times aids to dispersal) 
depending upon the type of vegetation into which a plant may 
try to intrude. such as forest or open grassland. or various 
associations of plants, some of which may suit it and some not. 
A herb. for example, may spread ten times as rapidly as a tree. 
The effects of specialisation in structure and function ar(' also 
pointed out; the more specialised a plant becomes, the morC' 
limited its possible range. 

The general impression which I have tried to convey in this 
and preceding chapters is, that until man began to interfere 
upon the large scale with cultivation, war. and clearing. the 
dispersal of plants from one place to another must have heen a 
matter of the most cxtrenle slowness. 



CHAPTER VI 

AGE AND AREA 

'rliE hypothesis which I have termed (123) Age and Area is not 
a sllddcn discovery, but has grown up in my mind during a period 
of about twenty years of work, in the stndy more especially of 
the flora of Ceylon and its neighbouring countries. It will per
haps prove of interest, therefore, to sketch this gradual develop
ment, enlarging for the pllrpose a short account recently pub
lished (135). 

Going ont to Ceylon in 1896, and remaining there till 1911, 
I had constant occasion to refer to the volumes of Trimen's 
Flora (37). There I gradually found, somewhat to my surprise, 
that the many species which are confined to that country (en
demic to the island) were usually confined also to small areas 
within it. Now at that time I held the view, then very usual, 
that these endemics were specially adapted to the local con
ditions, and it seemed very remarkable that they should be so 
rare in those very conditions. If they were specially adapted 
to Ceylon, therefore, it could hardly be to the general conditions 
of the island (whatever those might be), but mllst be to strictly 
local conditions within its area. Now this was tl,e explanation 
that was usually applied to the very numerous species that were 
endemic in such regions as West Australia or South Africa, and 
it was therefore clear that there were no differences between the 
endemics of an island and those of the mainland, and that any 
explanation that fitted the one would fit the other. 

Still more remarkable, therefore, did the facts appear, when 
I gradually began to study in greater detail the local distribu
tion of the endemics, and found that they were not, as a rule, 
confined each to one spot or small region characterised by some 
special local peculiarity in conditions. Had this heen the case, 
they might have been supposed to have been evolved to suit 
such sP'?ts, which in actual fact might he found without any 
local species upon them. 

ColeUs elongatus, for example, was confined to the summit of 
Ritigala Peak (1'. 14), a minute area, and was found nowhere 
else ill the world; but C. injWtus, another endemic species, was 
oontmon all over the high mountain regions of the island. C. 
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maJaharicus also occurred there, but was foU11d in the plains 
too, and tn the mountains of South India, while C. barbatus, the 
remaining Ceylon species of this genus, covered the range of 
C. ma1aMricus, and also occu~red almost throughout tropical 
Asia and Africa. It seemed hard to believe, when one could not 
sec in plants like these four Colei any characters whatsoever 
that one could point to as advantageous or as disadvantageous, 
that there should exist internal characters so distinct and 
different as would enahle C. barbatus to cover so enormous an 
area, and C. malabariCWJ a smaJle~ hut still large one, while 
keeping C. inflatus confined to the Ceylon mountains, and C. 
elongatus to a few square yards on the peak of Ritigala. No 
differences in efficiency of the dispersal "mechanism" could 
account for the differences in area covered hy these allied species 
of the same genus. 

This question of areas occupied roused my interest, and a 
little study soon showed that species, endemic or not, occupied 
every conceivable area, from a few squa.e yards to a large part 
of the surface of the globe (the" area" being determined by the 
outlying stations, evell if the plant be absent from the area, or 
part of the area, bet ween them). On the older view that dis
t~ibution was chiefly determined by de~ee of adaptation to 
conditions, it had come to be more or less unconsciously' sup
posed that species were divided into a comparatively few" SllC

cessful" species, covering large areas, and a great number of 
'" unsuccessful" . covering small. This view proved to be a very 
inadequate explanation of the very striking facts of distribution 
that have just beeu outlined above. We shall return to this 
subject again under Endemism. 

Of the 809 species of flowering plants endemic to Ceylon, less 
than 200 Were confined to what one might, by a stretch of the 
imagination, regard as single spots, and about half of these 
occurred upon the tops of single mountains or small groups of 
mountains (121). On the summit of Nillowe-k8.nda, for example, 
which is a mere precipitous rock, there are found, and there 
only, Acratrema lyratum, StemolWporus reticu1.atus, an9- Ochna 
rufescens; on Ritigala (p. 14) three species, on Hinid_n-kanda 
(another somewhat isolated mountain) three, on Adam~s Peak 
'ten, one of which extends into a valley 2000 feet below; and so 
on. Evidently the investigation of areas occupied bid fair to 
furnish interesting information, and I devoted much at~npon 
to it. A careful st~y of the remaining three-quarters of the 
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endemics showed that they were found upon areas of various 
sizes up to the full extent of the dry or the wet zone ~f Ceylon, 
or morc rarely of both, but that the numbers grew smaller as 
one went lip the scale toward the larger areas. Trilhen in his 
Flora. had rendered yeoman service to the student of areas, by 
attaching to every sp('cies a note to the effect that it was Very 
Common (YC), Common (C), Rather Common (RC), Rather 
Rare (HR), Rare (R), or Very Rare (YR). A study of the 
){)(,:1Jit;p-,. in which !-:Ipccies had beel} found showed that as a rule, 
though with a good many exceptions, a VR species occurred in 

one place only, or two close together, R in an area about 10-80 
miles across, RR in one 30--60 miles across, and RC and C in 
areas larger yet, while YC referred rather to unusual common
ness on areas represented by C. 

The three diagrams here reproduced give the ranges of a 
number of the earlier endemic species in Trimen's Flora of 
Ceylon"belonging to the classes YR, R, and RR. The VR species 
are, it will be seen, usually well localised, though a few (5 in the 
diagraVl) haye been recorded from two widely separated localities, 
joined by a wary line. The R and the RR species, however, 
cover areas that overlap one another in every possible way, and 
loo~ <!bmething like the rings in a shirt of chs.in ms.il. Nowhere 
do the areas occupied by two endemic s~es coincide, ej(cept 
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(approximately) in the case of a few VR species. whi~h orenr 
together <!ill the same mountain-top. The VR species that oc~nr 
in the large forests haw each their own location. 1\ow a littl" 
consideratilm will soon show that from the point of yiew of 
evolution to suit local conditious this is a vcry renlarkable state 
of affairs. It is of course obdotls that if a sp~i('s newly evolved 
upon a small an>a docb not sllit the conditions that obtain upon 
that area at the time in "it'hich it u:w; el'ohlf:d. it win be promptly 
killed out; but whUp this i ... so there is no actual need to imagine 
that it was e,-oln'd specially" adapt<:-d ,. to thos(' conditions. 

If two species A and n grow in overlapping areas. both must 
be grm\'ing in the coincident portion; and what keeps A from 
growing into the rest of B's territory. alld B into A's? It hu" 
usually been insisted that it was becans(' ,/1 was adapted to its 
own territorY, and B to its own. But whell one coll!Siders that 
the conditio~~ are Ill'ver the same from one spot to the next, 
nor from one Year to the next, this would mean a most wonderful 
adaptation ii the species were not to grow into each other's 
territory, especially when one remembers the many more widely 
distributed species that Mcur in both. In reality the case is 
more complex. for there are at least a dozen overlapping at any 
Olle point, while in Ceylon the soil is essentially the same through. 
out the greater part of the island, the flora was F"'\9~ically all 
forest before the arrival of man, and the rainfall Vl:t.~:.~ vcry 
much from year to year in quantity and distribution. It was 
evident that the old ideas of particular adaptation were un
tenable. and this view was enormously strengthened by subse
quent discovery of the 'way in which species were grouped in a 
country_ 

This conclusion was confirmed by later work on the Podo
stemaceae (124), a family of water-plants of smooth rocks in 
rushing tropical and subtropical mountain streams only. Here 
there is nothing to which the many genera and species can be 
adapted, for the conditions are the same for all, and could not 
be equalled for unifonnity in a laboratory of the temperate zone. 
They grow only upon a smooth rigid substratum, from,which 
they take no food; all grow in water, and haye no ~limatic 
differences, no difference in circumambient medium, in li~ht, or 
in any other factor. And yet there have evolved many genera 
and species, with very striking and bizarre differences between 
them. Evidently it is not necessary to have 'local c~ndi· 
tions to which to be .adapted in order to ensure that evolution 
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shall go on. Cordgceps, with 60 species on insects, is a similar 
case (73). f 

Another popular theory about localised species like these 
Ceylon endemics is still strongly held, though the olle just con
sidered (local adaptation) has suffered somewhat of an eclipse 
with the gradual decay of the hypothesis of natural selection. 
Like the first, though completely at variance with it, this second 
explanation is also founded upon natural selection, but some
what less obviously. It is to the effect that species on very small 
areas arc really in process of dying out. It is evident that they 
could not have arisen by aid of natural selection upon areas so 
small. and therefore they are assumed to be moribund. This 
hypothesis is supposed to be supported by the facts of fossil 
botany, which unquestionably proves that many species have 
existed in the past and no longer occur in the world to-day. 
There is, however, nothing to show that the two eases are paral
lel, exeept in a few instances where there is good evidence that 
the pr('sent existing species once covered a much larger area. It 
was simply assumed that such a species as Colem elongat,,", had 
once occupied more ground. 

Like the previous theory, however, this explanation breaks 
down when applied to the very striking facts of the distribution 
of endemics in Ceylon. How can species be dying out in a ehain
mail pattern, like the R and RR species given in the diagrams 
above? And why were there so many more with the smallest 
areas (VR) than with areas not quite so small (R and RR)? Had 
one arrived in Ceylon just in time to see thc disappearance of 
a considerable flora? Was the dying-out becoming less and less, 
and if so, why? This graduation of the areas of endemic species 
from many small to few large was a most difficult point indeed 
to explain upon this supposition of dying-out, just as it had been 
for the theory of local adaptation. 

Again, why did so many of the" very rare" endemics choose 
mountain-tops as a last resort? There were many widely dis
tributed species, with very restricted areas in Ceylon, but these 
did nqt choose such places, and why did they not? The" dying
out" ""planation supposes endemics to have ascended moun
tains ,as the last refuge from the invading flora of the plains, but 
in such a small and uniform country as the wet zone of Ceylon 
it is hardly possible to suppose that there was, for example, a 
seplb-ate Eugenia at every few miles; whilst some of the moun
tains with endemic Eugen.ias did not even, rise directly from the 
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plains, but from a high plateau. And why did the endemics 
climb right to the stunmits of the hills? One would have ex
peeted to find them at varying heights, pursued, so to speak, 
by the widely distributed speeies before whose ouslaught they 
were dying-out, instead of finding, as is not infrequently the 
case, a great gap in elevation between the two. It suggests an 
lmnecessary degree of alarm about the coming competition, and 
further suggests that they are not so incapable of adaptation to 
new conditions of life that they need fear it. If they can undergo 
the great adaptive changes necessary to reach a summit of 5000 
feet or more, they must have a very fair capacity for modifica
tion, and should be able to hold their own against the intruders. 
Queries like these might be put by the dozen (t3t, p. 351, and 
p. 88, below), and the explanation now under consideration 
could give no answer. Clearly the theory of dying·out was as 
untenable as that of local adaptation, so far as the Ceylon 
endemics were concerned. There is no doubt that a considerable 
number of species here and there, especially within the range of 
the glacial periods, may be looked upon as dying-out, or some
times as locally adapted, but thcse are comparatively few and 
far between, and the mass of local endemics, particularly in the 
tropics, cannot be looked upon as coming within these cate
gories. 

Just before leaving Ceylon I published a Catalogue of the 
fiora (tt5), which rendered the task of enumerating the species 
with their distribution a much simpler affair, and on reaching 
ilio I began this work. Dividing the species into three groups
those endemic to Ceylon, those found in Ceylon and Peninsular 
India (cut off by a line from Calcutta to the north of Bombay), 
and those with wider distribution abroad than this-l found 
that the endemics were (VC 19), C 90, RC 189, RR 136, R 192, 
VR 233, increasing fairly steadily from top to bottom of the list. 

Examining the distribution in Ceylon of the species (which I 
termed "wides" for short) that occurred outside the island to 
a greater distance than merely into the peninsula of southern 
India, it was found that the areas they occupied in the ,island 
went in the reverse order, being (VC 221), C 462, RC 8J8, RR 
209, R 159, VR 1440 . 

. If now, leaving out of account the somewhat uncertarn VC 
class (its greater uncertainty is largely due, as already explained, 
to the fact that it is not based on aetual area occupied h we 
number the other classes 1 to 5 (i.e. by degree of rarity, not or . 
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frequency), then the number I attached to a species will mean 
that it has the maximum, the number 5 the minimury., dispersal 
in Ceylon. And we can lind the average distribution of a group, 
whether Ceylon endemics or widely distributed, by multiplying 
th,' number under each head from I to 5 by the number of that 
head, adding "1' all the marks thus obtai;lCd, and dividing by 
tIl<: total number of species. Thus we obtain: 

Class 
I.e 
2, He 
8, HH 
4, H 
5, VR 

Endemic species 
~ 

No. (If 
Sl)('cics 
110,1 

]3{) x 2 
]36 >.-3 
192 :><4 
2:m x.'i 

:\larks 
fI() 

278 
40S 
7118 

]1(15 

Total 790 2709 

A verag(' rarity represented by 3'4 

'Vide)v dis
ttibutccf 8peci(~s 
~ 

No. of 
species 
462 x] 

ala )(2 
209 >::8 
IS!) ><4 
144 x5 

]287 

!'-IarkK 
462 
621i 
(j27 
63(1 
720 

3071 

2,3 

N ow the actual number of species under each of these heads 
in the whole flora is (VC 285), C 670, RC 555, RR 429, R 415, 
VR 455. If we take the average rarity of the last five classes, 
we find it to be just over 2-7. The average rarity of an endemic 
we have seen to be 3'4, and of a wide 2'3, while the remaining 
species, which are endemic to Ceylon and South India, show a 
rarity of 2'7, the same as the whole flora. The difference of l' 1 
in average rarity between wides and endemics represents over 
a quarter of that between the most and the least widely dis
tributed species (1 and 5, difference 4). In other words, the 
most widely distributed species in Ceylon, on the average, are 
those that show a distribution abroad to a greater distance than 
merely to Peninsular India; then follow those that reach the 
peninsula, and the least widely distributed are those that arc 
found in Ceylon only. Taking the estimates of actual area given 
above for the different classes, the differences actually found 
indicate that an endemic has an average area about 40 miles 
in diameter, a "wide" one of 80 nliles, or four times as large. 

A c4,rsory examination of other floras soon showed that their 
species behaved in the same way, occupying areas of all sizes, 
overlapping in the same manner, and with their endemilOS 
occupying areas from many small up to few large, and the wides 
the .. everse. At the same time, the figures for the Ceylon lIora 
indicated clearly that this graduation of areas, wides largest, 
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Ceylon-Penins~llar-India next, Ceylon endemics least, showed 
not only f~r the grand total, but also for every family of 14 or 
more species. It was clear that anyone group of allied species 
behaved liJ.e any other group, and it was therefore obvious that 
nothing but a mechanical explanation would serve. Natural 
sc}ection ('ould not act on all plants alikt,_~ with ("ven pressure. 
The only possible mechanical explanation secrned to me to be 
age, which would almost necessarily act alike Ilpon all. If one 
supposed the" wides .. to be (on the average) the oldest, and to 
have been the first arriyals in Ceylon, they were thus allowed 
sullicient time to spread to the largest extent, On the way, thcy 
would give risc, perhaps ~omcwhere south of the middle of the 
peninsula. to the species now found in Ceylon and Peninsular 
India; these would be next oldest. and would spread in Ccylon 
to the ~c{'.ond dpgrcc of distribution. The Ceylon endclnics would 
arise in Ceylon, and on the whole probably later still, from one, 
or more likely hoth, of these groups, and being the youngest, 
would have spread the least. It scemcd to me that I was at 
last provided with a simpk and fea,sible explanation of the dis
tribution of species, though it involved a great break with the 
older ideas, inasmuch as it indicated that the Ceylon species 
were confined to Ceylon simply because they had been too young 
to have had time to spread abroad. 

It is clear, of course, that age in itself can effect nothing, but 
it allows tinle for thr various factors that are active in distI'ibu~ 
tion to produce their effects. The mechanical regularity of the 
figures given above demands a mechanical explanation, and the 
ouly possible-one seems to be that age is mainly responsible for 
the distribution, or in other word~;, that the "anous factors that 
are operative produce an average or resultant effect-so much 
dispersal in so much time. Dispersal therefore becomes a measure 
of age, except in so far as barriers, physical or ecological, inter .. 
fere. Distribution is very slow, and probably the vast majority 
of species have not yet reached the limits that they might reach, 
if sufficient tinw \\'ere allowed. 

The greatest change from the older view of matters, however t 
consists in the fact that since one can uo longer accept' either 
the view of local adaptation or that of relic nature, for t~e great 
majority of local species, and as these show definite nunferieal 
relationships to those of wider distribution that occur beside 
them, one must regard the two classes as related. But as .. rea 
goes with age, the endemics must be the younger, and mlfst 
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therefore be looked upon as in general descende... •• _ .•• che wides. 
and as young species just commencing their careers. 

I called this hypothesis, that on the average the a.re'a occupied 
by species in a country depended upon their age within that 
L'Ountry. by the convenient jingle of" Age and Area" (123, p. 881, 
footnote), and from the vcry first I was careful to point out that 
this result was only true when averages of about 15 allied s-pecies 
were taken. People, however, have nearly always insisted upon 
applying the rnle to individual cases, and then complaining that 
it docs not fit the facts. In regard to the facts that have just 
been discussed, for example, they say "there are many VC 
endemics, and a lot ofVR wides, so it must be wrong." AsimpJe 
illustration will perhaps make my position more clear. 

Suppose that fivewides are approaching Ceylon (then attached 
to the mainland), spreading at a uniform speed, and let the dis
tance from the foremost of A to the foremost of B be represented 
by 2, that from B to C by 2 also, and so on. Then A will reach 
Ceylon first, and when B reaches the island A will occupy there 
a space represented by 2. When C arrives A will occupy 4, and 
B 2. Ultimately they will occupy spaces represented by 10, 8, 
6, 4, and 2. Now let each give rise in South India to another 
species «, /3, y, 0, €, each always at a distance behind its parent 
represented hy 2. Then a will arrive in Ceylon simultaneously 
with B, {J with C, and so on, and these Ceylon-Peninsular-Indian 
species will ultimately occupy areas represented by 8. 6, 4, 2, 
and O. And if, lastly, each species, when it has reached a dis
tribution in Ceylon represented by 2, gives rise to a Ceylon 
endemic, then if we subtract 2 from the figures of distribution 
of all the preceding species, we shall get the distribution of the 
endemics. This will be, for the endemics derived from the wides, 
8, 6, 4, 2, -, and for those derived from the Ceylon-Peninsular
Indian species 6, 4, 2, -, -. 

Now the most widely distributed endemic, derived from A, 
the first wide to arrive, will have a range of 8, while three out 
of five of the wides, and three out of four of the Ceylon-Penin
sular-Indian species will have ranges of 6, 4, or 2, conSiderably 
less. If, one attempt to apply the rule to individual cases, it is 
at once liable to break down. But if we add up the dispersal of 
all tll.e wides, and divide by the total of species, we get 
(10 + 8 + 6 + 4 + 2 ~) 80 -;. 5 ~ 6 as the average range of a 
widtl; 20 -;. 4 ~ 5 as the average range of a Ceylon-Peninsnlar
In'dian species. and 82 -;. 1 = 4'5 as the average range of an 
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endemic, figures which obviously agree with the rule. If ont' 
take the figures in groups, one may safely say that the wides 
will range 'ihe most, the endemics the least. 

In the s~e way, one must work, not only with groups of 
species, but with groups of allied species, which will have more 
.>r less the same dispersal-mechanisms and the same reactions 
to thdr surroundings. If A, D, C be three species with ,,~de 
separation in relationship, and great differences between them 
in regard to habit, dispersal. method, or other things, their rates 
d dispersal may be entirely different, and A may travel ten 
times as fast as C. But "~th a group of ten allied spedes One 
will be fairly safe. 

Changes of condition, again, might evidently completely alter 
the relative rates of dispersal of species, or might even stop 
some of them altogether. And we must also take account of the 
presence and action of barriers, already discussed. remembering 
that some forms may cross a barrier when it has become quite 
impassable to others. 

Age shows clearly ill the distribution figures because it always 
pulls the same way, whereas other cauSes of dispersal will either 
tend to cancel one another by pulling different ways. or more 
commonly to exert a practically uniform pllll upon " group of 
allied species, so that when two groups of allies arc compared, 
one will be able to see the relative effects of age upon either. 
In any single species its effects are liable to be completely hidden 
by those of SOffie of the other causes, just as the effcct of gravity, 
which is admittedly universal, is hidden in the case of an aero
plane, a balloon, or a moving bullet. 

The most recent expression of the rule of Age and Area so 
far published (133) is as follows: 

The area occupied l at any given time, in any given country, 
by any group of allied species at least ten in number, depends 
chiefly, so long as conditions remain reasonably constant, upon 
the ages of the species of that group in that country, but may 
be enormously modified by the presence of barriers such as seas, 
rivers, mountains, changes of climate from one region to the 
next, or other ecological boundaries, and the like, also by the 
action of man, and by other causes. 

Extensions, which will be considered below, have since.been 
given to Age and Area, which appears to be a general law cover
ing all or nearly all the plants now existing upon the globe, .aDd 

1 Determined by the most outlying stations. { .. 
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to have determined their distribution thereon, in "broad outline. 
When stated thus, it would appear to be almost a.xiomatic, but 
for a very long time the simple effects of age upon disl,ersal have 
been lost sight of, under the widely held view that vistribution 
was rapid, and that local species were either local adaptations 
or WeTr dying ouL 

The Ceylon figures gave strong evidence in favour of Age and 
Area, but confirmation of the most satisfactory kind was soon 
obtained by working out the distribution of the flora of New 
Zealand (127), employing north and south diameters of areas 
occupied (i,e. in the direction in which the islands run), and 
obtaining the,c by actual measurement. This flora followed the 
law with great exactness, as a quotation of actual figures will 
show. 

Hang€' 
in's.Z. 
(miles) Endemics "rides 

1. RSI-I080 112 201 ., H41-880 120 77 
a. 401-640 184 53 
4. ] {_i]--4nO 190 38 
.J. ]-WO 296 301 

Further work was then carried out upon various other similar 
phenomena, fhC' conclusions already made being confiruwd by 
the Orchids of Jamaica, Callitris (3 Conifer) in Australia, and 
the !lora of the Hawaiian Islands. A study of the ferns there 
and in New Zealand also gave the same result, showing that the 
Jaw was probably quite general. 

Breakwdl (13) studied the grasses of Australia, and found 
that wlule the species of very wide distribution showed an 
average rarity there of 3, those confined to Australia and New 
Zealand or Asia showed 4'1, and those confined to Australia 
only an average rarity of 4'6, the figures agreeing exactly with 
those already given. He also found that the genera showed the 
satne thing, and that it showed in Panicum alone, while several 
of the larger genera showed a very elose agreement. 

Taylor (105--6) has studied the endemics of New York and 
of the Bahama islands, obtaining results that harmonise quite 
well "~th the general theory of Age and Area. In the latter 
case,.it was noticed that the diHerence usually seen between the 
distribution of the endemics and the wides . was not nearly so 
larg; as usual. Tbis may be due to one or more causes; it may 

1 Largely undoubted introductions of recent years. 
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be that the peculiar conditions of the Bahamas, witll their 
sterile soil and considerable droughts, suit the elld~mics"-whieh 
must havo been developed in them, and have had, as just ex
plained, a ~trenuous struggle to become established, and which, 
therefore, should be unusuallv well suited to the local conditions. 
Although th~ parent s~ie~ were able to surviv~ there, the 
endemics were probably better suited, and would therefore be 
able to overtake the former to some extent. 

SUMMARY 

Studying the flora of Cerlon, it was very soon noticed that 
there were enormous differences between the areas occupied by 
species of the same genus. some of which were endemic to the 
island, some not, and this led on to a study of area", occupied in 
general. when it was soon found that the endemic species oecu~ 
pied, on the average, the smallest areas in the island, those found 
also in Peninsular India (but not beyond) areas rather larger, 
and those that ranged beyond the peninsula the largest areas 
of all (again on the average). The two current thcories about 
endemic species-that they were local adaptations, suited to 
special local conditions, and that they were relics-proved to 
he incapable of explaining the facts when it was found, as was 
ultimately done, that the areas occnpied, both by endemics and 
by widely distributed species, were arranged in Ii graduated 
series, the first from many small to few large, the second in the 
opposite direction. It was not possible to suppose that local 
adaptation should exist in this graduated manner, nor that there 
should be many relics at the final stage of dying out, and suc
cessively fewer at all the stages leading up to that. Some 
mechanical explanation was necessary, and the only simple and 
reasonable one was that the area occupied increased with age. 
The actual quotation of the Age and Area hypothesis, as so far 
developed, is given on p. 68. 



CHAPTER VII 

AGE AND AREA (contd.). CONFIRMATION 
BY PREDICTION 

CONFIRMATION of the general idea advanced in the hypothesis 
can b~ ea.ily obtained by applying it to predict what will he 
found in certain place. 
or under certain circum
stances. Many success
ful predictions of thls 
kind have been made for 
the arca comprised by 
New Zealand and it. 
surrounding islands (the 
Kermadecs, 420 miles 
north; Chathams, 875 
miles east; and Auck· 
lands, 190 miles south). 
It will be well to instance 
a fcw of these. 

KItMTULdec JIl'."; I 
I I 
1-' 

New Zeala.nd and outlying islands. The 
dotted line is the lOOO-fathom limit. 

To begin with simple 
cases (129); from the fact 
that to the east of these 
outlying islands the 
soundings are in general 
of enormous depth, while the water between them and Ne;" 
Zealand is comparatively shallow, one may infer that their 
floras have in general the same sources of origin as that of New 
Zealand. This is indicated also by the very few species in them, 
other than their own local endemic species, which do not occur, 
in New Zealand. If they had received their flora by casual 
transport over sea, one would expect that it would be a miscel
laneous assortment, and that it would not show any numerical 
relations to the flora of the larger island. But as such relation
ships are shown very clearly one may, I think, take it for granted 
that Ibe ~'Onnection was by land, at least so far as the bulk of 
the flora of these islands is concerned. Now in thls case it is 
cleat that on the hypothesis of Age and Area, this flora should 
in' general be very old in New Zealand, or it could not have 
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reached the islands before they were cut off. In the case of the 
Chatham., more particularly, where except New Zealand there 
is no oth.? sOllIce for the flora than casual arrivals by sea, by 
currents which also run close to New Zealand, this should be 
the case. The Kermadecs must have lain fairly near to any in
coming northern current of plants, the Aucklands probably to 
any southern invasion, and both these islands therefore may 
contain plants that were too late, or only just in time, to reach 
New Zealand at all, but tills does not apply to the Chathams, 

One will therefore expect, upon the hypothesis of Age and 
Area, that while on the average all the floras of these islands will 
be old, and therefore widespread, in New Zealand, those plants 
that reach the Chathams will be the oldest, and most widespread. 
Actual examination soon shows that those plants that reach all 
three groups, and which are therefore, by hypothesis, about the 
oldest of all in New Zealand in their own circles of affinity, show 
the maximum possible range in New Zealand, ranging it from 
end to end. Three of the five are Compositae, including Lagena
ph-ora For,teri, wruch is endemic to New Zeal8Jld and the islands, 
and the others are Samol"" repens and Deyeu.ria Forsleri, In 
my papers upon New Zealand I have divided thp. plants into 
ten classes by range, instead of the six of the Ceylon flora. The 
average rarity of a plant in New Zealand, including all the flora. 
is represented by 5'6, and the rarity of these five species is repre
sented by L Those plants that reach two groups of islands, 
wruch must also, by hypothesis, be very old forms, have a rarity 
represented by an average of 1·5. Of these plants there are 16 
species in class I, 4 in class 2, and a solitary species in class 8, 
about whose identification there is some doubt, and whose in
eiusion brings the average from 1'2, at which it would otherwise 
stand, to 1·5, 

There are a great many species that reach only one group of 
islands, and these show on the average less range in New Zealand, 
hut it is very noticeable, that just as was predicted above, those 
of the Chathams show a much greater average range than those 
<Jf the Kermadecs or Aucklands. The average rarity for a species 
reaching the Chathams is represented by 1'7, and it wQuld be 
I ,5 were it not that, though there is otherwise no species below 
class 4, there is one conspicuous exception in class 9, which 
brings up the average figure. This exception is the Tainui of the 
Maoris (Poma<lerrls apeta1a), which they assert sprang from the 
rollers or skids of their invading canoe the Tainui, and which'is . 

5-2 
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only fOlllld in a short range on the north-west coast of New 
Zealand. It is fairly clear, from the marked way in which it 
forms an exception to the rule as regards distributidn of these 
island species, that this legend is probably the tmtn, and that 
this species therefore may be regarded as an introduction, and 
omitted from the indigenous tlora. Even including it. howeyer, 
the average figure for the Chatham plants is 1·7. The species 
that reach the Kennadecs show an average rarity in New Zea
land represented by 3·6, and as each 0'1 represents 12 miles in 
range, this mrans that they range New Zealand on the average 
22H miles less than the Chatham species. Their range, however, 
is still much greater than the average for the species of New 
Zealand as a whole, which is represented by 5'6, or 240 miles 
less than the Kcrmadec species. The number of species in the 
different classes ranges dowll to class 7, and in class 9 there is 
again a species which may be looked upon as an exception 
-1 potnoea palmata, which is possibly carried by sea currents. 
and may have reached both Kermadecs and New Zealand in 
this way. as they are washed, where it occurs. by the sanle 
current. 

Lastly, the species that reach the Aucklands (only) show an 
average rarity in New Zealand represented by 3'5, or practically 
the same as the range of the Kermadec species, with the lowest 
species in dass 4. The prediction as to range in New Zealand of 
the various species reaching the islands is thus fully verified, and 
this success lends great support to the hypothesis of Age and 
Area. There is no conceiyabl(~ reason why ranging to one or 
morc of these little groups of islands, and to anyone of them " 
though they differ widcly in climate and geology, should make 
a species more widespread in New Zealand than the average, 
unless it be the mere fact that to have been able to reach the 
islands at all it must have been above the average age in New 
Zealand, and thus have had more time in which to spread. 

This is confirmed by the fact that there are in New Zealand 
many species, both widely distributed (reaching Australia, etc.) 
and endemic, which do not reach the islands at all. These by 
hypothesis should be younger, each of course, as already ex
plainlid, in its own circle of affinity, than the species which reach 
the islands, and should therefore be less widespread in New 
Zealand. There are 218 such "wides," and they show an average 

,I Kermadecs in latitude 29°'15. volcanic; Chathams in 44°'20, schists, 
vrucanic and tertiary; Auck1a.nds in 50°'35$ ign~~. mostly volcanic. 



cn. VII] CbNFIRMATION BY PREDICTION 69 

rarity in New Zealand represented by the figure 4·8. i.e. 0'1 
greater t~n the largest figure for any that reach the islands 
(Kernlade s, 3'6), or a range of 84 miles less. This difference 
between f e two groups comes out in a ycry striking way if we 
place the flgures in columns by classes: 

Class 
I 

!! 
](I 

Ilangein 
N.Z. 1l(,8('hin~ :"\ot reaching 

(mil<'s) island!!. islands 
1001-1080 45 " I = 45 ali 
881-toOO )0 x a~ 1m 
7(H-880 a :-; 2(; 
641-7t)() 3, 12 ~~ 
;'S21-64() Ix :i ~~ HI 
401-520 I, H - 0 17 
281-40(1 a, ;;-~21 12 
Hil-28n 1 x N " ___ 

" 
,. 

41-HIO 2, » IS 

1-41' . x]O-~ HJ 
--- -
78 with 162 marks 213 with 010 

Averag(' rarity 2'0 (-_, range (If 940 m.iles); 4,a (f)64 miles). 

Difference 2-3, representing 276 miles of rangt'. If one t-Iul,trud frurn 
(>lass ](1 in the second column shout a dozen that ar{' prohably intrudu('· 
tions, one gets 201 with 'TOO murks, an averng(' of a·H, represcntillj.t 22H 
miles less range than tht' fir"t (·olumn. 

There are also 98 species that are endemic- to New Zealand 
and one or more of these island groups. but not found elsewhere 
in the world. These have an average rarity in New Zealand 
represented by 2·9, or in other words, they are a good deal more 
widely ranging in New Zealand than those species which reach 
Australia, etc. (enumerated above in the second column), but 
do 1I0t reach these little islands. The difference of 1·4 in avera!;", 
range represents 168 miles. Now here, still more than ill the 
previous case (p. 68), there is no conceivable reason why ranging 
to these little groups of islands (and to anyone of them, though 
they differ completely in climate and geology) should make these 
endemic species more widespread in New Zcaland than many 
others whose distribution touches Australia, etc., unless it he 
simply that being older, they have had time to reach the islands, 
and to range more widely in New Zealand itself. , 

Another interesting point shows in the table given above, 
which also indicates the greater age of these species, ,thether 
wide or endemic, that reach the outlying islands. The wides that 
reach them show 45 in class 1, whose range covers Stewart 
Island, a separate island near to the south coast of New Zealand, . 
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and only III in the next class, which does not in all cases include 
Stewart. In other words, most of these species were IjO old that 
they were also in time to reach Stewart before it ~{,g cut off. 
The endemics that reach the islands also show 41 in hlass 1 and 
21 in class 2, but the wides that do not reach these islands 
(last column in table above) show 85 in class 1 and 89 in class 2, 
indicating that they were on the whole a good deal younger, so 
that many of them were not in time to reach Stewart. The 
endemics that do not reach the islands show 52 and 60 in these 
classes respectively, in the same way. 

That these outlying islands of New Zealand are not a special 
case may be seen by comparing with the flora of Great Britain 
those of some of its outlying islands. If we take the Orkneys 
(north Scotland), Colonsay (south·west Scotland), Clare (west 
Ireland) and the Scillies (south· west }~ngland), islands widely 
separated, and differing very much in climate and geology, 
and if we take in these, at random (37, 108), the families 
Rallunculaceae,Caryophyllaceae, Leguminosae. Orchidaceae, and 
Gramineae, we find that while (going by the London Catalogue, 
8th ed.) the average distribution of a species in Great Britain 
is to 47 of the vice·counties out of 112, the 115 species of these 
families that occur on the islands mentioned range on an average 
to 71 (or 50 per cent. more), whilst those that reach three or four 
of the islands show an average range of 99. The facts arc exactly 
parallel to those for the islands off New Zealand, though of course 
not so striking, as the islands are very much closer to their 
mainland. 

Before going further we must once more consider the resenra
tions which are laid down in the statement of the hypothesis 
in the preceding chapter, and whose misunderstanding seems the 
chief stumbling·block in the way of an acceptance of Age and 
Area. It is easy to pick out of the list of "wides" reaching the 
islands a few that have less range in New Zealand than other 
wides that occur there and do not reach the islands. The hypo
thesis is often treated in this manner, and then rejected for non
agreement with actuality. It must not be forgotten that if it 
could be applied in such minute detail we should have at our 
command a theory that would explain more facts in distribu
tion and phylogeny than any other that has ever been suggested. 
Too much is expected of an hypothesis which claims no more 
than to be a useful guide, and the reservation, that it must not 

. be applied to a group of less th8Jl ten aU~d species, is ignored. 
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It may be applied to less if it be simply desired to gain an argu
ment fro~ greater or less probability to add to other arguments 
in favour tf some point, but when it is to form a main argument 
it must he applied to at least ten allied species at once. By this 
means the exceptional species, of which there are many, will 
be lost in the crowd, and also a group of sJX>cies will be obtained 
which react to their surroundings in much the same way, hav" 
more or less the same rapidity of dispersal, and so on. On 
averages there can be no question about the wider dispersal ill 
New Zealand of the Chatham plants, though individuals can b" 
found with little dispersal there. The herbaceous Compositsc 
may be enormously younger in the islands than the woody 
Leguminosae, for example, and also younger in New Zealand. yet 
by virtue of their better dispersal mechanism, and the fact that 
they are herbs, may be much more widely distributed in the 
latter, and may even have started much later from New Zealand 
than the Le~minosae (which could hardly cross a strait) and 
yet have reached the islands. Both groups, however, obey Age 
and Area, though they cannot be compared with one another 
as to relative age. 

If there were~ again, a great change of conditions between 
New Zealand and the Chathanls, or anv serious barricrs like 
mountains, this would completely alter the list of plants that 
might arrive. One mllst remember all these proyisos in dealing 
with the distribution of plants, but nOne the less one finds that 
by keeping to the Age and Area nile a., enunciated, and dealing 
always with groups of allied species, results may be obtained 
that are fairly reliable. 

Ttnetum topreU,,,tions, al'l\)tber uponthefo\\o'Wing lines \1.~2} 
was equally successful. A family will rarely arrive in a country 
as a group of genera simultaneously; some will arrive sooner 
than others. On the average, therefore, in any circle of affinity, 
the families with several genera will be older in that country 
tlll'li those with one or two, as it is all but impossible that their 
first genus should only arrive at the same time as the solitary 
one of another family. This being so, we shall therefore expect 
the larger families of New Zealand to be better represented upon 
the outlying islands than the smaller, as being older. On Stewart 
Island, at the south end of New Zealand, we do in fact fi~d this 
to be the case, as the following table shows: 
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Family Represented in 

reprCflcflted in In New St,ewart by Not represented 
New Zealand by Zealand ~ there 

{genera) (families) (fumWcs) (per cent.) (rmilies) 
1 36 13 36 23 

15 40 9 
15 12 80 3 

4-5 l() " 90 
(~10 8 flO 

OVer )0 II 100 

91 54 .")9 :17 

'Ye may even take the genera. and ('onsider those represented 
by mo')t species in R COlmtry to be the oldest in the country. 
Testing this on the flora of Stewart Island, we get: 

Genu~ Hepl't'l!;ented in 
rcpreselltcd in In New Stewart by ~()t represented 
New ZeaJuml h;V Zealand --~~-- thelY' 

(spe('it's) (genera) (~(_'nera) (per ('ent.) (genera) 

1 1:'),) 32 20 123 
5·1, 2~ .j{) 32 
2n 20 68 9 

4-5 20 23 71' " H-l0 3U :-12 88 " ]]-20 Hi ].'i 9;) 
()V['T 20 III 10 100 

32U 1:34 46 )75 

Thus, just as with the families, the proportion of genera 
repres('uted in Stewart shows a steady increase with the in
creasing numher of species in the genus from 20 per cent. of 
those with on~ up to 100 per cent. of those with more than 
20 species. 

If we test the same question on the farther outlying islands 
of Ncw Zealand, the Kermadecs, Chathams, and Aucklands, we 
find that the average size of a family that reaches all three 
groups is 47 species, of a family reaching only two is 14, reaching 
one 5, and of a family reaching none is only 2. A similar result 
follows a test of the genera. This fact also shows in the /lora of 
the islands <:>If the British coast mentioned above. 

Or again, as the wides are, according to hypothesis, the oldest 
forms, one will expect to find them the best represented in thc 
/loras pf the outlying islands of New Zealand. In New Zealand 
itself the wides form about 18 per cent. of the flora in number 
of species, but when we pass over into Stewart Island, the plants 
reaching which must, by hypothesis, be older on the average 
than the plants of New Zealand proper, wp find that the wides 
form 36 per cent. of the flora. In the plants that reach Ste,,;art, 
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8lld Blso one of the three outlying groups so often mentioned, 
the wides form 41 per cent., when two groups ure reached they 
form 64 ~ cent., and of those plants that reach Stewart and 
all three, i.e. Kermadecs, Chathams, and Aucklands, they form 
SO per cent. The result agrees exactly with the prediction, con· 
firming the hypothesis in a very striking manner. 

Or we may predict that tho far outlying islands will have" 
large proportion of forms in C01nmon with one another and wit.h 
Stewart. all being old in "-'cw r..ealand, and tbat the proportion 
will be much largeT' than that in common "'"ith New Zeala.nd. 
In actual fact, one finds Rl per cent. of th" Stewart families, 
67 per ('cni. of the genera, and even 40 PC)' c(·nt. of the specirs. 
on the other islands, while of the plants that occur in New Zea· 
land, hut not on Stewart, only 32, 17, and 15 pt.·r cent. rcspc(.'· 
tiyely ocenr, an enormous difference. The prediction is COU1'" 

pletely borne out by the facts, and it will sufliee t.o quote on(
or two instancps. The Kermadecs ha"e 80 percent. of the genern 
that occur upon the Aucklands, 1200 miles away, in a totally 
different climate, and only 19 per cent. of those of New Zealand. 
Of 52 species occurring outside the Kermadccs, as well as in 
those islands, 30 OCCllr in the Chathams, and e,'cn .5 ill the 
Aucklands; and so Oil. 

One may in the same way predict a great similarity between 
the floras of' the islands off the British coast, above mentioned. 
On examination) one finds, in the fiye families before considered, 
that their 70 genera have in the British Islands an R\'erag(' of 
4·7 species, against 3·4 for the whole flora. Whilst about 37 pcr 
cent. of the whole 175 species of these families are confined to 
one island, 24 per cent. are found on two, 19 per cent. on three, 
and 19 per cent. on Bll four, widely separated, and widely 
different in climate, etc., though they be. The average occur
rence of each species is upon 2·2 island groups of the four. 

Or we may predict that the genera which are common to the 
islands and New Zealand, taking at least two groups of the 
three, will be very old genera, and consequently in generBl will 
be large genera in large families. This is so obvious when one 
"omes to make a list, and finds it composed of Ranunculus, 
Cardamiw, Lepidium, SteUaria, Colobamhus, Geranium, etc., 
that it hardly needs any further elaboration. The 32 genera 
upon the islands in the first half of the New Zealand flora show 
an average size of 144 species, against an average for the world 
of only 12. Only five of them, CfYfYDocarpus, Coriaria, Pa1l(13), 
Santolus, and Calysteitia, are below the average in size. 
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Or, lastly, one may take the endemics of New Zealand and 
the outlying islands, and make predictions about them. We 
have just seen tbat on the whole, each in its owJ circle, the 
larger families and genera of a country will be the o\der in that 
country. Now endemic species, by hypothesis, occupying small 
areas, will be on the whole younger than the wides, as already 
pointed out, and one will therefore expect the older families, 
which have had the longest time in the country, to produce the 
most endemics. That is to say, that the endemics should belong 
to the largest families in the country, working in averages. The 
same rule should of course apply to the genera. If now we test 
this on New Zealand and its surrounding islands, we find that 
in New Zealand and its outlying islands there are 22 families 
above the average size, with lloo species, of which 890 are 
endemic to New Zealand or the islands, or 80 per cent.; there 
are 69 families below the average, with 292 species, of which 
only 110 are endemic, or 87 per cent., an enormous difference. 
In Stewart Island, all the 19 local endemics belong to the 15 
largest families of New Zealand, and J() of them to the three 
largest families in Stewart, and the same thing holds for the 
loeal endemics of the other outlying islands. 

In the same way, one finds that the (local) endemics of the 
Kermadecs, Lord Howe Island, and Norfolk Island, all islands 
which must have lain more or less in the track of the invasions 
of New Zealand by plants from the north, belong chiefly to 
those families and genera of their floras which have also reached 
New Zealand, i.e, to the oldest families and genera contained 
in them. 

On the supposition, which follows from Age and Area, that 
the wides have given rise to the endemics (p. 61), one will expect 
most endemics to occnr in those regions where there are most 
wides, and not, as on the theory of dying out of endemics would 
rather be the case, in those regions where there are fewest 
wides. In fact, this is at once seen to be the case, whether in 
New Zealand, its outlying islands, or in Ceylon or elsewhere. 

Age and Area is thus seen to be a hypothesis by whose use 
one may discover great numbers of new facts, and as so far all 
the wedictions made by its aid have proved to be correct, on 
verification, the result is to afford great support to the hypo
thesis itself, Over 90 such predictions as those mentioned above 
have now been made and verified, and one may, one is inclined 
to think, regard the hypothesis, in the. absence of any rival, 
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explanation, as sound. The question now is to bring it into 
accord with other views, theories, and facts, which often con
flict with i~ or apparently so. 

SUMMARY 

This chapter is devoted to a rew instances of the vel')' suc
cessful way in which Age and Area can be used to make prt'
dictions about distribution. For example, it was predicted-and 
verified-that the outlying islands of New Zealand would have 
a flora which was very old in New Zealand, and therefore very 
widespread there. In fact it was found that on the average its 
species ranged nearly 800 miles more in New Zealand than did 
those that did not reach the islands. Further, those endemic 
forms that reached the islands were found to be more widespread 
in New Zealand than the species of its flora that reached Aus
tralia, etc., but did not reach the islands-a result only explicable 
by aid of Age and Area. Parallel results Were obtained by a 
study of the floras of various islands off the British coast, from 
the Orkneys to the Scillies. 

The reservations already laid down, that Age and Area must 
only be applied to groups of at least ten species, and to groups 
of allied species, are then once more insisted upon. 

The successful prediction that as, on the whole, the larger 
families and genera in a country will be the older, therefore the 
flora of the outlying islands will be chiefly composed of these, is 
then described. Other predictions indicate that the farther out 
one goes the greater will be the proportion of wides, that the 
outlving islands will have much in common, e~pecial!Y of large 
genera in large families, that the endemics, both of New Zealand 
and the outlying islands, will helong mainly to large families 
and genera, and that most endemics will occur where there are 
most wides, All these predictions proved successful, and as this 
method has now been used over ninety times with no failures, it 
is evident that Age and Area has strong foundations on which 
to rest. 



CHAPTER VIII 

AGE A~D AREA (contd.). INVASIONS 

THE acceptance of the hypothesis of Age and Area i:lVolves 
various changes in our way of looking at many problems of 
geographical distribution, and of other branches of Botany, and 
we must go on to further illustrate its (published) implications 
and possibilities. 'fhe facts upon which it is based, as illustrated 
by the preceding two chapters, are so clear and so definite that 
they cannot go without an exp]anation; either one must accept 
Age and Area, or one must find SOfie other explanation for them 
-a thing that no one has yet attempted. 

If the distribution of plants about the world has been very 
largely the result of their age, it is clear that it should be com
paratively easy to lllake p,'edictions about it, as has already 
been shown. 'fhc very first prediction I employed (127) was the 
following, which will serve as a text for this chapter: 

L~t W be a species arriving at the centre of New Zealand from 
abroad, and following the rule exactly in its dispersal (there is 
reason to suppose that it would not do so unless the direction were 
east and west, not north and south as in New Zealand; but this 
does not affect the prediction). Such exrtctness probably never 
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occurs in real life, but by taking groups of ten allied species one 
may cancel out many of the eflects of chance differences. This 
dispersal is1indieatcd by dr .. "ing a right-angled triangle, which 
expands rellularly till after a certain time it reaches both cnds 
of New Zealand. As it does so. and covers more eountl'V, '" is 
supposed to give rise (',.asually to lIew species (shown at c\'ery 
increase of 200 miles of range, their locations of origin obtained 
by drawing numbers at random). These new species, E 1 to 10, 
spread like the parent, as is shown by the similar triangles. so 
that when J'V reaches 0 and lOOO, E 1 reaches 120 and 920. 

If now we divide New Zealand into ten zones hy drawing a 
vertical line at every 100 miles, and count in every zone the 
number of endemics found there (dcriyed directly or indirectly 
from W), we find illt· number small at each end, and with a 
maximum (or at times two or more) near the middle. In the 
present case, for instance, the numbers in each of the zones from 
left to right arc: 0, 3, 5, 8. 9, 8, 7, 3, 2. 2. 

If we obliterate the left-hand half of the diagram, we get the 
result of entrance of W at one end of New Zealand, and fmd the 
maximunl near that end; it always tends to be near the point 
of entry. If the entrance be not at a point, but at a zone, e.g. 
from 300 to 700 miles, at the level of E 2 and 8, then, if one 
omit E 1,2, and 3, one finds that the remainder give the fi!,l"lJTCS: 

0, 1,8, 5, 6, 5, J~ 1, 0, 0, a similar but shoTter curve. 
Occasionally, with a casual development of new endcrnic 

species, it so happens that the curve may show two, or even 
more, maxima with a slight drop between them, hut to have one 
maximum only is the general rule. 

One might therefore predict that one would find the endemic 
species of any genus in New Zealand to form such a CUI'\'e, and 
this proved to be the case for every genus in the flora. A few 
examples arc here given: 

Zone in roUes 

Ii 200 "'" 
______ ~--~--~.-A~--~----~--~ 

<OIl 500 600 700 800 l!OO 
--, 

100 
to '" '" to 
100 "'" 300 400 

Ra",m"uius 2 3 5 
Drimys 2 2 2 2 
PitWsporum 11 11 11 11 
Colobanthus 
Copro8mU 12 12 15 16 
Metrosideros 8 8 8 8 
L;gusticum I I I 
Veronica 6 6 ]0 14 
Utri<ularia 3 3 3 1 
Pimelea 4. 4. 5 5 

to to 
"'" 600 

7 11 
2 3 
8 7 

17 
5 
2 

15 
1 
7 

2 
18 

6 
7 

39 
1 
8 

to 
'00 
12 

3 
6 
8 

18 
6 
8 

41 
1 
8 

to to to 
800 900 1000 

18 18 10 
2 1 1 
6 5 5 
8 (0 2 

16 15 • 12 
2 I I 
9 7 6 

43 88 26 
1 
6 4. 



78 AGE AND AREA [PT. X 

These curves show many things. The first point that appears 
frwn their study is that the maxima are not casually seattered 
all over New Zealand, but oeeur in masses at particqlar regions, 
e.g. chiefly at the far north, at a little south of the middle of the 

Soundings in the New ZeaJand area. Numbers inserted here and there 
give the depth .in fathoms at those points. (From the Annals oj Botany.) 

~ w _ .... - ]00 fathoms. ------ 1000 fathoms. 

South Island, and at the north end of the same island. These 
last two groups are so close to one another that they are some
what confused together. Of the examples given above, Pial>
sporum and Metrosideros have northern, Ranunculus and VerI>
nica southern, and Drimys and Coprosma central maxima. 



CH. vm] INVASIONS 1'9 

These are bare and unvarnished facts, and though found by 
aid of the hypothesis of Age and Area do not depend upon it. ill 
any way, but may be examined upon their own merit., It is 
clear from t'hem that the previous distributional history of these 
groups of genera must have been quite different, and it. would 
seem to point to the conclusion that. the present flora of New 
Zealand has been the result of at least three distinct in "asions 
of plants from elsewhere, which probably had their centres at 
the points, north) south, and central, where the masses of 
lnaxima occur. 

This is confirmed by examination of the actual genera, for tit,· 
northern group is composed of families characteristic of Indo-

eo 
V r--

~ 
0 

1\ 
0 

\..___, 

0 '\ 
0 ~ 

0 

-100 -201) -300 --400 -500 -600 -700 -

........ --.. 
1\ 

EndemiCS 

I--- Wides 
80 -1000 '10 

l\falaya, probably indicating an invasion thence, the southern 
group belongs to Ranunculaceae, Umbelliferae, and other 
families prominent in the northern hemisphere (the only ex
ceptions being Stylidiaceae and Centrolepidaceae, both southern 
families), and the central group to Stackhousiaceae, Campanu
laceae, Violaceae, etc., which may perhaps have come from 
Australia. 

If now one add together all the species of the genera of the 
northern invasion that occur at each zone of 100 miles from 
north to south in New Zealand (including Stewart Island)} one 
obtains the curves shown above, from which one may perhaps 
infer that the invasion was at about 0-800 miles from North 
Cape. The two curves falloff very steadily towards the south, 
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but that for endemics much more rapidly than that for wides, 
the maximum in each case being at ahout the SBme spot, Bnd 
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the minimum at the same. The more rapid fall of the endemic 
curve is to be attributed (on the hypothesis of Age and Arca) 
to the fact that they arc in general yOlmgt'r. and so 1m"c not 
had time to spread so far. 

Treating the southern invasion in th(~ same way, one obtains 
the curves on p. 80, showing both endemics and wides falling 
off towards the north. The latter arc shown with a double curve; 
the upper shows the grand total of wide., but many begin at. 
the north and do not occur in the far south, showing that they 
probably rea])y belong to the northern in,·asion. Subtracting 
these gives the lower CUfYC. and the diminishing distance be~ 
t"w('cn these two curves shows the way in which these &pcci('s 
dinlinish southwards. The endcnlics, being mOf(' numerous. arc 
split into two curves, one endemic to New Zealand only. (1)(' 

endemic to New Zealand and the outlying islands (Kermadees. 
Chathams, Auckland.). 

These curves provide a very fonnidable argum(~nt against the 
,",apposition that endemics are dying out, for if so, why does 
their number show its maximum with that of the widcs, and 
fall off to a minimum at the same point with the latter? 

They also illustrate various other points. For example, from 
the nruch steeper curves of the southern invasion, one may 
probably infer that it wa~ much younger than the northern, 
both '''ides and endemics haying had less time to spread widely 
in "'ew Zealand. This is confirmed bv the faet that both northern 
('unres, and that for southern lyid(',;. show no break of auy kind 
between 500 and 600, where Cook's Strait. lies. while that. for 
southern endemics shows a marked drop there, indicating that 
when this group (the youngest of all, hy hypothesis) came along, 
the strait was at any rate beginning to be formed. The same 
feature shows in a much more marked way at }'""'oveaux Strait, 
between the last two figures in the curvc~; even the northern 
•. wides ,. show a drop here, and the southern endemics an enor~ 
mous one. 

The greater age of the northern invasion may also be inferred 
from the fact that in it the number of the endemics at any zone 
is always at least twice as great as that of the wides, while in 
the southern invasion the eurve for endemics goes below that 
for wides at both ends, or adding the endemics of islands, "elow 
that for wides at the northern end. 

The greater youth of the southern invasion is also emphasised 
by the fact that it is composed to the extent of 88 per cent. of 

W.A. 6 
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herbs, while the northern has 84 per cent. of trees and shrubs, 
and, as we have pointed out above, the latter will be likely to 
spread with vastly greater slowness. The average areas occupied 
by the species of the two invasions are much the same. 

I am informed by the well-known palaeobotanist, Mrs Clement 
Reid, that geology gives evidence that invasions follow directions 
which offer stability of' climatic conditions to their members; 

I polewards when climates are warming, equatorwards when 
cooling. Qne fee)s inclined to infer, therefore, that at tne time 
of the northern invasion New Zealand was warm in the south, 
whilst the Antarctic land was habitable to the northern types 
of plants that largely compose the southern invasion, and which 
perhaps reached Antarctica by way of the Andes, as most of 
them occur in that chain, Then as the south cooled, the southern 
invasion perhaps entered New Zealand, working northwards, It 
is very noticeable in the curves for this invasion that they rail 
off much more gradually to the north than to the south. 

Yet other probabilities may be deduced from the figures and 
curves given. The curve in the southern invasion for endemics 
that reacb the outlying islands is flatter even than the curve 
for wides, showing that they are probably older than the average 
for wides, as we have shown above (p. 69). But if we split the 
cunre for wides in the same way, into two, that for the wide~ 
that reach these islands proves to be even flatter than that for 
the endemics which do so, as we should expect by hypothesis. 

From the diagram giYen at the commencement of this chapter, 
one may deduce that the average range of endemic species that 
occur in the outer zones of New Zealand will be greater than 
that of those that occur in the centre, for ohviously those of 
short range will be mainly concentrated towards the middle. 
Examination of the actual figures for the southern invasion 
shows that this is very strikingly the case, the average range of 
all the endemics occurring in the northern half of the South 
Island being about a third of that of those occurring to the 
sonth. Not only so, but they belong in much greater proportion 
to the smaller genera of New Zealand, i.e, by hypothesis (p. 71) 
the younger. The long-ranging endemics of the outer zones be
long mainly to large genera (of the New Zealand flora). 

lbs clear that Age and Area can he used with considerable 
directness in the study of the invasions by which a country has 
received its present population of plants. 
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Smm:A'II.Y 

The application of the hypothesis to a study of the way in 
which a country has been peopled by im·asions of plants is 
illustrated by the case of New Zealand. If a species t'llter the 
country and give rise casually to new (endemic) species, then, 
if the country be divided into equal zones, it will generally occur 
that the endemic species occupy the zones in numbers in~ren."iing 
from the outer margins to some point near the centre at which 
the parent entered. Applying this prediction to New Zealand 
it was found that all the genera in the flora showed figures of 
this type. Further, it was noticed that the points at which the 
maxima occurred were not scattered casually all over the C0l111~ 
try, but tended to mass together in thre~ places-northern, 
southern, and central. The most reasonable explanation of this 
is that these points represent the centres of corresponding inva
sions. Curves are given showing the way in which both wides 
and endemics ran off, from the centres of the invasions, the latter 
much the more rapidly. As the curves of the southern invasion 
arc much more steep than those of the northern, one may perhaps 
infer that the latter was milch the older (perhaps even a geo
logical period older), and this is confirmed hy the fact that it 
consists mainlv of trees, while the southern is composed chiefly 
of herb~, and ~lso by other considerations. It is clear that Age 
and Area can be applied with effect in the study of the peopling 
of a country with plants. 

.. 
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OBJECTIONS TO THE HYPOTHESIS 

VERY many objections and criticisms have already beer: pub
lished, and many more are doubtless to follow. A consideration 
of them, however, shows that in general they are based upon a 
few general principles, and that a proper understanding of Age 
and Area, and of the provisos "ith which it is hedged round, 
will go far to remove the most of them. 

The first few, (I) that the numerical results arc accidental, 
(2) that the figures are not reliable, and will be vitiated by 
further work, and (8) that the figures can be accounted for by 
changes in climate and configuration of the countries con('erned~ 
require no discussion at the stage which Age and Area has now 
reached. Far too nlany facts ha,\Te been accumulated from too 
many places, to lcayc room for thenl to be seriously advanced. 

Another, (4) that the hypothesis is an assumption, has really 
little hearing upon the matter. Natural Selection, and many 
other fruitful hypotheses, are also assumptions, and Age and 
Area has already led to new discovery. 

Sonle 'writers show a confusion of thought between (5) en· 
demism and cndenlic species. The former, if it occur in a country, 
is a sign of age, for time must be allowed for it to appear; but 
the endemic species are in general the youngest in the country, 
in their own groups of affinity. 

Some say (6) that the wide dispersal of the wides is due to 
their wide dispersal outside the country, but givc no reason for 
this. It utterly fails, however, to explain the graduated dis
tribution of the wides, those that occur farthest away showing 
(on the average) the ma."imum local dispersal (cf. the Ceylon
Peninsular-Indian species with the ,,1des of greater range, or 
the species that reach the outlying islands of New Zealand with 
those that do not). To explain such cases the most improhable 
supplementary hypotheses have to be adduced (126, p. 16). 

A number of objections arise from the attempt to apply Age 
and 'Area to individual cases; such are (7) that there are many 
exceptions-species whose area does not at all represent their 
age, and the like, (8) that species may die out or be killed out in 
part of their area, (9) that one cannot properly compare a single 
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species to its nearcst relath-e, (10) tJtat a species mlly owe its 
wide range to being part of a wide-rallt,>1ng associatioll of plants, 
(11) that a spccies that occurs in a greater number of associations 
must have taken longer to spread than one that only occurs in 
one, (12) that climate produces great effects upon the distribu
tion of a species, (18) that altitude does the same, (14) that 
latitude also docs the same. (15) that of two species with equul 
latitudinal range the one with the greater altitudinal range will 
be the older, and so on. 

It has) I hope, been made clear ahm:c that th(' distribution of 
any onc species depends upon ypry many factors--tnctho<l of 
dispersal, acclimutisatioll, suitability to the society of phmts in 
'which it may find itself, local adaptation. barri('rs of all killtb, 
whether phy!>iicaJ, climatic or ecological. indkidual habit of the 
species itself, and so on. as ','"ell us upon ffi{'re age. \""'ith so many 
factor'S active, it is clear that probably in no single case doe .... 
ag(' alone determine the area upon whieh a species occurs. In 
C'xa(·tly the same way, when 11 baby is born. it is very rarely 
possible to say of what complaint that baby willultimatcly die, 
yet if one take a large number of babies, living in the snme COUll· 

try, one can say that just so Illany will be accidentally killed. so 
many will die of tuberculosis, and so on. In India one can sav 
that' just about so many deaths from snake-bite will occur i;, 
a year; and there arc many other similar caf\CS of reasoning upon 
large numbers, where in the large figure and the long run the 
TPSU]t is certain, yet cannot be predicted for the individua1. 
And the same is the case for Age and Area, and such objections 
as just quoted have really !l0 bearing upon its validity or other
'wise. 

When one takes groups of ten allies, and compares them with 
other related groups of ten allies, for instance, ten .. l1im080J1 with 
ten Ingas-nearly related genera in the same family, living under 
much the same conditions-the effects of age will show clearly, 
because all the other factors in dispersal will either be pulling 
the sanle way upon all, or wiII cancel one a!lother out by pulling 
in different directions. Ten herbaceous Compositae may occupy 
an area X, and ten woody Dipterocarpaceae may occupy the 
same area X, but the two are not comparable. In the former 
case, the herbaceous habit implies many more generatio~ in a 
given time, and therefore many more opportunities of dispersal; 
the parachute mechanism of the seed-dispersal enables it to 
travel better; the fact that herbs of this kind grow in the open 
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also enables dispersal to be more rapid, and so on. The two cases 
are quite incomparable. But if the ten Compositae be compared 
with ten other nearly allied Compositae, then the effects of the 
"otber" factors will be much the same, and age, which is always 
pulling alike upon all species, will show its effects clearly. The 
greater the number of allied forms taken, and the greater the 
lengtb of time considered, the more clearly will the effects of 
age show. 

Other objections come under the head of comparison of un
allied forms. For example, it has been objected (16) that herbs 
must he older than trees, because they occupy greater areas, 
but that aU probability is against this, (17) that Age and Area 
shows that new species must have been formed more rapidly 
among trees (because there are more of them among the endemic 
forms), and that this also is against probability, (18) that local 
endemics are usually unrelated to the wides that grow beside 
them, and are often very unlike them, and so on. What has jllst 
been said about comparing groups of allied forms only really 
covers most of these, and a reference to such works as IIooker's 
Flora of New Zealand, or other systematic works, will show that 
a great deal too much has been made of the supposed differences 
between the endemics and the wides that accompany them. In 
the great majority of cases the two are allied, and if they were 
unrelated, it would be a very remarkable thing that they should 
show the numerical relationships that we have seen to exist. 
There are a considerable number of endemic forms, especially 
within the range of the last glacial period, for example in 
temperate North America, whieh are not related to the wides 
beside them, but when groups of tens are taken, these are quite 
lost in the crowd, or in some cases can not find a crowd to which 
thev can be attached. There are, however, at most about 400 
such cases in North America', and the endemics of most of the 
world, especially the countries south of the Tropic of Cancer, 
are to be counted by tens of thousands. Only very rarely, again, 
will one find a group of ten allied herbs, with a group of ten 
allied trees closely related to it. In such a case, which will very 

1 Sinnott (95) instances as endemics of this class CaMJa, Planera, Maclura 
GDN'1Jo, SQ8lltJjratJ. Xonlhorhiza. Baptisia, Nt11WpantJns8. CeanothU8, l>i:rca, 
1)iQnae&, lludsonia. Rhe:ma, Ptelea, Derodtm, llOUBffYnia, 8ymplwricarp1ul 
etc., pointing out that many DOOur as fossils in the Old World, and that the~ 
include most of the woody endemics of north temperate America. II 
dealing with such, one muat, as already pointed out, include the Hfossil' 
area, and in any case they are lost in the crowd when not considered singly 



CH. IX] OBJECTIONS TO THE HYPOTHESIS 81' 

seldom occur. comparisons on the basis of age win be impossible. 
But a group of mixed trees and herbs may be compared with 
another allied group of the same general composition. 

These considerations also dispose to a large extent of the 
objection (19) that age is only one factor of many, and (20) that 
enough is not allowed for the action of other factors. Age is. as 
has been pointed out above. only one factor, but it is a factor 
whose actioD can be ShOWD in figures which no one as yet has 
b""n able-has even indeed attempted-to explain upon any 
other supposition. If one were dealing with individual species. 
one would have to anow for each individual factor, and could 
never, or very rarely, be in a position to say how much wa..., due 
to this, and how much to that. No one has yet been able to 
reduce to figures the effects of any of these factors, and their 
action is still accepted upon a priori considerations. The dfect 
of my work is to disentangle from among them the effect of 
age. and to show that it is very considerable indeed; and this 
should of itself make much easier the study of the effects of the 
many other factors that take part in the dispersal of a specics 
about the globe. 

The next group of objections is to the general effect (21) that 
endemic forms, whether species or genera, are local adaptations, 
suited expressly to the spots in which they occur. In one sense 
this objection is a truism, for if a species or genus were not suited 
to the spot where it occurred, it would die out there, so that if 
it were endemic to a very small 100J1lity, it might easily dis
appear from the earth. But the general explanatory idca which 
]jes behind this objection is very hardly pressed when it comes 
to explaining such a series of species, arranged in H wheels 
within wheels," as those of Ranunculw; in New Zealand (p. 156), 
or Doona in Ceylon (p. 153), and breaks down altogether when 
it is once realised that endemic species and genera, as will be 
more fully shown below, represent only a special case of specie .• 
and genera in general. It is not possible to explain upon any 
theory of adaptability the varying areas occupied, and occupied 
in a way that can be reduced to statistics which agree for each 
family and area. One cannot suggest conditions that will overlap 
like the rings in a shirt of chain mail, as do the genera and 
species (p. 56). Nor will this view explain the increftse of 
endemism as one goes southwards, or outwards from the con
tinental areas. Nor will it enable us to do any prediction about 
geographical distribution whatever, though Age and Area has 
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already been successfully used in this way nearly a hundred 
times. Nor, again, can it explain such cases as Castelnavia, with 
seven species in an area where there are no differences in con
ditions (126, p. 15). Abovc all, it will not explain the mechanical 
way in which every group of species behaves like ewry other, 
as has beell pointed out above. 

The next group of objections takes the general position that 
f'nciemics are mostly the relics of pre-existing floras; the first is 
(22) that endemics are usually relicts in the sense of species that 
are dying out; that they are old species driven into quiet nooks 
or odd corners; the most recent statement to this effect is that 

\T cry many endemics owe their linlited distribution to the cir
t'lmlstanec; that they are remnanb. of comparatively nllsllcct's-;ful 
types whieh have been exterminated elsewhere. and which e,'en 
in these isolated floras al'(~ waging a losing fight against mort' 
vigoro,,<, and adaptahle newcomer",. 

Thi~ is undoubtedly true of a great nunlhrf here and there 
pspe"ially in the north temperate zone (particularly North America 
and China), where the influence of the last glacial period was 
scv{'fcly felt, and so far as thc first part of the sentence (to 
Hels('where") is concerned. 'Vc know from geological evidence 
t hat in the Canaries and Madeira there are many generic sur
yivals of the Tertiary flora now extinct in Europe itself, but we 
have no proof that they are dying out there without change of 
conditions. Age and Area has always insisted upon the reserva
tion ,,' so long as conditions remain rea~onably constant," though 
critics and opponents frequently ignore this. Guppy has re
cently (50) shown that the endemics of the Canaries which may 
be looked upon as Tertiary relics occupy more space in the 
Canaries than do the more recent Mediterranean type of en· 
demics, while they also extend to the Azores or Madeira, which 
the latter do no\. As these Tertiary relics are mainly woody, the 
conditions aTe naturally against them so soon as man has settled 
in the country (cf. p. 27). 

When a species is really dying out, the fact is usually due to 
some change of conditions; and, as we have shown above, dis
persal is usually so slow and to such small distances that the 
species may easily be cut off by the changing conditions, and 
then 'gradually exterminated, through no fault of its own. 
Cupressus mnCTocarpa is probably the most generally suitable 
Conifer for average sub-tropical climates, and is planted in 
millions all over the warmer rarts of the world; yet it is dying 



CR. IX] OBJECTIONS TO THE HYPOTHESIS 89 

out in its only natural habitat, the Monterey peninsula of 
California, probably on account of the serlliar drying of the 
Californian climate. 

The comparative rarity of seriously broken areas of distribu
tion among endenuc fonns) especially south of the influence of 
the last glacial period, is much against auy vcry 111rg-{' amount of 
dying out. One would not cxpe-ct a moribund species to rt'taill 
it"i-. area intact-though it is true that with tht.' Cycads. often 
Slipposf>d morihllnd t this i ... largC'ly the rase, . 

It is very hard to suppose that a g(.'BllS WOHld choose ct.-"rtain 
~pots upon the RIoht' where its spcei('s should (lie out in large 
numbcr~. yet th<' fa('b; of distribution require that this should 
be so under this explanation. \Yhy should the Sellecius retire 
to die. in lar!-.l'{' Jlumbers. to Mcxj(·o. California, Bolivia, Pern. 
South Africa, . .1\ llstralia, etc.? The larger the genus ttl(' greatcr 
the number of local species, and the greater the number of 
places in which they occur. 

As this is the principal argument brought forward by oppo
nents of Age and Area, it will be wdl to brillg' up other points. 
If all or nlOst endemics are to be l'cgardC"d as relics, then they 
must evidently he. on the whole, older than the "wi(ics," and 
the reply to another objection (28) that greater distribution may 
be due to youth, rather than age, may be given at the same time. 

The great difficulty is to explain why, in most countries remote 
from the influence of the last glacial period. the "dying-out" is 
purely mechanical. Every family and genus behaves in the 
same way, whether it has or has Hot wides, and whatever its 
habit of growth, its origin (local or foreign), or its distributioH 
generally. The general type of distribution-in "wheels wit.hin 
wheels "-is shown below (Chapter xv) in several maps, and not 
even the most determined upholder of a general dying-out can 
interpret these maps into a support for his position. There is no 
douht that a large numher of species and genera in the north 
temperate zone may be interpreted as dying out (cf. footnote, 
p. 86), but tbey are insignificant in nnmber beside the endemics 
of more southern regions. North-temperate America has perhaps 
400, but Ceylon alone has 800 endemics, and Brazil perhaps 
12,000. The latter country ha, 240 endemic Eugenias alone. 

A still greater difficulty for the supporters of general ~ing
out is to explain why there should be many more endemics at 
the point of death (VR in Ceylon, for example) than there are 
a little further remo~ed from it (R), and more of these than of 
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those still further away (RR, RC, and C, in diminishing numbers 
as one goes up the scale). This is a general rule for ail endemic~ 
of the tropics and the south, and is impossible to explain on any 
theory of dying out. 

Y ot another dilficulty, considered below in Chapter xv, is to 
explain why the endemics should belong in larger proportion to 
the large and" successful" families and genera than to the small 
and broken ones which we have been accustomed to consider 
moribund. 

Or again, why should those genera, like Gunnera, in which 
there are no wides at all, behave exactlv like those in which 
there are such? And why do not the moribund species congre
gate in special regions, so to speak, reserved for derelicts, instead 
of choosing each its own special location? Why should many 
Eugenias in Ceylon choose each its own mountrun upon which 
to die? ' 

To these one may add the following notes and queries, which 
if not successfuily answered, are very fatal to the view that 
endemics are chiefly relicts: 

(a) How, on the view that endemics are relicts, is it possible 
to predict what has already been successfully predicted by the 
aid of Age and Area? 

(b) How are the facts of the regular graduation of species, of 
narrowly localised endemics up, and of wides down, to be ex
plruned at all? 

(c) Why is there no difference in behaviour between endemic 
genera and species? 

(d) Why does a genus behave in just the same way in New 
Zealand (for example), whether endemic with smail area, en
demic with large, endemic in New Zealand, endemic in New 
Zealand and islands, endemic in New Zealand and Australia, or 
endemic in New Zealand,and the rest of the world? 

(e) Why are the endemics or the same order of rarity whether 
there are or are not wides in the same genera? 

(I) Why should the islands round New Zealand have more 
endemics the more wides they have (129, p. 832)? 

(g) ~'1ly are the endemics of New Zealand least numerous at 
the ends of the islands and not in the middle, and the wides the 
saml! (128, p. 201)1 

(h) Why do the endemics that reach the ends of New Zealand 
range on the average so much farther than those in the middle 
(127, p. 448)1 
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(k) Why are the endemies still less numerous in proportioll 
011 the islands surrounding ~ew Zealand than on New Zealand 
itself, and the wides more numerous? (N.Z. Wides/Endemics 
801/902, Kennadecs 45/25, Chatham. 69/76, Auckland. 27/72.) 

(/) Why do the endemics of both northern snd southern im'a
sions of New Zealand taper down in number with t.he ,vides, hut 
much more rapidly, so that in the case of the southern fonns 
thev are actuallv less numerous than the wides in some zonest 

(;,,) Why, jf ~ndemjes are being drivPIl ill by the wides, do 
their areas almost invariably overlap and why are there prac
tically no broken areas among them? 

(ll) Why do the Ceylon-Peninsular-Indian species show a 
range on the average intennediate between the Ceylon endemics 
and the wides? 

(a) Why are the species endemic to New Zealand and the 
islands so common in New Zealand, more so than the average of 
the wide. in that country (129, p. 881), and why are the wide. 
that also reach thc islands yet more common again? 

(p) Why do endemics on the average occupy so much larger 
an area in New Zealand than in Ceylon, even proportionately 
to the size of the country (lZ7.,p. 454)1 

(q) Wlfy do rern endemics, which must on the average be 
older, show greater distribution areas than angiospenn endemics 
(lSO, p. 840)1 

(r) If the wides are the younger, there is no reason why they 
should be specially closely related to the endemics, and why 
should they show the same arithmetical relationships throughout? 

(8) Why do endemics and wides, in the majority of cases, 
belong to the same genera? 

(t) Why are the endemics so often on mountain-tops and why 
do separate species of endemics occur for different mountains 
ilear together (121, p. 132)? 

(u) 'Vhy do the endemics belong principally to widely spread 
and successful genera, and this even more on very isolated islands 
like the Chathams? The Chatham endemics belong to Geranium, 
Aciphylla, PsewWpa1UJ3J, CM'okia, Coprosma, Ol,ear;a, Cotuta, 
Senecio, Sonchua, Cyaihodes, Myrlline, Gentiana, Veronica, Carex, 
Paa, Festuca. The Auckland endemics belong to Ranuncu[ua, 
SteUaria, Colobanthus, Geum, Awrella, Ligusticum, Coprotma, 
Okaria, Celmisia, Cotula, AbrataneUa, Gentiana, V &Tonica, Plan
UJgQ, Urtica, BulbineUa, Hierochloe, Deochampsia, Poa. 

(v) Why does the maximum of the wides, in Ceylon, New 
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Zealand, etc., coincide with that of the endemics, and both 
decrease together from that point, the endemics much the more 
rapidly? 

Other formidable arguments against this view arc given below. 
in Chapters xv, XVI of Part II. 

The hypothesis of youth (within a country) and area can only 
be acoepted if one be prepared to accept with it tbe numerous 
absurdities to which it leads. In particular, it involves a most 
remarkable amount of rising and faUing in the scale of area of 
distribution, for which we have no warrant. The di~tribution of 
the plants of the ontlying islands of ]'I;ew Zealand (p. 66) seems 
to provide a very strong case against it, for how can yout h 
('nsure that a species shaH reach more of thes(' little islands? 

"The families Tristichaceac and Podostemaceae also afford an 
excellent test case for the question of age or youth, for owing to 
their peculiar morphology one can say with reasonable approach 
to certainty which are the older forms. He would he a bold man 
who ~·n)Uld say that such forms as Lawia in the one family, or 
Castelna'{Jia in tIl(' other, with their violently dorsiventrul struc~ 
ture, shown in the lichen~like vegetative body and the extra
ordinarily nlOditied flow('rs, were: older than such forms as Tri
sticha or Podostemon, which are almost radially symmetrical, 
Ilnd come ncar to the ordinary type of submerged water plant. 
Y ct the latter are widespread and almost universal, covering 
the whole range of distribution of families, while the violently 
dorsi ventral forms arc all endemic to comparatively small areas, 
Lawia, for example, occurring from Ceylon to Bombay, Castel
navia in the Araguaya and one other river in Brazil. It is im
possible to talk of local adaptation in these plants, as I ha"e 
elsewhere pointed out (124); there is nothing to be adapted to. 
The non-dorsi ventral forms are just as common as the dorsi
ventral, whetber in slowly or in swiftly moving water" (quota
tion from 128). 

Mrs Arber (4, p. 806) has brought up a parallel case in the 
genus Callitriche. 

Some, while admitting that in general endemics are not relicts, 
say (24) that the entlemics of mountains, at any rate, are usually 
such, especially as the wides, not infrequently, do not ascend as 
high' as they do. This latter fact is a strong argument against 
the explanation often given of mountain endemics, that they 
have retreated upwards to escape the competition of the wides 
in the plains below, for it would be very remarkable if they 
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should at once, so to speak, retreat as rar as possible b~yond 
pursuit. 

There is no doubt that the species of mountain chains of tell 
show much less affinity to the speck-s of the lowlands, than do 
the species of islands to those of their mainland. In some cases 
there can be no doubt that such species of mountains arc relics 
of a flora that once occupied the lowlands, as in the case of the 
many arctic species that occur upon the mountains of the north 
temperate zone. In other cases the difference may be simply 
due to the fact that, as explained on p. 37, a mountain chain 
Inay act as a road for nligration to the plants of another country, 
which would not otherwise bc able to enter the country under 
consideration., by reason of unfa \~ourable conditions. In the 
mountains of Ceylon, India. Java, and most tropical countrics~ 
one finds two types of vegetation at least. There arc the more 
northern types, such (in Ceylon) as Thalictrum or Herackum. 
which may be relics of a former more northern type of vegetation 
in the plains, though they are more probably invaders by way 
of the lnountains; and there arc the more numerous fonus like 
the EugeniaB, the Impatiens, or the Memecylon." which are re
lated to those growing at lower elevations. 

'Vhilc it is clear that many mountain endemics are relicts, and 
probably many more arc lo~al adaptations, the former especially 
within the range of the I",t glacial period, the evidence for relict 
nature in the tropics and the southern snb~tropjcs is not sufH
ciently clear to make it safe to regard any of them as such 
without some direct (,"idence in favour of such a conclusion. 

Others, again, maintain (25) that very many endemi,,, arc 
waging a losing fight against more vigorous and adaptable new
comers. This is no doubt the case with many woody endemics 
in North America, etc.-genera which once were widely spread, 
and arc now left as representatives of a former woody flora in 
a land of herbaceous vegetation. But to say that this latter is 
more adaptable seems rather stretching a point. Were its 
members turned into a forest they would die out there much 
sooner than the woody endemics seem likely to do as things 
arc. The dying-out is owing to change of conditions, which has . 
been carefully guarded against in the statement of the rule of 
Age and Area given above. • 

Lastly, it is maintained that in general (26) endemics are 
relicts in the more literal sense that they are remains of floras 
that have disappeared elsewhere, in whole or in part, but are 
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not necessarily dying out. This is a perfectly sound position, but 
is not r~.alIy an objection to Age and Area, when this is properly 
understood. If" genus has 5 species in one region, and an 
outlying species 6 in another, and one can produce geological 
evidence of former connection, whether by living or by extinct 
species, then there is no doubt that 6 is a relic in the sense of 
this objection. One must simply take the whole area co\'ered 
by 1-6 us the areu of the genus in consideration of any matter 
by Age and Area. This type of relic, however, is really rather 
uncommon. 

A more frequent type is that so often found in temperate 
North America, where the mountain chains, running north and 
south, did not offer such a barrier to the ice and cold of the glacial 
period as in the Old World. Sinnott (p. 86, footnote) instances 
Carya and others, pointing out at the same time that mallY 
occur as fossils in the Old World, and that they include most 
of the woody endemics of north temperate America. Such en· 
demics, showing wide taxonomic separation from the rest of 
their surrounding forms, are, however, comparatively rare, and 
as already pointed out, in dealing with them from an Age and 
Area point of view, one must include the '" fossil" area. 

In the tropics, or in tpe southern hemisphere, on the other 
hand, and even in the north among the herbs, which Sinnott 
has shown to be in all probability \'ery much younger than the 
trees and woody plants, and which are probably mostly fomls 
that have spread there since the glacial period, the endemics 
are usually closely related to the forms around them, whether 
other endemics or "wides." It would be absurd to apply the 
"relic" explanation to such a case as Do<ma in Ceylon (1'.158) 
or RanWliCUlUJI in New Zealand, and yet on this supposition 
Ranunculua in that country, or at any rate Veronica, must be 
considered as a relic, though the vegetation of north temperate 
type represented by Ranunculus, Ver<mica, and many other 
genera is a very marked feature in the total vegetation of New 
Zealand. 

Another very serious reply to this objection is contained in 
the fact that the endemics of a country remote from the effects 
of the glacial period usually belong to the large and what have 
usu.t;Jy been considered the "successful" genera, as has heen 
pointed out elsewhere (Chapter xv of Part n). 

The next objection (27) is based upon the supposed rapid 
spread of introductions, and is urged to show that dispersal 
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within a country, when a species first arrives, is rapid, not slow, 
But we have already seen that the evidence of introductions 
(p. 24) forms a very broken reed upon which to lean. It only 
shows that the spread may be rapid when the conditions have 
be,·» changed, and cannot be twisted into meaning that spread 
is always rapid even in such circumstances. Even in Ceylon or 
New Zealand, only a smail proportion of the introductions have 
spread rapidly, although the conditions ha"e often been changed. 
Nowhere is there any indication of a whole flora. or great part 
of it. spreading in this rapid wal' whereas in the case of an 
island like Great Britain. near to a continent, the local fiora is 
simply a somewhat reduced edition of that of the continent. and 
the fiora of such an island as Ireland. a little farther out again, 
is a reduced copy of that of Great Britain. One may even go 
further, and find upon little islMds off the coast of Ireland a 
still further reduction of the Irish fiora. 

A earefu] consideration of what has been said in Chapters II 
and v wm]ead to the conclusion that in general the dispersal of 
plants into new areas must be exceedingly slow, so slow that 
as a general rule one will notice little or no progress in a lifetime 
of observation. One cannot regard this objection as sound. 

An objection often brought up is (28) that in many places 
eharacterised by the presence of endemic forms there are many 
genera composed of endemic species o·nly. This very striking fact 
has been termed "swamping" by Dr Sinnott, who proposes a 
hypothesis to the effect that" the longer a successfuily invading 
species remains in an isolated area ... the less comm()n it tends to 
become until it is actually 'swamped' out of existence-quite 
the reverse of the 'age and area' idea." He suggests that "some 
may simply be exterminat,od outright, and some by continual 
crossing with new forms may ultimately lose their specific 
identity." Cf. also Guppy (44. Chs; XXI-XXVII), who gives full 
accounts of it. 

On the whole, the older and more isolated the region, the 
greater is the proportion of such genera. Ceylon has 89 of 1027 
(apart from actually endemic genera); New Zealand has 127 of 
329, the Hawaiian Islands have 101 out of 256 genera. 

There is no doubt that the fact that genera are common in 
these fioras with endemics only, and no wide •• is a feature which 
requires explanation; but as the genera with endemics only 
behave exactly like those which also contain wides, or like the 
endemic genera, the fact that it cannot at the moment be satis-
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factorily explained 1 does not in the least militate against the 
hypothesis of Age and Area. Age and Area may seem to disagree 
with other views as to this or that, but it is based upon very 
clear and definite figures, which must either be controverted or 
explained ill some other way-they are far too striking to go 
without any explanation. It is somewhat difficult to controvert 
figures which simply represent hald facts, and if Age and Area 
be not accept{'d, it is consequently necessary to have some other 
hypothesis, which must be mechanical, owing to the fact that 
the figures show such mechanjcal regularity. 

The objection is based largely on the undoubted fact that the 
proportion of H swamped" genera is larger in the more outlying 
of the big- islands. But that mere isolation is not sufficient as all 

explanation would seem to show in the fact that in the very 
isolated islands round New Zealand the proportion is not so 
high as in New Zealand itself. In New Zealand 121 genera out 
of 329 show it, in the Kermadecs only 8 out of 62, in the Chathams 
the same. and in the Aucklands l2 out of 64. In none of the 
i,lands is the proportion anything like so high as in New Zealand, 
and it is highest in the Aucklands. which were perhaps nearest 
to an incoming stream of plants (131). On the other hand, the 
nnmber of genera ",hich arc swamped in ATfW Zealand is 13 in 
the J(crmadecs, 33 in the Chathams (the most isolated), and 26 
in the Aucklands, facts tending to show that the swaulped 
genera were in existence fairly early opposite to the Chathams, 
and therefore were rather old in con1parison to some of thf' rest, 
though onn in the Chathams the unswamped genera (29) are 
almost as numerOllS. 

Another test that we may apply is to find the proportion of 
"swamped" genera in the northern and southern invasions of plants 
into New Zealand (p. 79). The northern shows 45 out of 75 or 60 
per cent., while the southern shows 86 out of 108 or 33 per cent. 
We have seen that probability is in favour of the greater age in 
New Zealand of the northern invasion, so that to SOille extent 
this speaks in favour of the objection in a general and purely 
local sense. But as only one herb (Elatostema) is "swamped" in 
the nOlthern invasion, and all the shrubs but one (Veronica) in 
the southern, it is, it seems to me, equally possible that swamping 
mal' go with woody habit, and further tests are necessary. 

I Small (103, pp. 189.224) has suggested two explanations, both quite 
probable; but as the phenomenon (as shown above) does not affect the 
probability that Age and Area is a correct hypothesis upon which to work, 
the qUe$tion may be left out of consideration in this place. 
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Of the" swamped" genera, only about half are herbs, while 
of the unswamped, herbs are 88 per cent. Of the unswnmpcd 
genera with no endemics, 85 per ('cnt. 1l,re herbs, while of those 
with endemics 80 pef cent. are herbs. From thes,' figures it 
would Seem that the evidence is just as good for th(' connc('tion 
of "vamping and woody nature as of swamping and s!:". 

The Coniferae arc probably older than the flowering plants, 
and as they have no wides at all in New Zealand. this sp,'aks ill 
favour of age, but they arc also all woody plants. Th,' }'crns. on 
tbe other hand. which are probably older again, show very little 
hs'wamping, 'l only 5 genera out oCBl exhibiting this phenomenon. 
Of these it may be noted that three arc the only tree-ferns ill 
"'ew Zealand. The remaining two, and all the unswampedgen,'rn. 
are herbaceous. It is evident that the question of swanlping 
must be disentangled from the question of the relatively greater 
age of woody vegetation, but inasmuch as woody vcgdation jn 
general is probably older than herbaceous, it seems probable 
that swamping goes to some extent \~tith age. 

Actual measnrements .show that the average range in New 
Zcaland of one species of a swamped g'C'nl1S is 509 miles. which 
within a ycry close approximation is the same range as that of 
the whole tiora of New Zealand, and considerably more than the 
a"crage range ofthc total of the speeies endemic to Nc,,,· Zealand, 
or Xew Zealand and its outlying islands, which is only 446. On 
the whole, therefore, one may probably say that these "swamped" 
genera are older than the unswampcd. 

Further confirmation of this "iew may be obtained from the 
fact that 45 of the swamped genera reach the outlying islands 
round New Zealand, while only 27 of the unswamped clo so, 
though the latter are much more numerous. 

There is a possibility that with mere passage of time species 
may undergo change, and it may be that H swamping" is some
thing of this nature. 

An important fact must be noticed in considering this objec
tion, that the genera without" wides" behave just like those 
that include such. They have (cf. the map of Gun1U?Tu in New 
Zealand, p. 158) similar local distribution; their centres of greatest 
density are the same; their proportion of species belonging to 
the different classes (i.e. the classes in order of area) is thejame 
when several genera are taken. If the endemic species of the 
genera that possess wides are dying out before the competition 

W.A. 
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of the latter, then the same thing is going on in the genera that 
possess none, i.e. they are dying out without competition, and 
at the same rate, a remarkable fact. If endemics are local species 
developed in response to local conditions, then it is very remark
ahle that in the genera where they Mve not heen able to kill Ollt 
the wides, the latter should occupy the largest range (cf. map 
of Ranunculus, p. 156, or almost any other genus of Ceylon or 
New Zealand that posse"cs wides). 

\Vhat the explanation of H swamping" may be is not as yet 
dear, though it seems probable that it goes to some extent with 
the mere age of a genus, especially if of woody habit. But its 
existence does not in any way prejudice the validity of Age 
and Area as an explanation of distribution, for the presence 
or absence of wides makes no difference to the behaviour of 
genera. 

Another objection is (29) that much detailed work is being 
done in splitting up large and wide-ranging Linnean species into 
micro-species, and that this will destroy the value of my work, 
as I flaY<' dealt only with Linnean species. This, translated into 
tenns of the figuret> which have been given in Chapters VI-VIII, 

means that species arc being removed from the column of 
H wides" into that of endenlics, and perhaps usually to near the 
bottom of this. The result will not be to undermine my work. 
but rather to strengthen it. As one of our leading ecologists says 
in a letter to me, and underlines, H this will be strongly in favour 
of your Age and Area hypothesis." 

It is also objected (30) that species with wide distribution are 
usually found in an early stage of the plant succession. This is 
practically the same as the old axiom of the systematists" sim
plicity of type goes with increase of area." Later species in a 
country that is undergoing change of climate will tend to be 
adapted to more strictly local conditions. and their spread will 
therefore he hindered by ecological boundaries. But it is to 
some extent a single-species objection. 

The general objection, never perhaps expressed in so many 
words, but running through a numher of those actually given, 
(81) that Age and Area does not agree with ecological results, 
is largely answered in what has heen said above. Age and Area 
worko over much longer periods than does local ecology, and 
must not be applied to single species, and it must not be for
gotten that it is not a mere unsupported hypothesis, with no 
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facts to back it. It rests upon a large num ber of very clear and 
definite figures, which are so eonsonant with one another that 
they must be explained; they cannot be passed by as unimport
ant, any more than can those upon which .Mendel's Law is based. 
Further than this, Age and Area has been nsed as the basis for 
numerous predictions, all of which have proved to be correct. 
Unless, therefore, some other hypothesis can be found to explain 
the facts, and make the predictions, and that a mechanical 
hypothesis, on account of the mechanical regularity of tho 
figures, Age and A rea must be regarded as holding th~ field for the 
present. 

Ecological factors work at right angles to the age factor, to a 
considerable extent, and on groups of allitd species. taken over 
a long time, their influence will then rarely be visible, as regards 
total areas. The objections of the ecologists should, it seems to 
me, largely disappear when they fully realise the meaning of 
the careful provisos with which Age and Area is hedged about. 
Not only are there thos~ already considered (groups of ten spedes, 
and allied species j, but it is also pointed out that conditions 
must remain reasonably constant. A serious change of con~ 
ditions is bonnd to make a great change in the dispersal rate of 
the plants subject to it. If it only comes after the plant has 
.already spread into the neighbourhood affected by it, it will 
probably make little difference, unless it reach the margin of 
the area to which the plant has reached. Merely to exterminate 
a plant in a portion of its range does not affect the total as 
marked by the outlying stations. 

Further than this, it is expressly stated that great modifica· 
tions rna y be introd uced by barriers, including ecological changes, 
changes of climate, and the like. All these provisos, taken to
gether, Seem to me to make sufficient allowance for any possible 
ecological influences, and the fact remains, as just stated, that 
the figures, which are incontrovertible, go to show the great, 

,and indeed overwhelming, effect of mere age, when working 
with a group of allied species over a long period. 

As has already been pointed out several times, age in itself 
eHects nothing, but the average result of the operation of 
ecological and other factors is so uniform, when one works with 
long periods, that the average rate of dispersal is also' very 
uniform. Barriers may of course eompletely stop it, but usnally, 
perhaps, only when they are physical, or due to such a cause as 

'1-4 
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a very marked alteration of climate. Ordinary ecological barriers, 
which most often, perhaps, are not very broad, will usually 
only be able to check it, The check may be long.lasting, but 
often the succession (pp. 51, 20) which usually occurs in plant 
societies may give opportunity for passage. Further, by working 
with groups of ten one allows for chance differences, and by 
working with groups of allies one obtains groups upon which 
all the various factors will probably operate in a more or less 
uniform way, so that their rate of (total) dispersal will be more 
or less uniform. 

Finally, one writer does not like big changes: (82) "if the 
camel can go through the eye of the needle, the gnat can follow." 
In other words, presumably, if age can produce such effects, the 
various later conclusions to which we shan presently proceed 
will present little difficulty. But if large changes were not 
sometimes made in our way of looking at things, progress 
would he remarkably slow~ Even if the new point of yiew is 
not permanently adopted, it will do no harm to spend a little 
time there. 

In conclusion, it may be noted that many of these objections 
will perhaps cease to be urged in view of the interesting facts 
to be brought up in the next rew chapters, facts which will 
quite possibly educe an entirely fresh set of objections. 



PART II 

THEAPPLICATIOKOFAGEAKJ) AREA 
TO THE FLORA OF THE WORLD. 

AND ITS IMPLICA TIONS 

CHAPTER X 

THE POSITION OJ<' THE AGE AND AREA THEOHY 
By H. B. Guppy, M.B., F,R.S. 

\\7 E would sometimes infer that there is only OIl<' way ofrcgard~ 
ing the central problem of Plant-Distribution. If this were so, 
di~triLution would stand alone among the great studies of plant
life, and it would be particularly unattractive and uninteresting. 
GCIl€'rally speaking, the nlorc numerous the standpoints, the 
more complete will oe OUf grasp of the problem. The surveyor 
who has the most accurate conceptions of the extent and out
liues of a great mountain range will be the man \vho has viewed 
it from the greatest variety of stations, and so it will be with the 
student of distribution. 

The fewer limitations we impose upon ourselves at the start. 
the better progress shall we make. Some arc inevitable, but they 
should be light easy burdens that do not gall. Thus when we find 
ourselves constrained to associate OUT point of vjcw with the 
story of Evolution, we are at ol1ce confronted with the query as 
to the kind of evolution implied. What is the genetic sequence 
in the scheme of the ordinal, tribal, generic, speeitic, and varietal 
types1 It is possible to hold views in this connection that are 
as far asunder as the poles. In the case where we begin with the 
larger groups we have evolution on a plane, or differentiation 
pure and simple. The basic principle here involved, the change 
from the Simple to the Complex, from the General to the Par
ticular, from the Homogeneous to the Heterogeneous, is at the 
hack of the development of life OIL the earth. It is symbolised 
in all natural systems of classification and in the daily practice 
of the systematist, and was a pact of the faith of the old 
philosophers. 
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On thc other hand, to lay down, as the Darwinian evolutionist 
does, that the order of development begins with the variety, 
varieties diverging into species, species into genera, and genera 
into families, is to reverse the method followed in nature, since 
it implics that the simpler, least mutable, and least adaptive 
characters that distinguish the great families are the last de
veloped. This could never have been. Nature has ever worked 
from the simple to the complex, from the general to the par
ticular. Had she followed the lines laid down by the Darwinian 
school of evolutionists, there would be no systematic hotany. 
All would be confusion. There would be no distribution in the 
sense in which the term is generally understood, and the plant 
world would be a world of oddities and monstrosities. This is 
the view expressed by the writer in his volume of West Indian 
Observatians published in 1917, p. 820 (47). 

It is this incompatibility between theory and practice that has 
given Dr Willis his opportunity. Under the glamour of Darwin's 
grcat theory Distributionists lost touch with old basic principles, 
and it is as an endeavour to establish the old connections, or as 
an effort to return to the pre·Darwinian position, which we have 
largely abandoned or forgotten, that the Age and Area hypo· 
thesis will find its place. The vain attempts to bring together 
ends t.hat could never meet, and the failures to reconcile views 
that were hopelessly apart, have all prepared the way for a re
consideration of the central problem of Plant· Distribution. 

Until we are in agreement about essentials we cannot utilise 
the evolutionary standpoint for a general view of the subject. 
The possible standpoints need much further exploration, and 
several of the oldest have been forgotten. At any time a dis
tributionist is liable to be held up by a query that in some quaint 
old-time fashion will raise an issue that has been floating in 
men's minds through the centuries. Distribution bristles with 
the points made by the old philosophers, and many of our new 
notions can there be matched. We cannot tum up any of the 
old abandoned fields of research without unearthing some of 
these old notions as fresh and as sound as in the days of their 
entombment. But the query may belong more to our own time. 
Thus one might be asked for the real significance of the fact that 
we could found the Institutes of Botany on much the same 
principles whether we based them on the flora of China or of 
Peru. One of the implications of a recent paper by Dr Willis (135), 
in which insular and continental floras are compared, is con-
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cerned with precisely the same point. The question may be IIn
answerable; but there are those who might see in a primeval 
jumble of family types the background of the whole story of 
Distribution. They might regard it as the most significant indic,,· 
tion of the great antiquit.y of the higher plants, and they would 
see in this world-wide mixture of family types the impress of the 
lost Mesozoic ages on the history of the flowering plants, ages of 
unceasing re\'ollitionary ehanges in the relations of land and sea. 
They would see in this world-spread mixture the materials on 
which the great laws of deyclopment have operated in th,' later 
ages. Such would be their standpoint. But the problem may 
prove to be one for the biometrician; and we may perhaps be 
able to learn from him in the case of other world.spread mixtures 
of organisms of different types the significance of the develop· 
ment of uniform mixtures of types in Time. 

There is another way of approaching the central problem of 
Distribution, and that is best typified in the case of the gold. 
min .. who, guided at first by a faint show of colollr in his pan. 
follows the clue through until he finds the reef. This is pretty 
mnch what Dr Willis has been doing for years in the working ont 
of his Age and Area theory. With a history of small beginnings in 
Ceylon long ago, it is still in the making, and we can watch its 
development. It is assimilating as it grows numbers of ideas that 
have been floating in the minds of biologists for generations, and 
linking together others that have always been difficult to place. 
Its tendency to unify and co·ordinate a' it develops are two of 
its striking features. The writer's attitude towards it may be 
thus stated. Recognising that we had here a courageous and 
persistent effor!. to utilise the statistical method in getting behind 
the distribution of living plants, the question whether it was 
wrong in this or wrong in that did not seem to be of primary 
importance. For years the writer had been approaching the 
subject of Distribution from the opposite direction, that is, from 
the a priori side. Like many a general theory that had not been 
linked up with the other side the one that he ad vacated (a theory 
of differentiation of generalised types) stood still for lack of 
verification; and there were echoes in his memory of the despair. 
ing counsels of those in this and other lands who regarded Dis. 
tribution as beyond the pale of human endeavour. So that when 
he realised the possibilities of far greater extension that lay 
behind the Age and Area hypothesis, the question for him was 
not Whether Dr Willis was right or whether he was wrong, but 
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where he was heading for. Here was a daring attempt to get a 
grip at things from the inductive side, and the question was
Which among the general theories will prove to be its goal? 

But the prospects of the new theory at the outset wefe not 
promising. Botanists had been inclined to regard the statistical 
treatment of distrjbutjoll as illusory, and the beljevers in what 
Watson termed HSpeci(·s-arithmetic') and Humboldt named 
"Arithmetic3{, botanic('s" were fc"w. Yet Hooker, with the sper's 
outlook, took the true meaning of thing!-' three-quarters of a 
century ago when he wrotC': 

All seem to dread the making Botanical Geography too exact 
a science; they find it far casier to speculate than to employ the 
inductive process. The first step to tracing the pl'ogrrss of the 
creation of vegetation is to know the proportion in whieh thl" 
groups appear in different localities, 11. relation which must be 
expressed in numbers to be at all tangible (57, VoL 1. p. 438). 

A generation Iater~ when Hemsley at his suggestion took up the 
prclinlinary statistical tn'atm('nt of floras in the introduction to 
his great work 011 the botany of Central America (51), Hooker 
characterised the subject as ,. that most instructive branch of 
phytoJ:wography.H The lode was rich ill promi~c, but he pas"icd 
it bv. How was this? 

Ii is clear from his lecture on Insular Floras (142), and from 
different letters written in the sixties, that the Katllral Selection 
theory offered to him" the most hopeful future" for an adyauce 
on th(' problems of plant·distribution from the inducth'c side. 
In that lecture he also shadowed out a general notioll of "C"n
trifugal Variation operating through countless ages." It appears 
almost as a suggc·stion, but the idea had been evidently floating 
half~forlned in his nlind ever since he wrote his essay on the 
Tasmanian flora in the late fifties. It was the nucleus oi a theory 
of Divergence or Differentiation that acquired marc definite out
lines as time went on, since it reappears in the intensely interest
ing account of a talk with Darwin which is given in a letter to 
Huxley in 1888 (57, n. p. 806). 

We can perhaps understand the long intervals of time now. 
For the confirmation that such a theory would have derived 
from a line of research instituted on Darwin's lines was denied 
to him. The two proved to be incompatible. For no inductive 
process based on Darwin's lines could have found its goal in a 
theory of centrifugal variation. "I well remember," Hooker 
describes in his letter to Huxley in 1888, "the worry which that 
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tendency t.o divergence cause<! him (Darwin). I helie,'" I first 
pointed the defect out to him, at le",t I insisted from the first 
on his entertaining a crude idea which held that variation WIIS 

a centrifugal force, whether it resulted in species or not." Huxley 
was in the sam(> eMf'. }~or he held dews of th(· general dlf[ert~ntia .. 
tion of types, and his road that would lead to the disc(lwry of 
the <,auses of (_·volution started fronl the Darwinian position, 
That road was barred to him. 

The secret of the SUCl'e" of Dr Willis is that I", works with 
limited objecth-es and is alwllYs fref' to shap{~ hi15 {'ours(' a('cord
ing to his results. A distant objective with a spccifh·(I ~r('neral 
theory of distribution as his goal might ('(lsily h.ave hrought him 
to the ground. As it is, }1(' has struck a wonderful trail thRt 
seems to increase in promise as he adnlllCCS. But thr- logieul 
outcom(' of establishing his theory sncc{'~siv('ly for the spcci('s, 
the genus, the tribe) and the family, is a g~ll(>l'~l theory of 
differentiation. In other words, it will bring him to the pre
Darwinian position. Once' there, he will enjoy greater freedom 
in his choice of rotlte~ and methods, and n('w and UlH.'xpert(.~d 
fields of research will be opened lip all around him. This "ote 
may be conc1uded with a brief reference to a few of the more 
remarkable features of a theory that is still in the making. 

Though thc linking up of old ideas that have heen without a 
resting place for gClll'ration::. is mainly incidentaJ. it is none the 
less significant. I gather from Dr ,,'illi, that his "alliterative 
series," as he terms it, which began with" Age and Area," is 
increasing in its numbers as his work proceeds. Thus we have 
Antiquity and Amplitude, Rank and Range, Size and Space, 
and several others, some of them o\'erlapping, but each with 
its own variant, and some again capable of considerable cxten~ 
,ion and amplification. Thus Rank and Range implies Simplicity 
>f Type. and Increase of Area, a very old principle long recog
lised in the theory and practice of pre· Darwinian systematists. 
,implicity of Type goes with Variability, another old principle, 
[f, therefore, the simplest organisms of a group arc the widest 
:listrihuted and the most variahle (ideas old enough and true 
mough) it is among them that we ought to look for examples 
)f genera that have arisen independently in different parts of 
:heir areas, as in the case of Senecio, the most primitive form of 
.he Compositae. Incidental as such results may he, Dr Willis 
nay well claim that his materials are working for him. Whilst 
Ie is following a definite plan, much is happening that was 
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neither premeditated nor foreseen. Just as a river wearing its 
way into a mountain-mass unites in a single system widely 
separated streams by capturing one water-head after another, 
so the Age and Area theory in its advance is bringing about the 
coalescence of principles that we have been wont to consider as 
things apart. 

This may be the luck of the trail. But at all events we have 
to distinguish lx·twcen the direct and indirect results, and one 
scarcely knows which will prove to be the most important out
come of this investigation. It is difficult to speak of work still 
on the stocks, but we will expect to find in the results of the 
tabulation of the genera of the flowering plants a survey of the 
distribution of some 12,000 genera over the great regions of the 
globe. Endemism will figure more as a world-affair than as a 
peculiarity of localities, and some unexpected results are to be 
looked for in a treatment of endemism in the mass. Then there 
will be the story of the monotypic genera that appropriate 
almost two-fifths of the total of the genera of the flowering plants ; 
and their part in the forming of the curve of all the genera 
grouped by the number of their species will prove to be a 
triumph for the mutationists. A closing word may be said of 
the great labour involved in the preparation of the tabulated 
results, of the weeks of counting to establish a single point, and 
of the wearisome recovering of the ground to make some doubtful 
point assured. Since it was the purpose of the writer to place 
rather than describe the Age and Area theory more cannot be 
.aid here, 



CHAPTER XI 

THE FURTHER EXTENSION OF THE 
APPLICATION OF AGE AND AREA 

IN most of the work so far published, and in the first part of 
this book, Age and Area is used only within narrow limits, as 
applying to the flora of 8 single given country. But this is a 
purely arbitrary limitation, and was adopted in order to render 
less complex its application to the problems of distribution; 
and in this second part of the book Age and Area will be 
applied to genera as well as to species, and to the flora of th" 
world as a whole. 

Like Age and Area itself, its twin principle, to which I give 
the name Size and Space, has also been used as yet in a limited 
way, e.g. on p. 71, where it is pointed out that ge.nera that are 
represented in a country by several species are likely to be (on 
the average) older in that country than genera that are only 
represented there by one. The exact graduation of commonness 
with number of species which is there shown indicated that this 
principle was also capable of extension. and it is expanded in 
Chapter XlI into the more general proposition that within any 
circle of affinity, the laIger genera will be the older, and when 
taken in groups of ten allied genera will be older in rongh pro
portion to their numbers of species. 

This supposition is very strikingly confirmed by an examina.
tion of the British flora, which shows that the distribution in 
Britain of the most widely distributed species of each genus (on 
the average of the whole number) varies with the number of 
species that the genns possesses in.Britain. The same is the case 
,,~th the second, third, 'fourth, and so on to tenth, most widely 
distributed species in each genus. Extension of the principle to 
the whole world is then illustrated by aid of the Helobieae, by 
reference to Prof. Smail's work on the Compositae (in the next 
chapter), and also to many other cases given below. The general 
result, therefore, is to show that Age, Size, and Space (or 
Area) go together. 

In the next chapter Prof. Small shows how Age and Area can 
be applied with effect to the distribution of a single family, by 
dealing with the Compositae. The average generic area is deter-
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mined for each group of the Compositae, and it is shown that on 
the whole it increases with the increasing age of the group as 
deduced from phyletic, morphological, and geological con
siderations. This agrcenlent fonns a strong argument both for 
th" gen('ral correctness of Age and Area, and for that of the 
prC\'ious]y deduced genetic relationships of the different groups 
of Compositac. 

III the second part of the chapter Prof. Small takes up th" 
application of Size and Space, showing that it holds ,'ery well 
indeed as a gCJwral TU]" in this famj]y, so that here, as in other 
cases, "both the average generic area and the RYCrage number 
of species per gelllls are closely related to absolute ab'C'" Age~ 
Size, and Space go together. 

Mrs Reid then takes up the application of Age and Area to 
the fo.,sil hotany of comparatively recent times, especially the' 
Pliocene and Pleistocene, She shows how great have been the 
migrations to and fro, north and south, of the floras of the 
north temperate zone, and discusses the applicability of this 
proved migration to the flora of N c\v Zealand, leaving the 
question finally open for s(~ttlement by geological evidence. Dis
cussing then tl](' flora that at one time occupied the complete 
circle of the north temperate zone, and which is now confined 
to l\' orth America Of to China, or to both, and often a good deal 
broken in distribution. she shows that the existing dispersal 
may probably be attributed mainl), to the effects of the Glacial 
period. 

It is thcn pointed out that it is this unquestionable fact that 
a good many existing strictly localised or endemic species are 
sun,ivors of races that once flourished widely, that oifers the 
greatest stuIllbling block to the acceptance of Age and Area, but 
that there is no insuperable difficulty in the acceptance both of 
this fact and of Age and Area, for the latter is reasoning from the 
mass, the fonner from the individual, and while perhaps 1 pel' 
cent. of the grand total of endemic species are relics, the rest are 
not, and in reasoning about the mass the former are quite lost, 
There is good evidence to the effect that many or most of these 
sUf\ivals are due to the effect of the Glacial period, and on the 
whole, therefo~e, the verdict is in favour of Age and Area. 

Endemism and Distrihution of Species are then considered in 
Chapter xv, and it is shown that the phenomena presented by 
endemic species in their distribution are simply a miniature of 
those presented by species in general, and that the distribution 
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of both can be graphically represented by H hollow cun'eg l ," like 
those in the fig. on p. 155 (and cf. clearer figure on p. la), with 
very many species occurring upon Ycry small areas, the numbers 
rapidly diminishing towards the ar('as of moderate size and then 
more slowly to those of large Si7R. 

In ,'iew of these and many other facts brought up. and of 
which a sUlllmary is given upon p. 159, it is no longer possibll'. 
except in comparatively ran' ('ascs, to regard t"ndcmic species. 
either as relics or as special local adaptations j though of course 
if not adapted to the local conditions its tlwv existed at tht> time 
of their birth, they would be promptly killed out by natural 
selection. The explanation offered by Age and Area. that specics 
of very small area of djspersal are in general young begjnncrs, 
and that area occupied increases with age, seems the only pos
sible one for the weat majority of species. ~ot only so, but age 
proves to be by far the most important factor in the dispersal. 

III Chapter XVI Endemism and Distribution of Genera arc 
dealt with, and it is shown that the phenomena presented arc 
exactly parallel to those exhibited by species. and that the dis
tribution of endemic genera is similarly a miniature of that prc~ 
serrted by genera a.s a whole, The areas occupied by thc gcnera 
of a gi\rcn family are arranged like those occupied by the species 
of a given genus. There arc very rnany upon cOlnparativcly 
smaU areas, and Dlany on the areas just a litHe larger, whHst 
there are hut few upon areas that arc really large. A., one would 
expect from a consideration of the hypothesis of Size and Space, 
one finds that the sizes of the genera thcrns("lves (in nunlber of 
their species) go mainly with the area occupied, so long as one 
keeps to the allied forms of a single family. The bulk of the 
genera of very small area are monotypic, or have but one species 
each, while the hulk of those of very large area have very many 
species (average 59), those with intermediate size of area having 
intermediate numbers of species: Plotting of the genera, whether 
by size or by area, thus gives hollow curves. While the latter 
represents their geographical distribution, the former obviously 
represents their evolution. 

The same hollow curve type of distribution shows itself if one 

1 The~' hollow curve" arises when numbers are plotted as a graphic curve 
which are large for the first two or three cases (e.g. in the fig~ on p. 174 the 
first three are 40, 15, and 8, or much more than half the total of 1(0), a.nd 
then taper away gradually in a tail (e.g. the remaining 87 are divided among 
the groups of families from the 4th to the 29th). There is a large drop from 
the first to the second, and from the second to the thUd or fourth. 
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sort into sizes the genera confined to any section of the world, 
whether it be an individual island, or a larger area of territory 
like Africa or South America, or whether it be the entire world 
itself. Always there are many monotypes with a rapid drop 
through the ditype. and tritypes, and a longer or shorter tail of 
larW'r genera. 

The supposition that endemic genera are usually relics, as well 
as the other that they are usually local adaptations, must be 
ruled out of consideration in view of the facts brought up, and 
the only supposition that at present seems at all feasible is that 
provided by Age and Area, that in general they are young 
beginners. This is also shown hy the faet that the proportions 
upon islands in the different families are not unlike the pro· 
portionate sizes of these families in the world. 

Passing on to Monotypic Genera in Chapter XVII, it is shown 
that these, which are usually much localised, display the same 
phenomena. They are very numerous, over 38 per cent. of the 
genera of the world containing only one species each, while there 
are about 18 per cent. of ditypes, these two therefore containing 
more than half the genera in the world. The.proportion of mono· 
types fall' off with increasing size of area, and the proportions 
of genera of other sizes bear a definite relation to that of mono
types, showing that to explain these in general as relics or as 
special adaptations would be absurd. They must nsually be 
young beginners. 

Not only do these numbers, when plotted, exhibit a beautiful 
hollow curve for the distribution into sizes of the genera of the 
world, but the same thing is shown by every individual family. 

Other arithmetical relationships between the monotypes and 
other genera, depending upon the size of the area considered, 
are also pointed out. 

Chapter XVIII deals with the Hollow Curve of Distribution 
and shows, by summing up what has already been said, how 
universal this type of surve is, not only in the distribution of 
species and genera (endemic or not) by area----Geographical Dis
tribution or Distribution in Space-but in the distribution of 
genera into groups according to their number of species-Evo
lution or Distribution in Time. It is clearly evident throughout, 
and usually in a very marked and unmistakable way, and goes 
to show that Evolution and Geographical Distribution have gone 
on "mechanicallY'." The former appears to have been organised 
at the start upon a definite plan, and its further unfolding, and 
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the distribution of species about the globe, have been chiefly 
determined by age, when one is dealing with the mass of species, 
the various other causes that may be operative-ciimatie, eco
logical, geographical, geological, etc.-simply causing deviations 
to one side or the other, but not permanently diverting tht· 
dominant plan. Age and Area obviously, therefore, beeomes a 
corollary of the larger law. 

But if this be so universal a rule in plants, it is obvious that it 
must probably show in animals also, and Chapter XIX shows 
that this is actually the ease, and that it is exhibited as clearly 
in the animal kingdom as in the vegetable. 

The question of Origin of Species is then touched upon 
(Chapter xx), and it is shown that probability is much in favour 
of mutatiou as against infiuitesimal variation, and that the 
effect of the recent work upon distribution and evolution de
scribed in this book is to make extremely probable the con· 
tention that I have frequently put forward, and which is now 
accepted by Prof. de Vries, that mutations may at times occur 
of the necessary H size" to give rise at once to Linncan species. 
If one such mutation survived in fifty years, the whole existing 
population of flowering plants could be evolved in eight million 
years, which is perhaps less than 25 per cent. of the time that 
has actually been available for, and occupied in, their evolution. 
If evolution be a predetermined result, then it is clear that 
advantage as guiding it is ruled out of acceptance, and it is 
difficult to see, upon this ground alone (though there is strong 
evidence upon other grounds), how anything but direct mutation 
giving Linnean species can be effective. 

In the following chapter (XXI) Prof. de Vries deals with the 
relations of Age and Area to the Mutation theory, first pointing 
out the essential difference between this and the theory of 
infinitesimal variation. In the latter there is no cbange in the 
genes, or material bearers of characters, but merely a fluctuation 
or oscillation of the emphasis of the characters about a mean 
value, so that in one member of a group of plants of common 
descent a character may be large, in anotbel' small, and so on. 
In the theory of Mutation, the changes have involved the genes, 
the alterations in these resulting in permanent and usually 
hereditary differences in the organism. 

Prof. de Vries then points out that while Darwin recognised 
that both mutation and fluctuation might result in new species, 
the material of facts at hand was insufficient for any kind of 
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definite proof, and he decided in favour of the latter. The theory 
of natural selection of infinitesimal variations has~ however) met 
with great and increasing difficulties in explaining the general 
occurrence of useless characters, or the manner in which natural 
selectioIl can take hold of the first beginnings of a change. It is 
now generally recognised that the bulk of the morphological 
characters by which the systematic arrangement of plants into 
related groups is carried out have no physiological value to the 
plant at all. 

At this point Age and Area comes in, showing that the dis
persal of species is largely ind('pendcnt of their distinctive 
morphological characters, for c,·en in the younge.st of thenl 
(those most limited in area) no relation can be pointed out be
tween these things, and yet the conditions under which these 
very confined species arc living must approximate at any rate 
to those under which they began. One must therefore conelude 
that specific characters hayc cyoIved without any relation to 
their possible significallcc in the struggle for existence. Area 
occupied depends mainly upon age, and not upon morphological 
chara(>ters (of course there are many exceptions); species spread 
where they find suitable conditions, and the adaptation is not 
on their side, but in the long run they choose the best en'dron~ 
ment. Prof. de Vries regards this as being the great proof which 
the mutation theory still wanted for its complete acceptance. 

Finally, a brief chapter (XXII), which does not lend itself to 
a summary in advance, is ghen to show the general bearings of 
the subject-matter of the book upon the study of distribution. 
Age and Area, and Size and Space, arc both so valid, and can 
be so successfully used to make predictions about geographical 
distribution, and these predictions are so near to accuracy, that 
it is clear that in general distribution has been mainly governed, 
positively by age, negatively by barriers (of course including 
ecological barriers). This being so, it seems probable that a yery 
promising line of work for the present may be the study of 
invasions of plants, of course taken in connection with ecological 
investigation into the formation (or disappearance) of barriers. 
Age, and geographical proximity, again, will have to be taken 
into more serious account in dealing with taxonomic questions, 
and there are other directions in which the changes in our methods 
of viewing problems of distribution that seem necessary may 
produce considerable effects. 



CHAPTER XII 

SIZE AND SPACE 

\\l E have already pointed ont. on p. 71. that OJ] the avera!!'e 
the larger families and genera in " country will probably be the 
older tbcre. inasmuch as it is highly improbabl" that the single 
~peci{'s of a genus repres('nted only by one would always arrive 
as soon as the first species of a genus represented by many. The 
tendency will be for the latter to arrive first. and if, as Ag(' and 
Area indieates, there is but littJe killing out of species once 
established. one will expect that the first arrivals will have spread 
the most. It is obvious, of course. that one must work with 
averages of considerable numbers to obtain reliable results, but 
it st.·ems to me that this extension, for which I propos(' the name 
Size and Space, may he given to the original idea of Age and 
Area. Undcr this supposition Olle will say that on the whole, 
kr-eping to thf' same circle of aJlinity, the larger families and 
genera will b,' the older, and will th,'r('f{)re OCCllpy the most 
space. This, however, irlYolves a break with the' long current 
idea, that the larger families and gen('fa arp the successful ones, 
the smaller the (comparati\'c) failures. 

This principle obviously follows, onCe the (~entral principle of 
Age and Area is recognitied. and it i~ further realised that destruc .. 
tion of species by natural sdection takes pIae(' ,"",hen they ure 
nev..-Iy born and occupy minute areas of ground, and not when 
they are once established on a reasonable area. Destruction 
thc~, so far as we can see, wilJ rarely happen, excC'pt in the case 
of some great change of conditions, silch as the secular drying 
of climate, which (among other things) is apparently responsible 
for the fact that Cupres",us macrocarpa, etc .. are now apparently 
dying ont (or rather not expanding) in California. 

One may get very good evidence in favour of this view by 
applying it to such a flora as that of Britain, for which there are 
good statistics of distribution available. If we take the distribn
tion of the plants by the number of Watson's "vice-counties" 
that they reach (37) we get the table on p. 114. 

The diminution of the numbe" in every line from left to right 
of course means nothing, for the species are taken in order from 
first to fifth most widely dispersed. Bnt all the columns al60 

~~ 8 
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Table showing (in the horizontal lines) the average number of vice
counties in Britain reached by the most widely distrilmted species 
in each genus of dijJerent sizes, and by the seclmd, third, fourth, 
and ftjlh, most widely distrilmted species in each genus. 

Genus of 
Ov('r 10 species 
6 to 10 
5 species 
4 
:1 
2 
1 

1st 

Average number of vice-counties 
reached by the 

2nd 3ro 4th 5th 
spe«ics species species species species 

)08 104 96 86 71) 
108 84 64 49 88 
98 7(1 39 22 16 
89 61 35 I. 
8. 48 27 
7:l 33 
50 

show a steady diminution from top to bottom, whether the first, 
second, third. fourth, or fifth species be taken; and examination 
of the fl'maining figures shows that the rule holds equally well 
for the sixth, seventh, eighth, ninth, and tenth most widely 
distributed species. The most widely dispersed species of a large 
g(,nus (i.e. a genus with many species in Britain) is (on the average) 
more ,,~dely dispersed than that of a genus with 6-10 species, 
this than that of a genus with five, and so on right down the 
scalc, and the same thing shows with the second, third, fourth, 
and fifth t.o tenth most widely distributed species. Nothing but 
a mechanical explanation can explain such lllechanical regu
larity. If the vital, climatic, or ecological factors had many 
differences, other than purely local, in their action, one would 
expect some breaks in the regularity, but there are none. The 
genera occupy areas in Britain in proportion to their numbers 
of species there, and age has been the overwhelming factor in 
their distribution. 

As the species of those genera with one species each average 
50 vice-counties, and those with two 78 and 88, one may imagine 
that on the average one species in the laUer genera arrived before 
the solitary one of the former. In the same way (as indicated hy 
the vertical lines in the table) two species in the genera with 
four or five, three in those with 6-10, and at least five in the 
larger genera, probably did so. 

Such results as this, which could be easily multiplied, go to 
show that in a given country the area occupied by a genus 
increases (on the average of considerable numbers) with the 
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number of species representing that genus in that country, or. 
in other words, that the principle of Size and Spaee is valid. 
Very little consideration, however, is required to show that ill 
general a genus of many species occupies a larger area than 1\11 

aUied genus of few species. It is not perhaps always realised 
how close the agreement really is, when one considers a number 
of allied genera (as with Age and Area) between the size of a 
genus (as marked by the number of its species) and space occu, 
pied. Everyone knows that Senecio or .4atrQ{lalu.., with 1500 or 
more species, occupies an enormous area, whilst monotypic 
genera like Fatsia (Japan), or Welwit.<;cltia (south·west Africa), 
or, again, like !vnops;dium (Portugal) or Kitaibelia (Lower 
Danube) occupy small ones, and genera with intermediate 
numbers of species often occupy areas between these cxtremt's. 
But, on the other hand, people point' to such a genus as Hip
puris, with one nearly cosmopolitan species. or Veronica, with 
about 80 species in New Zealand, and maintain that there is no 
connection between size and space. Now there is no doubt that 
these exceptions to the- rule are very numerolls and very im
portant, so that it would be in the highest degree dangerous to 
draw a rule with limits as narrow as those for Age and Area 
(ten allied species); but we are, nevertheless, of the opinion that 
such a rule may be drawn, in such a form, say, as I., \Yithin any 
circle of plants of near affinity, lidng under similar ecological 
conditions. the arcas occupied, taking the genera in groups of 
ten~ will vary with the number of species in the genus .. b~ing 
large when that is large." It is to be noted that proportionate 
areas arc not claimed; one would probably have to deal with 
the genera by hundreds rather than tens for this. 

The number of species in a genus seems to bear a distinct 
general relation to the variety of conditions that exists in its 
range: for example, water plants in general have much fewer 
species than land plants that cover the same area. It is clear, 
ho"Cever, that this is not a complete explanation, for Veronica 
in the comparatively uniform conditions of New Zealand, or 
Eugenia or Strobilanthes in those of Ceylon, is represented by 
many species, while some species are able to stand a variety of 
conditions, such, for example, as Ciasampelos Pareira or Senecio 
vulgaris. On the whole, however, greater variety of conditions 

1 "There is no necessary relation between the area a genU6 covers, and 
the number of species it contain8~ though speaking generally, monotypes 
have a restricted area" (51, p. xxx). 
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means greater variety of forms, and as to obtain that greater 
variety of conditions lneans in general larger areas, size of a 
genus and space fJCcupied go largely together. 

A good proof for the general eorrectncss of Size and Space is 
that, as we ,hall see in more detail below, the further out we go 
among the islands, the larger on the average do the genera 
become (in the number of species they contain in the world). 
Whilst the world average for a genus is 12-13 species, the non
endemic genera found in India contain on the average about 
50 species in the world, in Xcw Zealand about 75~ and in the 
Hawaiian Islands about {OO. 

Prof. Small (sec below. Chapter XIII) has worked out the hypo
thesis of Size and Space "dth refcfC'Ilce to the Compositae, and 
his results form a rema.rkable verification of its correctness in 
broad outline. and consequently a further proof that however 
much the distribution of an indiyidual form may be subject to 
the many and various factors already nlcntioned. on the average 
of largl> numbers the results go w."ry largely in accordance with 
the laws of probability, so that the distribution, under th,' steady 
pull of age. is, on thf' large scale, much more mechanical than 
we had pre\'jously been inclined to suppose. 

If one take again sHch a group as the order Helobi(~ae (7 
fnmiJit·s) which are ('hiefiy ,Yater or marsh plants, and closely 
rdah·d. one finds: 

4 ('osmopolitan genera, with 
12 gcnt'ru oceupyinl! large areas in the tropics, 

with 
2 g('ucra, temperut(> and suhtropical regions 

2(1 genera of small ar('u 

1:18 species; averag(' a4 

showing very clearly ho"'. size goes with space. And yet it is 
quite possible her~ as usual to pick out genera that go in the 
reverse direction; e.g. Zannichellia with one species is cosmo~ 
politan. while Philotria with five is confined to North America. 

On the whole, therefore, the principle we have laid down may 
be seen to he j nstified by the facts when large numbers are dealt 
with. But this is a recognised necessity of all statistical work, 
as, for instance, in working out results under Mendel's Law. 

Now, taking this principle together with Age and Area, it 
is dear that Age and Size, or Antiquity and Amplitude, if an 
aJliteratiye title be preferred, go together, and on the whole the 
larger a genus, the older will it be, within its own circle of affinity. 
No one would suggest that a herbaceous genus of 100 species was 
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of the same age as a tree genus with 100, but both will follow 
this principle as far as pOs<ible. It goes to show that on the whol,', 
as the area occupied in('Yeases. a gl'IlllS tends to bITak np into 
more and mOfe speciC's: only at times doe:; tlw original sp('('i{'~ 
of the genus cover the whole of its range "rhCll it has readled n 
yery large- area, and then most often when tht· conditions fiT(' 

very uniform, as in the ca."c of Zanllichellia for {'xamplc. In the 
case of thc· Podostemace<lc. where the ('onditions ar(' perhaps 
("\'en nl0re uniform, and yet a gn'at mNny S}w(,j(,s hUYf' "risf'n. 
Jt is dnE', a<;; I shaH hope to show in u_ later puhlication, tu the 
fact that the plants are always nnuer th(' influt'[wc of plag-io
tropism, to th(' greatest ('xtc-nt possible. 

If We tak{'1hc 28 largest g-CJwra in the world (51), we find that 
about 16 arc cosmopolitan in their distrihution, 5 arc cosntO

tropical. 4 tropical America, and Q,u>rC1f...~ Old 'Vorld. leaving 
only Erica and jln;cmb'Yl1nthemwn. whose large number of 
species is corrclatro in both cases )lith the fact. that they grow 
in South Africa, where the extrf'ffie condition.;;; S(~eln to tend to 
produce large numbers of specit,s, though, as we shaH hop(' to 
show in later publications, there are other factors in the mutt('r. 

;';carly half the 'pecies in the world (69,000 of 162,(00) brIong 
to 1]71 genrra that OCCllI' in both world .... (average 59 sp{'cips pCI' 

genus). while only 66.750 belong to 9671 genera that are con
fined to a single continent (average 7). and the 2026 genera of 
the northern palapotempcrate and th" palal'otropieal rCllions. 
ete. (i.e. widely distributed in the Old World) ha,-e about 2().250 
spe-cies (nulubefs from my Dictionary), and form, as one would 
expret upon the hypothesis of Size and Space. an interm{'tiiat<· 
between the other two groups (an"rage 13). 

Of the 28 large genera named above, the British IsIrs contain 
10. Ceylon 17, Xcw Zealand n. the Hawaiian Islands 14 and 
the Galapagos 15. Solanum (1225 species). Euphorbia (750), and 
Cyperus (400) occur on all five, and four others on four. of these 
groups. the only ones that occllr on none being Myrtia and Mam
millaria, Of the 244 genera that contain over 100 species, no 
fewer than 166 occur in both Old and New Worlds. 28 in tropical 
America, and 19 in the Old World tropics. leaving only 81 for 
the remaining smaller divisions of the world, like tropical Asia, 
which has only 7. 

In the same way, the smaller families usually occnpy smaller 
areas than the larger. and the question arises whether ther 
should be considered of equal rank to the latter. Guppr has 
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llggested a grouping of families into classes based upon these 
rinciples, for which he has suggested the title Rank and Range, 
nd it is clear that in all future systematic work, the question 
,f area must occupy some attention. 

Excellent examples of the application of the principle of Size 
md Space may be found below, e.g. on pp. 132, 164, 165. 
171-2,174, 178, 187-8, 190, and 197. 

SUMMARY 

If species spread in a country mainly in accordance with their 
age, then it is clear that on the average some of those in the 
genera represented by most species will have arrived before the 
first of those in the genera represented by few. This principle 
may be extended, and under the name Size and Space may be 
thus expressed; on the whole, keeping to the same circle of 
affinity, a group of large genera will occupy more space than a 
group of small. The space occupied will vary more or less with 
the number of species, 

Illustrations of the operation of tbis principle bave already 
been given in Chapter VII, and further examples are drawn from 
the Helobieae, and from the flora of Britain, while a good instance 
is also given by Prof. Small in the next chapter. Many other 
instances can be fOllnd, too, in later chapters. 



CHAPTER XIII 

AGE AND AREA, AND SIZE AND SPACE, 
IN THE COMPOSITAE 

By JAMES SMALl>, D.Se>, F>L.S. 

Age and Area. In a previous contribution to the study of the 
geographical distribution of the Compositae (103) many of the 
conclusions were based upon the Age and Area hypoth.'si, as 
far as the phenomena could be detcrmiued roughly by simple 
inspection of a series of maps which included all the get",ra. It 
was mentioned (103. p. 190) that although this hypothesis was 
stiIJ restricted to "age within a gh~en country. its proved exten
sion to absolute age and total area seems to be only a question 
of time and application." This extension of the orihrinal hypo
thesis, which was suggested in 1916 by the writer (t03, p. 208), 
has now been adopted by Dr J. C. Willis, and the present con
tribution consists of a critical analysis of the statistics for Age 
and Area in the Compositae in the light both of that extension 
and of previous phyletic conclusions. These previous snggestions 
were summarised as ~·the basis of future discussions H (103, 
p. 313) in a family tree which is reproduced upon p. 125. The 
statistical data are given in Table I, and were obtained by the 
following methods. (Table 1. pp. 120-124.) 

In order to avoid the unbalanced effects of the inclusion of 
nl"W genera which haye been discovered or resuscitated frc· 
quently as the result of special studies of only one or a few 
tribes, the data have been prepared only for the genera included 
by Bentham t'n the Genera Pla1liarum. The area covered by each 
genus has been determined approximately in millions of square 
miles. For this purpose lIlikania and Eupatorium have again 
(cf. 103, pp. 133 and 204) been taken as one genus, and so have 
Aster and Erigeron as two genera which are "so very closely 
allied that the transitional species are comparatively numerous 
and the genera in these cases are distinguished only by the so
called indefinable characters of the taxonomist" (103, p. 307). 
All genera occupying less than 1,000,000 square miles have been 
included in Class 1; while 59 other classes have been taken for 
the other genera, the total area of the land surface of the world 
being approximately 60 million square miles. This method is, 
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of course, only one of rough approximation, but the inequalities 
more or less cancel out when the genera are taken in groups of 
ten or more as specified for the Age and Area hypothesis. 

The average generic area has been determined by adding up 
the marks (= square miles in millions) for all the genera in each 
group and dividing by the number of genera. This "average 
generic area" has been determined for each tribe and sub-tribe 
in the Compositae, firstly, for the whole world (using my own 
notes); then for the Old World, all America and, in the sub
tribes, for each of the twelve great regions into which Bentham 
divided the world in relation to the Compositae (7), using the 
data given by that authority. The use of two sources for the 
data has introduced some slight discrepancies in the figures. but 
the value of the check also introduced by this method makes 
these slight differences of no real consequence. All these data 
are presented in Table I, and on the whole, taken in conjunction 
with the relative ages and sources of these groups as previously 
determined (fig. on p. 125), they form a striking corroboration, 
both for the Age and Area hypothesis and for the prerious 
phyletic conclusions. 

In accordance with the indications of a diphylctic origin of 
the Inuleae (103, p. 801), that tribe has been given in Table I 
as two, the Gnaphalicae (limited) which includes the first five 
sub-tribes (with the Gnaphaliinae divided into Eu-gnaphalieae 
and Helichryseae) together with half the Relhaniinae; and the 
Innleae (limited) which includes the last three sub-tribes to
gether with the other half of the Relhaniinae (cf. fig. on p. 120). 
The Inuleae as a complete tribe may, therefore, be omitted. 

Taking the tribes in order of origin, as given on p. 125, we find 
(Table I, col. 16) that the average generic areas range from 7·9 
(Senecioneae) through 6'5, 6'4, 6'2, 5'6, 5·5, 8·9, 5·a, 4·9, 4'5, 
4·8,3·6 and a·8 to a·6 (Calenduleae). In this list there are three 
figures not in series~'8 for the Arctotideae follows 3·6 for the 
Helenieae, and 4·8 for the Vernonieae follows 4·5 for the Eupa
torieae, but these two pairs of tribes are approximately of the 
same age (p. 125), and the relative positions could be reversed 
"~thout any argument. The third figure not in series is 8'9 for 
the Mutisieae, a tribe in which much geographical splitting of 
the genera largely increases the number of genera in proportion 
to the area occupied, thus decreasing the average generic area 
for the tribe. 

The gradual increase of average generic area with geological 
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age is shown even more strikingly when the m('an is taken for 
the tribes arising in ~ach sub-division of the geological periods; 
the Mutisieae are then the only exception in the series (Table II. 
col. 4). When the mean is taken for each period an unbroken 
series, running 7·2. 5'9. ~·6. ~·3. 3,6. is obtained (Table II. co). 5). 

Plioeellt' 

PrrId'le 
Lower 

MiOCflIlt' 
Vppf'r 

Midd[ .. 

Low~r 
Olig!IC('IW 

k~fJd{~ 
I LnWt'r 
i EU(';'lle 

I 
Vpper 

:\!iddlf" 
Lower 

I
I Crcta('(,I)US 

Upper 

TABLE II 

i C'uh'nduil'(\l' 

.\rdotidf'<W 
~ Helt'nieat> 
! \'t'rnonieat' 

EuplIotorif.'at· 
CYU31'!'U!' 

I!luieal' (ltd.) 
::o.luti."lleae 

Cichoriea,(· 
..\ntht'mid,>at' 
.\~t('l'ea" 

i Helial\tt~" 
, (inaphalit'M' (ltd,) 
I :-<('n('ociolwul' 

yo 

1 rn 
I !:~} 

4'9 

7'2 

Arranging the sub·tribes within each tribe in the order of 
origin as given on p. 125, we find that even there the series follow 
the average generic area series more or jess. The series (Table I, 
col. 17) for the following six tribes are unbroken in each case: 

Anthemideae: 6'2, 4·3. 
Inuleae (limited): 8'4, 3·5, 3,8, 1'7. 
Cynareae: 5'9, 5'1, 4'5, 8·3. 
Eupatorieae: 5'3, 4'1, 8·3. 
Vemonieae: 5'1, 4·0. 
Arctotideae: 4'7, 3'0, 2'8. 

The Calenduleae has no sub-tribes, so that only half of the 
fourteen tribes require special consideration. 

As we are in many eases dealing with fewer than' ten genera, 
and since a number of the sub·tribes are more than slightly 
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artificial. while several contain genera which are exceptionally 
widespread because of special dispersal mechanisms! we cannot 
expect a complete correspondence. On the other hand, a family 
tree is Rvailabl(· (p. 125) whicb was worked out in the first place 
from the morphological characters of the styles and stamens 
(103, fig. 7) and subsequently modified only slightly as a rcsult 
of the ('onsideration of the most extensive data~ It is, therefore, 
interesting to examine the deviation'S from the numerical se
quence in u\"erag{' generic area for the other seven tribes. 

Sent'ciorleol'. Th{' Tussilagininae havr been shown to be a 
som('what mixed group of genera, separated from t.he Senecio
ninae in a rather artificial way (103, pp. 89 and 298). and these 
two .,ub-tribcs are, in fact, fused by Hoffman j'l the Pflanzen
familien. The proper statistical procedur,' is, therefore, to take 
thclU as one grOllp fur comparison with the other groups within 
the trioe; then we obtain another unbroken scquencc-8·9, 6'8, 
3·6 (Table I, col. 17). 

Gn«phalic(lc (limited). With the Eu-gllaphalieae aud Heli
chryscae as hvc) di~tinct groups the series for the Gnaphalieae 
reads 9'S, S·H, 9'3, 4'3, }'6, 1'7, 3,2. 'fhere are in this case two 
marked exceptions to the sequence. The first is the f"ilag-ininae 
(9'3) with only e}t'ycn genera including J.lficropu.<:; as a ·widel~~ 

spread weed,' type, and Filago also of the weedy type and a 
distribution sng,f!csting cithl'f carly dispersal by man or a pol~~
phyletic origin. If this genus ,"verc broken up into three, as was 
done hy many of the earlier synanthcrologists, the average 
generic area for the sub-trib~~ would be 7-8, and the s('qnence 
would be unbroken except for the last sub-tribe. The second 
exception is the Angiallthinae (3·2), chiefly an Australian group 
with only ten genera, the distribution of which in Australia may 
be somewhat less on the whole than has been estimated. Such 
" reduction in this sub-tribe would bring the average for the 
Gnaphalicae to about 6-3, but a. similarly careful revision in 
detail of the other sub-tribes might result in raising the average 
one or more decinla15~ 50 that such changes may be considered 
negligible when the broad outlines of the history of the family 
are being considered. 

Heliantheae. The series for this tribe appears rather irregular, 
running thus: 6'9, 9'6, 3'7, 6'5, 2'7, 3'2, 12·S, 3'8, 6'0, 1'3; but 
most of the sub-tribes contain less than ten genera. It is, there
fore, advisable to group them; the first three groups are of early 
origin (see p. 125), while those numbered 6', 6", 6'" in Table I 
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arc so marked because they are presumed to have arisen about 
the same time. Taking these six sub·tril)!'s as two groups we 
get the series 6,7, 6'5. 2'7. 6'6, 6·0. 1·3. In this series there 
is only one prominent br('ak, 2'7 for Madiinac with only seven 
genera. Considering the sIIb·tribes showing exceptional figures 
for average generic area. there is th,' Coreopsidinae (9'6) with 
17 genera of which RiM"., is It very widely spread weedy type 
with a very special dispersal mechanism, esp"cially when the 
earJy migrations of man aT£' ],egarded as a means of dispersaL 
The Melampodiinae shows a low average, but it has an QVf'ragc 
generic area very similar to severa] of th{' other young sub .. 
tribes. The other exceptional figllre is 12·8 for the Ambrosiinae; 
in which there are only nine genera, of which both Ambro.~ia 
and X anthium are widely spread weeds, the latter like Biden.< 
with a special dispersal mechanism. 

A.uereac. The series for this tribe is very uniform, running 5'4, 
6·0, 7'5, 7'7, 7·0, 5'5. Such a sequence, with the most primitive 
sub~trib(' showing the lo'((.'cst averag(> generic area) might well 
seenl to show that the present thesis cannot be' maintained. hut 
only two of the six groups have more than ten genera .. Further, 
the division into sub-tribes is introduced by Bentham (7, 
p. 402) thus: 

The vast tribe of Ast.eroideae is neither so well marked as n 
whole .... nor yet is it well divisible into distinct groups. Nearl)' 
the whole of the 90 genera, comprisin(! above HOO species, pass 
into each other through exceptional or intermediate forms .... The 
Asteroideae not being divisible into distinct sub-t.ribes, we may 
for geographical purposes consider a number of types with the 
,'arious divergence.;; from them. 

Bentham also gives the key to t.his anomalous dist.ribution as 
follows: ~'Aster, taken in its most extended sense) ranges over 
the whole area of the tribe; but isolation has been ancient 
enough to admit of its having established special forms in 
different countries, which are now admitted M genera by most 
botanists" (7, p. 402); and in the Solidago type (7, p. 410): 

We have here about 320 species in 24 genera, all nearly allied 
to each other and only distinguished technically from Aster and 
its immediate allies by the homochromous florets, the ray florets, 
when present, being yellow, like the disk-a character in general 
of so little value that it cannot, in SeTU!cio for instance, be ad
mitted as of more than specific importance. 

Translating these quotations from Bentham, who makes 
several other statements of a like nature (cf. op. cit., 1'1'. 405 

W.A. 9 
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and 4.12), into modern terms (46), one would say that the Astereae 
was predominantly a case in which a primitively world-ranging 
type has been differentiated in situ with practically no spreading 
of markedly n~w types from definite centres of origin. Some 
such explanation is almost necessary for the frequency of inter
mediate species and the grading of the Aster, Erigeron and 
Conyz" types into each other. 

Guppy's theory of "Rank and Range," which, although 
similar to "Age and A rea," is slightly different, is therefore 
exemplified in this tribt, of the Compositae; whereas the other 
tribes arc examples rather of .. Age and Area." A detailed 
examination of many of the sub-tribes in other tribes sho\ys 
that within the sub-tribe there are seldom groups of genera 
which show markedly different aycragc wneric areas. The Eu
gnaphalieae and Heliehryseae are exceptio",. This leads to the 
conclusion that. in spjh~ of the large numbers of genera and spt:'ci(''''' 
in the Astcrcae, this grollp is really of the same" rank" (with 
regard to differentiation and Age and Area statistics) as the 
normal sub· tribes of most of the other tribes. 

Cichone",. The ten sub-tribes into which this tribe is didded 
are admittedly artificial. B"lltham (lfp. cit., p. 415) writes; "It 
is very ditHcult to arrange these genera into sub-tribes; and 
those we have adopted are in a great degree artificial, and have 
little or no connection with geographical distribution; we nlust, 
therefore. now consider the principal genera separately." 

The Lactucinat' have been indicated (103, PI" 271 and 282, and 
p. 125) as the primitive group, while the Scorzonerinae have 
been indicated as a fairly definite and advanced group (103, 
p. 282). Scolymus is quite a distinct genus and the only oue in 
the Scolyminae. Grouping the other seven sub-tribes together 
8S one, we have the series--6'2; 5·9, 3·7. 4·0. The last figure is 
of little importance since it represents only, one genus, while the 
other figures are in the usual sequence. Of the seven sub-tribes 
which are grouped only one, Hyoseridinae (42/10 = 4'2), has as 
many as ten genera; while the other two sub-tribes wliich are 
taken singly show the figures 69/11 = 6'2 (Lactucinae) and 
87/10 = 3'7 (Soorzonerinae). The inclusion of the American 
genera in Soorzonerinae is distinctly artificial, and if only the 
Old--World genera are taken the average is 5·8. Then the series 
for the Cichorieae reads 6'2, 5'9, 5'8, 4·0, and it is in complete 
sequence and in perfect accord with the origins given on p. 125. 
With appropriate st~tistical treatment, therefore, this tribe 
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shows the action of the Age and Area law, and it is interesting 
to note that it is a clear case of an origin in and dispersal from a 
definite centre (see lOll, Pl. 2, fig. 81), contrasting markt'dly 
with the Astereac. 

iliutideae. As stated above (p. 126) the low average generic 
area for this tribe is to be explained, at least in part, by the 
rather artificial splitting into geographical genera, This occurs 
chiefly in the Gerberinae and Gochnatiinae, and an allowance 
for this H error" would bring into greater prominence a feature 
which is marked in the series as given. The origin of the Barna
desiinae is still obscure, therefore the 8·5 for that sub-tribe may 
be negJected for a momeut. The series for the other sub-tribes 
reads g'3, 2'6, 5'6, 4·2. A diphyletic origin for the Mutisit:'ac, as 
far as the Barnsdesiinac is conccmcd~ has aln'ady been sug~ 
gested (103, p. 211), but the data for Age and Area suggest very 
strongly that the origin of the rest of the Mutisieae has also been 
diphyletic, gi\'ing a triphyletic origin for the tribe as a whole. 
Some difficulty was experienced in tracing the interrelationships 
of these sub-tribes (cf. 103, pp. 211 and 305), and it is quite 
probable that the purely American sub-tribes, Nassauviinae and 
Onoscridinae, are relatively recent, while the other two sub .. 
tribe~ are a morc ancient group evolved along similar Iltll~S. 

Then we have two groups and two series, 3'3, 2·6, and 5·6, 4-2, 
with the Barnadesiinae (3'5) intermediate from probably a 
third origin. The structural affinities combined with the Age and 
Arca data allow of no other explanation of the origins of this 
unique tribt'. 

Ilelenieae. This, the last of tbe tribes showing exceptional 
figures, gives the series 6-4, 3'8, 5'6, 0'1, 2·1; but three of the 
five sub·tribes have less than ten genera so that further grouping 
is required. This can be done by taking as one group the first 
two sub-tribes, marked l' and 1" (Table I, col. 1) on account of 
suggested simultaneous origin. and as another group the last 
two sub-tribes 3' and 8" for the same reason. The series then 
becomes 4·6, 5'6, 2·7. The middle figure is not in sequence, but 
jt refers to the Flaveriinae with only three genera (17{3 = 5·6). 
and does not, therefore, vitiate the general argument which 
applies quite well to the first and last groups, both with more 
than ten genera. 

With the oue exception of the Astereae, which has been 
explained (p. 129), the statistical data for Age and Area in Com

lI-! 
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positae can, therefore, be said to demonstrate in some consider
able detail the action of the Age and Area law as far as relative 
age is concerned in a group. the evolutionary history of which 
in time can be confirmed by many other lines of evidence. 

Size and Space. Dr Willis has also forwarded another pre
diction to the effect that. "on the whole the area occupied by a 
gen"", (taking a great many. say ten allies at lea5t) varies in the 
same sense as the number of species it contains:' This also has 
been worked out for Compositac, using the number of species 
recorded for each genus by Bentham in the Genera Plantarum. 
in order to avoid the inequalities of modern species-splitting 
and specialisation in particular genera. The results which are 
given in Table III, when analysed properly, form a remarkable 
verification of this prediction. The average number of species 
per genus does follow on the whole the same series as the average 
generic area. 

TABLE III 
Specif'-s/Genera 

Sub-tribes 
AV{'fagl' 
Generic 
A.J'{'as 
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TABLE III (Contd.) 

i. Li\gasct'in:w 
~. r.'trobiinat' 

AM,er ... a .. 1 
•.• '" {r3H6i'H. r:;·zJ 

1. Hnn\\lehromina.e" 
lIet,cl',u'hrmnirHw 

i ('l!!lY1.inat" 
L B('U'idinal' 

:'i. BI\('.('hlU'idill(1,I' 

6. Gtan~"illa(' 
. \ntiwmillf'l}.tj .. ' '" 6(1.r~:- ,-"-14'\) 

L Chry~al\thf'lJlidilla\' i 
:.!. Allt,hcmidina\' 

Cich"ri"af' ." 
1. LactuclntH' 
:t. ."'<'OTZ(lUNiw-lp 

.t. :""'Il!\'minae ' .. 
.\U ~t.hf'r sulhtribb 
Hy(ls('ridhl~\l" 
l..a.Vsaniu;),.,' 
Ct'('pidinat> 
Hit'ra.ciinal' _,_ 

I 
HYJ)\'t:h(H'r.tdina.' 
)h'ndr()s('ridinaf' 
Rh~<Mii.)lllla{' 

i ~rl.~t~~~~~~l{lesiiJ;~·(' 
i 1. ~a!!s;J.\lYiinal· 
, ~~. g~~\~~~~;W :': i 

.1. Gochnatiinae 
Tunica., (ltd.) 
('rnarcal,2 .,' 

.~: g~~d~~~~~e :::) 
3'. r~chinopsidina.' , .. 
3". Carlininae 

I 
Eupatori",ae ," .. ' I' (7:!7l3;_:zo'7~ 

1. Ageratinal' •. , 
:! .. \_d{'oostylina€' ,,' 
3, Piquetiinal' ", 

,Yelfl(t:~~~nun~~' ." ,I 534/40=~3'3 

I 2, LychnophotlHa~ • I -
Hf'lp.nwll.!" . .! 278/60= 4-.6 

1

1' Heleniinae . 
1" Tagetinae 
2 Flavemnat> . i 
~:'. JB~~~~~e . ' i 

I 
A.rctotideae 236/17=13'9 
• 1.' Arctotidin~~ 

~:;. ~~~:!ff~:! ':: ) 
Cai .... uduIea.e '" i' Lr4/8 =1:4'2 

4.'J I',; 

?iZ3[z6"'·I.!'" 
6Ctl/.-~6~. Il"j 
10g.10 fd'q 

80:10' t"o 
Z"(',', .-fi~<, 

17i6 " . .. :-.'i 

3,)9i3()"-' 13'3 
27Z/1 '5 ~- Iii, r 

4ozjIO=40'1 
476/17=2t\·() 

75"'2 '00 3~:~} 11'4 3(rh 

595/;!o~"'Z9'" 
77/8 = 9'(, 

55/7 =, 7·8 

4 8Z/29=16'6 
52 / 11 = ", 
48/7 t~} 7'3 114/ 14= 

9i3 ~ 3·0 
12J6 ~:~} 2'9 
9513 0 = 

llsi8 =14'3 
}/2 ::l~:'n Q'4 118/7 

183 

1'3 
(,.;: 

:;'4 

7':; 

;'0 
~·S 

5'[;, 
1,.2 
1';-" .~ 
(",J 

.>< 

.j'O 

5'9 
4'''; 

"J 
/)'3 

9' ,~ 
I ~l'~ 

J';! 

3'() 
3'.') 
J'J 
::l't, 
y6 
4'2 

S'.1 
oJ'9 

5'9 
5'1 
4'5 
3',) 

4" 
5'3 ,., 
3'3 

,·8 ,,' 
4'0 

3·6 

~:n4·6 
5'6 

~:~} 2-7 

I ,·8 
,·7 ,·0 

\ 

,,8 
3.6 

I Aste~ae+Eupatorie&e=16'7. s Cynareae+Inuleae (ltd.)=13·9. 
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In this case it is clear that the larger the groups of allies taken 
the more reliable tbe results, therefore the Astereae has been 
grouped with its derivative tribe (Eupatorieae) and the Inuleae 
(limited) has been grouped with the derived Cynareae. In this 
way the number of larger groups has been reduced from fourteen 
to twelve, and these give the following series of averages for 
nunlbcr of species per genus1: 

28'7,9'7117.9,18-7,14-9,14-7118'2,13'91113-3,4'613-911 U·2. 

The last two numbers are not quite in series, but they represent 
groups with only seventeen and eight genera respectively. All 
the four numbers out of sequence are practically in seric, with 
each other. The low figures for the Gnaphalieae (9'7) and Reli· 
antheae (7'9) may be traced to the fact that many of the genera 
are plants of the plains, where the average number of species 
per genus is lower, according to Harshberger (cf, 103. p. 187), 
than it is along the mountain ranges with their highly dh'ersified 
topography, The low figure (8'2) for the Mutisieae furnishes a 
curious piece of evidence in favour of the prediction, for it may 
be noted that the a"crage generic afea is also lower thall it 
should be in the series; and the geographical splitting of genera 
already mentioned would reduce not only the area but also the 
number of'pecies per genus. The low figure (4'6) for the Hclenieae 
also occurs in conjunction with a low figure for average generic 
area. Thus, of the twelve groups taken only two do not fall into 
the same series as that for average generic area. 

The increase of average number of species per genus with age 
shows even 1110re strikingly when the mean is taken of the fIgures 
for each geological period. The figures for the groups arising in 
the five periods concerned arc separated by vertical lines in the 
series as given above; and the means for the Upper Cretaceou'>, 
Eocene, Oligocene, 1\1iocene and Pliocene read thns: 19'2, 12·8, 
n·o, 10·6, 14·2. Only the last figure is out of sequence, and it 
represents a >ringle small tribe, the Ca.lenduleae, with eight genera 
and 114 species, which are scarcely sufficient for reliable data. 

When we take tbe subordinate groups the same correspondence 
between the two series shows very well on the whole. For the 
present purpose as much grouping of the sub-tribes as seems 
reasonable has been made in order to get groups with more than 
ten genera, Taking the tribes seriaJim we get the following data: 

SenecioTUIae. The Tussilagininae are sunk as before giving 32,6; 
the Liabiuae and Othonmnae are grouped to get more than ten 

1 Numbers in italics are in series or nearly so. 
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genera giving 189/11 = 11'1; and the series i. complete. An 
interesting point is the large fi~lre (40'5) for the basal sub-tribe 
of the family. which is ee"ceeded only in the BaecharidinRC (85'8) 
and the HieracHoae (57·0). both "ilh ollly three ~,ocrn. 

GtUlplu!lieae (limited). The Plucheinae and FiIRf.,-tnil1lle are 
grouped as similar in a&", and in area. giving 208/21 ~ 7'5; the 
Helichryseae is grouped with its derivatives Relhaniinae alld 
Allgianthinae giving 548/50 ~ 10·!1. The series for the tril:){' then 
reads 21·4. 7·5. lO·9. 8·a. The lar.!({'f ii.gurc for the Helicltr)/stwl 
group may be explained as an df,'ct of the diversified topogrnphy 
in South Afriea; the other figures are ill serit~8. 

Inuka.. (limited). Tw() out of til!' fOllr figures are in scrics, but 
the nnmbers of ~J'f'nera are low in aU cases. 

llelimuiteae. The first thrN' sub-trihe< and thos(' marked 6', 
6". 0'" art' again counted a~ two groups; and the series reach 
thns: 9'1. JI·5. 7'4, 4·0, 7'0,1'8. Tht· exceptions arc 11'5 for the 
GaHnsoginac with only !Seven W'Hcra and 7' ,0 for the Lagasccinnc 
\\-"ith only ant' wnus. 

Asterrae. The series (1:104, 16'7, lO·n, g·O, 85·8. 2,8) in this 
tribe again shows the series following age as prcviouslysuggcsted, 
with two except.ions. These are 8;5-8 for th(· Baecharidinae with 
only thr('(> genera, and 12,4 for the IIomochrominac as compa;t"(.'d 
with 16·7 for the' Heterochrominae. The lattt'f fi~ures. when com
pared with 5-.J. and 6·0 for avcrag"(, generic area, are seen to 
follow the sequenc(" for area, 

Anthemideae. In this tribe the figure, arc not in the proper 
series. 

Ciclwrieac. The series in this case runs practical1y in the oppo
site direction to the avetag(' generic arNl sc·nes. but the numbers 
of gencra are low in three of the four groups. These two excep
tional tribes, it should be noted. show the proper sequence as 
tribes, so that it would seem that. not only the admittedly arti
ficial suMi"islon in both tribes (see below). but also the small 
number of genera in most of the subordinate groups has an 
effect on the correspondence of the series in these cases. 

]lutisieae. Adopting the triphyletic origin of this tribe, which 
is suggested above, we have three sets of figures which corre
spond to the three series for area and show the same sequence 
witkin the Set8. 

Cynareae. Grouping 8' with a" as being of the same age, we 
get the series 40'2, 28'0, 11'4, which co:rresponds completely 
with the series for area. 
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EupalMieae. The series here (29'1, 9'6, 7'8) also corresponds 
completely with the series for area. 

I' ernonieae. The series here (16'6. 4'7) also corresponds com
pletely with the series for area. 

llelenieae. Grouping l' with 1", and 3' with 3" as being of the 
same age we get the series 7'3, a·o. 2'9, which agrees completely 
with the order of origin as given previously (1'. 125). 

Aretotideae. Grotlping 2' witb 2" as being of the same age we 
get the series 14'3, 1:3'4, which also corresponds completely with 
the series for area. 

The prediction that tlte scrics for tIw average number of 
species per genus will follO'w those' for the average generic area 
may, therefore. be said to be verified for the tribes on the whole, 
ten out of twelve shOWing a similarity; and also for the sub~ 
tribes on the whole, with the exception of three tribes out of 
fourteen. Further, th(· dh'ergcnccs amount to two out of roar 
sub-tribes in the Inuleae (limited); while the subdivision of the 
other two tribes (Anthemideae and Cichorieae) is admitted by 
Bentham to be artificial. For the Anthemideae he records (7. 
p. 451): "In the Genera Planionun we have, for convenience' 
sake, classed the genera somewhat artificially," and (op. cit., 
p. 450) "It is not easy. either, to group them into well-marked 
sub-tribes." On the artificial subdivision of the Cichorieac he 
has already been quoted (1" 130). 

The conclusion is, therefore, quite justified that in the Com
positae on the wbole both the average generic area and the 
average number of species per genus are closely related to 
ahsolute age. 



CHAPTEH XIY 

AGE AXD AREA }<'ROllI A 
PALAEOllOTAXIL\L STANDPOINT 

B~' )1", K ~L REW, U.Sc .. F,L,S. 

; \!'>I"Y student of ancient iloras mu~t fed that in its power to 
meet the facts of geology and palat'obotany lies the SUprt'U\(' 

test of Dr Willis' theory of Ag-e and Area, Th,' time has not come 
wlieu sl1rh a test ('an h(' appli('d '''''iUl any ri(>grc(' of fullness. for 
the historv of l'crtiar\- floras. which are those chidlv concerned. 
is still bat inl})erfcpt]~· knm:rn; and n10Tt" esp{'('ian)~ is this truf' 
of their Inigrations. Xc\'crthd('ss, ('\'en if we cannot. rnake a full 
comparison, it may be f)f usc to make a beginning. by comparing 
SH("h conclusions llS hayc been reached bv the two studies: not 
only for the sake of testing a Hew theory, bllt because. if it holds. 
palaeobotany has mnch to learn from it of til<' past history of 
plant-life and nlust therefore reconsider its conclusions in the 
light of new knowledge. 

In what follow, I do not propose to go milch beyond the rang" 
of my own studies, but these have been largely concerned with 
the questions of ,yhieh Age and Area trC'ats. thf" migration of 
floras, the age of species, and the extermination of species, The 
material of study has been the Pleistocene floras of Britain, and 
some late Terti~ry floras of West Europe, chiefly the following 
Plioccne floras: Cromcrian (East Anglia), Tcglian (Holland), 
Castle Eden (Durham), Reuverian (Duteh-Prussian border), 
Pont-dc-Gail (Cant"J). These ha,'c been investigat<"<l by all 
examination of seeds and fruits, 

Plant Migration. If there is one fact which has emerged 
more clearly than another from the study of Pleistocene and late 
Tertiary floras in West Europe, it is that at different geological 
times, different floras have occupied the same locality_By 
"different floras" is meant different assemblages of plants which 
have lived in the past, as they do in the present, in regional, or 
in ecological association, more especially in climatic association. 

Thus, by the quantitative study of pollen-grains in the suc
cessive horizons of the peat-bogs of Scandinavia, it has become 
possible for Scandinavian workers to trace successive assemblages 
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of plants at different periods, not only so as to gain a knowledge 
of the species occupying the country at successive times in the 
Pleistocene, but so "" to gain also SOIllC knowledge of the pro
portion in which those species flourished (60). 

Or. again, we may take in our own country'- the succession 
",'en in our caskrn counties. In the Cromerian (83) at th" dose 
of the' Pliocene period, we find a temperate flora almost identical 
with that now inhabiting East Anglia. At a later period we find 
a flora composed of plants now inhabiting colder regions-sub· 
an'tic, alpine, or cold temperate (15, 72, 82). Vet again, in the 
present day, after a further interval, when the climate has once 
more become temperate, we find the old temperate flora of the 
Cromeriall back ill its former locality, shorn only of a rew of its 
elements. 

The instances of such successions could be multiplied, but the 
above are sufficient to show that we have definite evidence of a 
continual swaying to and fro of plant·life. 

Evidence of this kind can scarcely be interpreted otherwise 
than as indicating the lllovement of plant assemblages, under 
t he influence of climatic change; in other words, migration. 

But if migration has occurred, how has it been brought about? 
The answer is suggested by Dr Willis' theory of Age and Area, 
though the idea of plant movement embodied in it would seem 
to need some modification. Dr Willis suggests, as a result of his 
work, that newly arriwd, or newly formed, species tend to 
spread outwards in all directions from their point of arri\'al, or 
point of origin, like rings formed by casting a stone into a pool. 
In such a tendency we see a motive force; but migration is a 
directed movement, and the combined evidence of geology and 
palaeobotany indicates that the directing force is change of 
climate. Each species flourishes best under definite climatic 
conditions, within limits appropriate to itself. Change of climate, 
acting ecologically, works as a weeding process, so that move
ment, instead of being general aU round, becomes a movement in 
one definite direction-migration. 

From various considerations of geology, palaeontology, fossil 
and recent botanv, the conclusion has been reached that if 
change of climate 'has been from cold to heat, in a flat country 
migration has been polewards, in a mountain country upwaros. 
If the change has been from heat to cold, then in a flat country 
migration has been equatorwards, in a mountain country down
'wards. 
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In the paper on the "Sources and Distribution of the New 
Zealand flora," pp. 854--1l62, the conolusion is drawn that there 
were two main plant-invasions by which New Zealand was popu
Jated, a northern and" southern. III It subsequent paper (134) 
this conclusion is amplified. The northern invasion is split into 
th~) a prin('Jpal one from th!- north, and two ,~uhsidin.ry ones, 
caJle-d thf' Kermadec and westrrn invasions l"cSpt'f'tivdy. 

It will at once be seen thllt we haw here postulated throe 
invasions (northern, western, and Kermad{·('). which in their 
general direction are pol<'ward. and one invasion (southern) 
which is (_>.quatorward. Bearing in mind the ('ollchtsions W(~ hove 
renched as to the rt'lationship hf'tw(~('n direction of millTation 
and {'bang" of cJimaf[·. it would appellr that t bt' tim'" polcwllrci 
iU\'ftSlOnS nntst have oecurred whil<..;t the climat<- of all th(' r('gi(lns 
invoh'cd, or possib1y only that of ~('W Z(:~aland. was becoming 
warmer; the southern invasion, f't}uatorward. must have 0('· 

(·tIrred \vhlbt the ('Hmat(' of the region~ involved was becoming 
colder. 

It wiII be suffiC'ient for our argument if we COJi.'iid{·l' only the 
two main di\~isions. th(' northern and soutlwrll. 

Dr Willis hrings forward strong c\'iden('e (132, and of. p. 81) 
to show that of thc two. the northern was milch th" older. We 
hav('~ therefore, to consicirr olle very old migration putt·ward" 
whilst the climate was warming, and one n(~w('r, {'{]lwtorwnrds. 
whilst the climate '\\'as cooling. 

:For the mi~rratioll of flora.'; (plnnts in erological association). 
as opposed to the casual transport of individuals, Dr Willis 
rightJr insists that Jand C01Ul('C'tioB. (~ompl('t(' or HH but ('om~ 
plete with the s(Juree of dispersal, at the time of dispersal. is 
necessary. It is ineoncei\-able that associated a~~elnblagcs could 
travel in one dd-inite stream except by land. A sea-passage 
rnust have sift{'d out species with inferior powers of dispersal 
across water in a ·wav that is not found to have occurred. 

We have now tra~ed the conditions necessary for these two 
main invasions as postulated. For the northern: a very ancient 
land connection hetween New Zealand and Indo-Malava. with 
a climate increasing in temperature, certainly in .New Zealand, 
and prohahly over the whole of tbese regions. }'or the southern, 
a very much later land connection southwards. at least as far 
as the Campbells and Aucklands, with the climate of these 
regions becoming colder. It will readily be seen that for the 
western and Kermadec invasions, conditions very similar to 
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those needed for the northern invasion must have occurred. 
possibly at intermediate periods. 

Such are the problems which present themselves for solution 
when We attempt to apply the results of the comparative study 
of Pliocene and Pleistocene floras to the postulated migrations 
ofth,' Ncw Zealand flora. Whether the geology of New Zealand 
and Indo-Malaya will bear out the possibility of these changes 
of sca-Ievel associated with the corresponding changes of climate. 
it is for students of those regions to say. The answer is outside 
the range of my knowledge. 

Extermination. The study of West European Pliocene floras 
led to the recognition of an extinct Tertiary flora in West Europe. 
This flora, which J have named the Chinesc-North-Amcriean 
Association of Plants, is now rf'presented by two living plant 
associations; the one the forest-helt l10ra of the East Asian 
mountains. the other the allied flora of parts of North America. 
Th(''fc is much evidence from recent and fossil botany, and 
geology, to show that all three are migrant floras. branches of a 
('ommon polar or circumpolar flora, which migratpd southward 
in later Tertiary time under the influence of a cooling climate in 
the Northern Hemisphere. The travel southward of cach branch 
must have extended O\'or many hundreds, more probably thou
sands, of miles. In the end there resulted the complete exter
mination of the European branch. and the isolation of the other 
two, in regions ofthe Old and New World respecti"cl~\ separated 
by many thousand miles of sea and land. 

In the history of this flora we sec exemplified two kinds of 
extermination, both of which are concerned with the questions 
raised by the study of Age and Area. In the first place we have 
regional extermination; no trace being left, in the region where 
such extermination occurs, of the life that has been. In the 
second place we have specific extermination; the species being 
killed, but an allied one taking its place. 

Regional Extermination. Regional extermination, as 
iIInstrated by the history of the Chinese-North-American flora, 
may be of different degrees. 

(1) It may be confined to "ne region only. We have numerous 
instances of this in alir flora. Take, for example, the genera 
Magnolia, Liriodendron, Menisperrnum, and NY8sa. These have 
been exterminated in Europe, but have survived in East Asia 
and North America; though they are now represented by different 



CR. XIV] PALAEOBOTANICAL STANDPOINT HI 

species in the two regions. Survivals of this kind in Japan and 
.!'iorth Ameriea, whie.h are many. led to the recognition by Asa 
Gray of the fact that the flora. of Japan and Atlantir North 
America are allied. 

(2) It may ha,'c oecurr<'d in two out of the three regions. Thus 
PIU'llodendroll .• 1ctin;dia, and Zelkowa have been exterminated 
in Europe and probably in North Amcri(,Al, but survive in the 
East of Asia, Dulichium, Ku"('i,,skia. Prwerpillara have been 
destroyed in Europe and prohably in East Asiu. but snrviv(' in 
~orth Ameril'a. ,rhen such regional dislribution has {){~urN~d, 
there is llothing to indicate in the prest'nt how wide th,' distribu· 
tion may haw' been in the past, or to say w}wtll(~r g<mcra are 
snrvivals or not. 

(8) Extermination lnay have extended to aU three regions. In 
that east' the past is eomplddy wiped out. and in the' pr{·s(.mt 
thefe is no sign of the' life that has hCCl1. \\\. ha\'e numerous 
instances of such extermination in t h(' case of .s~cic8--Cxtinct 
species of DuUchium, Euryalc. L{riotlendron, and. so on, far too 
numerous to name here; but we hlln~ also in aU probability 
instunc('s of genera cxtt'rminated in tht' many undetermined 
fossiJ forms ·which would apP{'ar to heloJtg' to Ii dug families, but 
cannot bC' placed in Jiving gent'ra. These forms aTC mostly un· 
named so cannot be ref('['r(·d to, hut hy consulting the works 
PIllllncratcd they ,viII b(> Tceognised. 

It is this fact, that endemi(' species call frequently be proved 
to be sUITivors from a wide-ranf.,ting past, which offered to me 
the greatest stumbling-block to the aceeptance of the theory of 
Age and Area. So formidable did the difficulty appear that I 
felt it mllst vitiate the rcasoninr, which pointcd to endemics as 
the newest clements in plant. life; and yet it was hard to see 
where the flaw could lie; and the theory offered so simple and 
reasonable an explanation of much that one met with in palaeo
botany. 

A student of Tertiary floras must stand by the fact that in 
many instances endemics are survivors [rtfm races that ance flour~ 
ished wi<kly, though they do so no more. Take the genus Sequoia, 
It once inhabited Europe, Eastern Asia, the Arctic regions, and 
large areas of North Ameriea; now it is confined to the Pacific 
coast of California. Euryak, again, was once represented by 
many species scattered at different times (some at the same 
time) throughout El'rope; now it survives as a single species 
only in parts of Chha and Assam. Or again, with individual 



142 AGE AND All:EA FROM A [PT. n 

species; Liriodendron tulipifera, Nyssa sylvatwa, Pilea pumiJa, 
Duliehium Bpatltaceum were once all inhabitants of Western 
Europe; now they arc confined to the North American continent. 
The list could be continued to great length but this is enough to 
show that genera and species formerly widespread have con
tracted their range and become endemic. Are we then to throw 
Over the conclusions of Age and Area which show that immensely 
the greater proportion of endemics represent new life; and take 
the position that the two lines of research are mutually contra
dictorv? It is not necessanr if we make due allowance for the 
differe"nces of method and s~bject-matter in the two studies, and 
their consequent limitations~ 

Throughout his work Dr \'lillis has insisted that his conclusions 
are based upon mass~in\restigation. a,>erages. Consequently he 
warns us that, as with all average calculations, though the con
clusions will he true for the mass they quite possibly may not 
be true for the indh-idllal. Now tbe whole of palaeobotanical 
research is based upon the study of the individual; consequently 
we must be prepared to find that our results rna)' not conform 
to the conclusions of Inass·investigation. though we ought to be 
able to explain the causes of divergence. The palaeobolanist 
stales that some endemics are relicts. Dr Willis replies that if it 
is so, they are of no account in comparison with the vastly 
greater number of endemics which are not. Not having counted 
up the total of endemics in the living flora of the world, as he 
has done, I am prepared to accept his estimate that relict en
demics form only about 1 per cent. of the total. E,-en if the 
percentage were higher, it would not vitiate Dr Willis' reasoning. 
And here we come to the explanation of our difference. Whereas 
Age and Area fixes its attention upon, and argues from, the 
99 per cent., palaeobotany has its attention fixed upon, and 
seeks to argue from, the 1 per cent. In the nature of things the 
99 per cent. are olltside the scope of its investigations, for if 
they represent the newest forms of life, then they cannot occur 
fossil. Consequently, though palaeobotany is right to hold to 
its 1 per cent., it must yield place in the argument to the superior 
force of numbers. 

Specific Extermination; Extinction and Survival of 
Species; Killing out and Dying out. Specific extermination, 
the replacement of old forms by new, is continually met with in 
Tertiary botany; one of the most striking instances is seen in 
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the monotypic genus StratirUs. Miss Chandler's work on the 
subject is not yet published, but we may state that a succession 
of species has been found at different gL'Ological horitoOn. which 
carries the history, with but few interntptions, from the top of 
the Eocene to the present time. A whole series of extinct forms 
lies behind the living species. The same is true of other geMr" 
though the succession may be less eompletely known. To name 
but a few, Dulichium. Sparganium, PrJtamo/!,etrm. Najas. Sam
bucus, Fitis. Magnolia, Rubus, Cotoneaster and PhelWdendrcrn are 
all known to have a long fossil record of .pt·cies that are now 
extinct. Given time, the fate of all speci," is extinction, though 
exceptionally they survive for long periods. The oldest Ih'ing 
species I have mysolf come aero" are Fiti. lannta and Poly. 
gmw1n Canvo!t'ul"" in the oldest Pliocene (Pont·de-Gail). or 
possibly Colla polus/ris in th" Bony Oligocene. 

If now we turn to Age aud Area and inquire what evidence it 
has to offer. WP find that it points to survi"al as the probability, 
unless extermination be due to .. killing out." 

It is possible that we have hcrc a real discrepancy between the 
two studies, for the evidenet' of universal extiu('tion of species 
furnished by the palles of palaeobotany is incontrovertihle; but 
we should bear that proviso H unless killed out H in mind. For 
further <,'idenee on the subject we may turn to the history of 
the Chinese·North·American flora. 

\Ve have seen that all branches of the flora have suffered 
extennination, either complete extermination, or partial. By .. 
comparison of its old constituents, as seen in the Pliocene 
deposits of "~{'st Europe, with its presen.t constituents. as seen 
in the Far East and in North America at the present day, we 
may gain some idea how the tlora has changed. 

In the first place we discover that not all species have been 
exterminated, in spite of the great lapse of time, and the immense 
distances travelled to their present homes. Even if we consider 
the older deposits, the Reuverian belonging low down in the 
Lower Pliocene, and the Pont·dc-Gail at the base of the Pliocene, 
we find some species of those remote times still living. As in
stances we may cite Dulichium apathaceum, Braaenia pelJata, 
Ze/k(JWa keaki, MagMlia kolni.s, Linodendron tulipifera, Stewartia 
pseudo-camellia, and N Y88a sylvaJica from tbe large Reuverian 
flora, and V itis lanata and Polyganum CcnwolvullUl, as already 
stated, from the Pont-de·Gail tlora. 

But though some species have remained unchanged, it is far 
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more common for change to have occurred, and we find that 
thc greater the lapse of time, the greater proportionately has 
been the change. That is to say, more species found in the older 
deposits are extinct. than in the newer. This may very clearly 
be seen by comparing the percentages of species and varieties~ 
which there is reason to think are extinct, in the sllccessive 
Pliocene floras. There is an element of uncertainty in such a 
comparison for this reason. It has not always been possible, for 
lack of living material, to discover whether a seed belongs to a 
living species or not. The following figures will, I belie,'e, have 
at least some approximation to the truth, The deposits read 
d(nvnwards in order of ag<'; they aTC those fronl which the main 
evidence of the facts discussed in this paper were derived. 

Percentages of extinct species beZanging to the Chinese,North
American Association of Plant,o;; in the 1fT est European Pliocene 
at successive periocLfi. 

Deposit 
Cromerian 
TegJiall 
Castle Eden 
Reuverian 
Pont·de-Gail 

Age of d{'posit 
Top of Pliocene 
Upper Pliocene 
!\Iiddl~ Pliocene 
Lower Pliocene 
Base of Pliocene 

Percentage of 
extinct species 
(approximate) 

() 

35 
44 
70 
90 

The figures show clearly a progressive extermination of older 
forms as compared with newer. In some way age has acted as 
an exterminating agent. How? Is it, to use the language of Age 
and Area, by dying out, or by killing out? 

I take it that, bv the use of these terms, Dr Willis intends to 
distinguish betwe;n extinction of species due to exhaustion of 
vitality, and extinction of species due to external agencies. That 
is, between internal and external causes. It cannot always be 
possible to distinguish between these two, for frequently, as we 
know, external causes are assisted in their work of destruction 
by pre-disposing conditions in the individual, or it may be in the 
race. Such relationships are seen in that of disease to sus
ceptibility to disease, of change of climate to a weakened con
stitution. It is the external cause which seems the cause of 
death, though the internal cause may have an equal share in it. 

Viewing the fact of the immense amount of extermination 
that has occurred in this flora, I was at first inclined to think 
that such destruction of species, one might almost call it uni-
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versa! destruction. must be the effect of dying Ollt. It seemed 
that some all·emhracing, inevitable, co.use-'" dying out H~_rnust 
Lt, at work, which in time would kill e\'crything; •• killing out" 
must Ix- more localised and mOTf discriminating. If due to 
climate. it might act in onc ]"t·gion. if due to disease, upon one 
species. but not in regions far upn.rt, or upon so many species. 

Yet, with furthcr consideration. the problem appeared 
differently, It had to be taken into account that th" m,'r" faet 
of age m~8ns so many nlOrr chances of destruct.ion. Therefore 
these older forms nlUst hun> suffered far mort' vicissitudes, and 
haTe been subjected to far more nwnerous attacks from exter~ 
m.inating agencies than the Il('Wer. The Japse of time' since the 
deposition of the Eocene basalt of Antrim has been the slIbj,'d 
of investigation by Lord Rayleigh. F.RS. Basing his elllclliatioll 
on. the amount of helium as NJmpl\fed with radium (and henN' 
of uranium) prest'nt in haematite iron of that age. hr renched 
the conclusion that the interval is one of 31l million years. 

\Ye must a(,knowledge that the vicissitudes of 30 rr;illion years 
arl' quite beyond the powers of our mind to grasp. and it sccms 
possible that they may have furnished ample cause. through 
disease or other adverse conditions. to bring about all the 
destruction to which palaeobotany bears witness. 

There is vcry .;;trong cviden('c to show that the whole ~;nropean 
branch of the Chinese-North-American flora Was killcd out. by 
being subjectt'd to cold whieh it conld not withstand, with no 
possibility of escape; and that it perished, trapped between the 
cold of the north behind, and an impassable trans-continental 
banier of mountains and seas in front. 

What of the other two brandIes, the living ones? Has thcre 
b('en extermination of species there? And if so, how has it 
occurred? We have already gained some knowledge 011 this 
subject, by comparing some of their species with those of the 
European Pliocene-which it must be remembered are nearer 
in time to the ancestral forms, even if they be not actually the 
ancestral forms-and we find that of the few species so com· 
pared somewhere about 90 per cent. have changed. 

To discover something more of the changes which have taken 
place, we may compare the living membm;s of this flora with 
what are, ,,1thout any doubt, the ancestors of some of them. 
The description of these is to be found in Prof. Nathorst's 
account of the Post-Miocene lIora of Mogi in Japan (78-9). This 
is the largest of several Post-Miocene floras (mostly very frag. 

10 
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menmry) examined by him. With regard to the age of the flora, 
Dr Kryshtofovich. who has also worked much upon Japanese 
fossil plants, believes that it should he assigned to the base of 
the Pliocene (63). In that case it is contemporary with the flora 
of Pont-dc-Gail. 

Nathorst remarks of the Mog; flora that the outstanding fact 
regarding it is its closeness to the living flora of the forest-belt 
of the Japanese mountains; and we have only to consult his 
lists to see how tnlC the statement is. But though the living 
flora be close to that of Mogi, it has changed. If we examine 
Nathorst's list we shan see that about 44 species may be con
sidered as belonging to what I have termed the Chinese-North
American Association; and that of these, 89 are now represented 
by different specic, or varieties. That is, about 89 per cent. have 
changed. The figure approximates closely to the 90 per cent_ of 
changed species found, when we compared the Pont-de-Gail 
species with living Chinese-Korth-American species. I do not 
wish to press the similarity of the figures. Whether it be due to 
chance, or really represents the degree of extinction of older 
forms since the beginning of the Pliocene, I do not know. The 
number of species in the Pont-dc-Gail flora, belonging to the 
Chinese-N'orth-American plant association was small; also Prof. 
Nathorst's references to living species suggest that the Japanese 
Pliocene forms may be nearer to living forms than those of Pont
de-Gail would appear to be. Anyhow, his work, like mine, bears 
evidence that old forms have very largely given place to new. 
We may say at once that the work gives no evidence as to how 
the new forms arose, though the endemic Japanese species which 
are related to these old Mogi species would seem to have arisen 
in Japan; but though we cannot trace the history ofthe new, we 
can find out a little more about the extinction of the older forms. 

If a list be made from all the five European Pliocene floras 
(those already named), of all the Chinese-North-American species 
which are still living-26 in all-it will be seen that by far the 
greater number are now found living in East Asia. Twenty 
species, out of the 26, about 77 per cent.. are there found; 
5 species, or 19 per cent., in North America; whilst one species 
(B1'fUfenia), or 4 per cent., oceurs in both continents. Again, 
consider the living genera represented-55 in all--38 of these, 
or 60 per cent., are found living on both continents; 17, or 81 per 
cent., in East Asia only; 5, or 9 per cent., in America only. 
Therefore, whether we consider genera or species, there would 
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appear to have been greater destruction in America than ill 
East Asia. Such a conclusion is not wholly unexpectc<l, and nU1Y 
help to sUI-'!Zest in part the fate of some of the oldcr speci,·s. 

In travelling to and fro in latitude ill America. the plants 
would find themselves mostly in a country of great plains; not 
so in East Asia, where successions of north and south mountain 
chains existed in those old times, as in the present. It is known 
that many of the climatic changes which occurred during the 
Pleistocene were fairly rapid. When suph rapid changes happen 
in a flat country, it may result that a migrating flora may be 
overtaken in its travel hy the change of climate. Rnd in that 
case many of its components will be exterminated, whereas in 
a mountain country, by change of altitude, they may ('scape. 

Such facts may in part account for the lesser survival of 
Pliocene species in America than in East Asia. If so, it would 
seem that in part extinction in America too was due to killing 
onto 

Age and Area. Let us now turn to the main theme of the 
subject and inquire whether the Chinese·North·American flora 
has any evidence to offer as to present distrihution in connection 
with age. Taking it as a whole, we see an ancient flora a.~sociated, 
either fossil or living, with the widest possible range in longitude. 
Is there anv evidence that it shows wide distribution in latitudc 
associated 'with age? Such distrihution would appear to me, 
certainly in the casc of a flora with a dispersal originating in 
polar regions, to be a far more crucial test of age than dispersal 
in longitude, for with a circumpolar flora as a source of dispersal, 
with a cooling climate, spread would be equatorwards through 
all possible regions. The distancc of travel would therefore be 
measured, not by span in direction of longitude, bnt by travel 
in latitude. In the case of the Chinese-North-American flora 
there is some evidence that travel in latitude is an accompani. 
ment of age. It is too small to be estimated quantitatively, but 
is seen in the presence, especially among the older Pliocene 
floras (Reuverian and Pont-de-Gail), of such genera as Hakea, 
Symploc08, StyrtUl, PoianiBia, and Triclwsanthe8, which have a 
present distribution into the southern hemisphere. The evidence 
as to the source and direction of migration of the Chinese-North
American flora to which they seem to belong indicates that these 
genera too are migrants from the north, snd that their present 
distribution in latitude is partly due to age. 

10-2 



CHAPTER XV 

ENDEMISM AND DISTRIBUTION: SPECIES 

T HE term endemic has long been used to connote a species, 
genus, or other group confined to a small area, such especially as 
a single island, a group of islands, a mountain chain, or a com
paratively small country like South Africa or West Australia, 
largely bounded by the sea or by a marked alteration of climate. 
In recent years species of larger areas have been spoken of as 
endemic, but the term is used in an arbitrary way~ for one 
speaks of species as endemic to Australia, though not to Brazil, 
which really has far more of them (533 endemic genera, perhaps 
12.000 endemic species). 

There is almost n('Ycr any real and demonstrable difference 
between species aud genera of small and of large area, other 
timll in the territory occupied. but since the rise of natural 
selection it has been generally assumed that such a difference 
really occurs. On that theory one will expect to find many 
species ~, going under~' in the struggle for existence, and the fact 
that so many are actuany localised to small areas of territory, 
particularly in somewhat isolated regions of the globe. proYides 
the necessary material for this explanation to rest upon. Botanists 
have long been accustomed to look upon endemic forms as the 
oldest, and very often as in some way expressly suited to the 
verv local conditions in which thev occur. This latter must of 
COll~SC be true for any species, anYwhere. or it would be exter
minated in a short time; but the study of detail which has re
sulted in the putting forward of the hYPothesis of Age and Area 
gives reason to believe that in general the supposition of greater 
age of endemics is incorrect~ 

As endemics usually occur in somewhat isolated places or 
countries, the question at once arises whether endemism is corre
lated with isolation as such, for if so, the fact will have an im
portant bearing on the question of evolution generally. There is 
also some ground, however, for supposing that the soil in isolated 
regions may be less completely taken up by its associations of 
plants, so that a newcomer would have a better chance of sur
vival; and this may be the explanation. 

From about 48° N., to the southwards, all important islands 
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and mountain chains (if oYer 4500 fr-ct), besid('s all Ulore or less 
isolatt'd pieces of country, likt' Italy, possess f'ndt'mi('s. !{'hey Urt· 

also frequent in sHch Ioealities, ('Yen in large art·us of (·()t1l1try 
with large populations of plant.s, as ar(' isolutcd in t.he S('IlSt.' that 
tlH."Y do not lend thelUsc}ycs to free intt'n'hallg'(' of plants with 
their surrOlmdings. Such afe st.ations in lar~7{' for('sts, or pnt<:'hclO 
of grassland in forest COllntry, patches of conntry with salt. soil, 
and the likC'. The numbers and proportions incr(,8s(' to the south~ 
ward') (and th!' isolation becomes less rnnrk('ti), till 011(" Hnds the 
ma..xima in sHch places as ''0 est Australia, SOHth Africu, .T nun 
Fernandez, the ~Iascar('n(' Islands and :Sew Caledoniu. B(.'vcmd 
about 4()" to 4So S. they fall off again. •. The grctlt"st cO;I«·n· 
tration of spe('ics in small areas o('curs in ... 'Vest Australia and 
SOllth Africa ,. (52, p. 36). '·Th,' fertile portions of Xc\\" South 
\Yales, Victoria~ South Australia. and \Vest Australia do not 
probably ... {'xcced in area Spain. Italy, Grecc(.'. and Ellropean 
Turkey, and contain perhaps half as many more flowering 
plants" (55 b. p. xxxi). 

Endemism, though it is JllO~t commonly a.·.;sociated with 
islands in people's minds. is by no IIlcans a phenomenon con~ 
fined to them. It is very strongly marked in comparatively 
isolated mountains. such as KiJimandjaro (and cf. 117 and 122). 
and in mountain chains, and in these cases the flora presents, as 
a general rule. less relation to that of the plains thun does the 
flora of an island to that of the nearest mainland 1. This lURY be 
largely due to the fact that, as explained upon p. 37, mountains 
may act as highways of migration for the plants of other coun
tries and climates. 

Endemism is also strongly marked upon continental areas, 
and while the maximum proportion is in West Anstralia and 
South Africa-regions where conditions are rather extreme-all 
the southern land masses, more especiaJJy, show a great pro .. 
portion of their species confined to themselves. 

Whilst the largest numbers and proportions of endemics tire 
chiefly in the more southern countries, there are also large 
numbers and proportions in several of the northern, e.g. in 
Mongolia, California, the region about the Mediterr8ol1ean Sea, 
etc. There are a few endemics on the west coast of Europe, tbe 
Alps contain about 200, and Italy about the same; and the 

1 "A great deal too much has been made of the assumed extreme dirteren~ 
tiation exhibited by insular floras 3.8 compared to the continental flora" 
(52, p. 387). 
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Iberian peninsula contains about BOO. or roughly the same as 
Ceylon, which, however, has only one-ninth of the area. The 
really large numbers are south of the tropic of Cancer. The 
Hawaiian Islands have 600, Ceylon 800, New Zealand over 1000, 
Australia about 7500, Mexico and Central America about 8000, 
and Brazil perhaps 12,000. They are especially common in 
mountainous country, and it is worth noting that most islands 
are also mountainous. 

No country or island has all its species endemic, though in 
several or most places where there is a very large proportion of 
endemic species, like Hawaii or New Zealand, it is very common 
to find genera with all their species endemic (cf. reply to objec
tion 28, p. 95). St Helena, with a very small flora, seems to 
have perhaps the highest proportion of endemic species, but of 
countries with any large number, West Australia, with 85 per 
cent. of its species endemic, takes the fir>i; place. The Hawaiian 
Islands, with 82 per cent., are close behind. New Zealand (37) 
has 72 per cellt., the Galapagos 46 per cent., the Bahamas 14 per 
cent., thus illustrating the fact that on the whole the further OU' 

and more isolated an island is, the greater is its proportion of 
endemic species. Fiji and Tahiti have much smaller proportions 
than the Hawaiian Islands, but Fiji, with 50 per cent., is much 
nearer to the mainland than Tahiti with 35 per cent., so that this 
alone is not sufficient explanation. Nearly half the ferns and 
lycopods in the Hawaiian Islands are peculiar to the group, in 
Fiji and Tahiti only about 8-9 per cent. 

A study of the areas occupied by endemic species soon shows 
that they may be of allY size from a few square yards upwards, 
and that there is no difference to be seen between them and 
species that are not usually considered endemic, and which may 
have areas of larger and larger size, up to one of a large portion 
of the globe. It was these extraordinary differences in area 
occupied, between species closely resembling one another, and 
differing only in characters which could not, by any stretch of 
imagination, be looked upon as fitting or unfitting them in any 
way for the struggle for existence, that fust caused me to begin 
studying areas, and searching for some more potent agent in 
distribution than adaptation, a search which ultimately led me 
to Age and Area: 

This new point of view, that the mere area occupied by a 
species has some more definite immediate interest than simply as 
an expression of some unknown character in the protoplasm, or 
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some unsuspected property in apparently meaningless external 
characters, reeeh'es great support when the actual areas upon 
which species occur in any country are mapped out by drawing 
lines round their outermost locations. We shall begin with very 
localised endemics. 

llr H;, X Ridley (90, p. 555) fOllnd two plants of Didymo
carpu .. Perdita Rid], "on a bank in the centre of Singapore, slIr
rounded by extensive culth·ation. It has never been seen again." 
Dr Thwaites (37) found in the forest at Hakgala in Ceylon a few 
plants of Christisonia. albida Thw. (C. p, 8929), This diffeJ'('<i 
from its nearest relative, C, meolor GaJ'(ln., in h.",ing the scal,'s 
of the scape ovate and glabrolls, instead of oblong-obtuse and 
plI\ws,'Cnt; the bractlets bt'low the !lower instead of near the 
base of the peduncle; calyx glabrous instead of pubescent, with 
linear instead of triangular segments; and the corolla larg<"r. 
Taken together with the fact that the whole plant was whit,,, 
instead of the brownish colour us1I1l1 ill the Orobanchaccac. these 
differences were so large that the species was rt'gardcd as a 
Linneall species, and acccpted 8'" such in the Flora of British 
India, ''I", 1', 323, The plant has never heen secll again. though 
the area of forest at Hakgala which could be rell('hed by the 
invalid Dr Thwrutes is Very limited, and t here is a botanic 
garden beside it, in which m~ny botanists have worked, search
ing the forest thoroughly, Probably in both the cases just men
tioned, the taking of a few specimens was sufficient to exter~ 
minatc the species; and in the latter case, it is probable that the 
white colour alone would have been such a disadvantage as to 
ensure its extermination by natu.!'€' in any event. 

The next stage may be seen in such. case as that of Coleus 
elrmgatus Trim., endemic only to the summit of Ritigala in 
Ceylon (I', 14). It occurs as about a dozen or two of plants upon 
open rocky places at the very summit, and differs so much from 
other Colei that it is a very distinct Linnean species, even if not 
subgenerically separate. Its nearest relative is C. baroatus, 
which also occurs on the summit, as well as in tropical Asia and 
Africa, The distinctive characters may be tabulated as on the 
following page. 

It is all but impossible to imagine that any of these characters, 
and especially the two most important, the peculiar inflorescence 
and calyx, have any serimlS effect upon the capacity of the 
species to survive or progress, or that any of them can be 
seriously disadvantageous. It is worth while in this connection 
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C. barbOius 
(Bol. Mag. T. 2318) 

Stem (~'ylindrical. tending to (IUad-
ra.ngular in infiore!'K'ence 

Stem pubt~scellt with long hair 
I..eaves oblong-oval, 1-2 inches 
Leuves closely pubescent 
Leaves rather thick 
PetioJ(_·s rather short 
Inflorescence of (~ondensed eymes, 

each nhout 5-fiowered, forming 
false whorls of 10 flowers at eut'h 
node 

.Flowers large 
Bracts la.rgt' 
<:alyx with long hairs 
Calyx of one Jar:;.!'!' OVUU' upper tooth 

and four small lower 
Corolla rich purple or whit(' 
Grows OIl rocky places 

C. elongOius 
(Fig. in Trimen's Ceylon 1"WTa, 

T.74) 
Stem quadrangular 

Stem pubescent with short hair 
Leaves ovate-trianllular. 1-2 inches 
Leaves finely Jlubescent 
Leaves ruther thin 
Rather longer and !denderer 
Inflorescence of one-sided ('vmes. 

looking like racemes, about It 
inches long, one at each side of 
each node 

Flowers smaJI 
Brae·ts small 
Calvx "ith short hairs 
Cal;'x of five almost exaetly {'qual 

teeth 
Corolla pale purple 
Trails over rocks 

to look at the distribution of the other Ceylon Coki. already 
described on p. 54. There is no such difference in the method of 
dispersal as will account for the great differences in area occupied, 
nor is there any difference in the other characters of the plants 
that one can point to, as advantageous 01' disadvantageous. 

A somewhat larger area than that of Coku<I elongOius is that 
occupied by Carnpanula Vidalii, which is found (47, p. 427) on 
rocks near the sea on Flores and two other islands of the Azores. 
A still more interesting case is Cenchrns insularis, which is found 
only on one islet of the Alacran reef (75), about thirty miles off 
the coast of Yucatan, while Cakik alireranensis and Tribulus 
alacranensis are found on all the four islets of the reef, the largest 
being less than half a mile long, and very narrow. There seems 
some reason to imagine that the evolution of these species has 
been fairly rapid, as they were not noticed by the Admiralty 
expedition that visited the islands fifty-seven years previously. 
And scores of similar cases of distribution might be cited. 

We may go on to deal with genera containing several species 
in the same neighbourhood, all or most of them endemic, giving 
a few actual instances. Doona, for example, a Ceylon endemic 
genus of Dipterocarpace"" has II species, whose local distribu
tion (fig. on p. 153) is typical of that of many local genera, or 
genera with many species (mostly endemic) in one locality. 
The whole range of the genus (about 400() square miles in south-
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west Ceylon) is occnpit'd by olle of its spccit's. D. u·.'Ilanil'a. whilt" 
the others occupy smaller and smaller arcus within this. down 
to a comparatiYcly f('w square Illiles. This is pcrhnps the most 
common type of distribution with ~l't'J\('ra of small area, which 
upon the theory of Ag(' und Area arc to be rt'gnrdcd ns young 
beginners. Another instancc is II aastia ill X ('w Zl'alnnd (fig. on 
p.154). 

Distribution of the snme t~·p('. hut more ('xtelldC'd, is !'hown 
b~' the (ehiefly eudemic) sp{'C'ics of RanunC'u.lwi in ~~'\' Zealand 
(fig. on p. 156). and by ycry many other W'lH'ra in that coun
try. In this map the widcl~' distributed spc('il's, i.e. those occur
ring outside of Xc\\' Zealand. aTe showli by dotted lines, Hurl it 

will be noticed that three of them range all over New Zealand 
(including the little Stewart Island to the south), and also to the 
Chathams, 875 miles to the eastward, while the fourth only 
ranges from the far south up to the middle of North Island. The 
endemics all have ranges within that of the first three wide., 
among which probably, upon the general implications of Age 
and Area, one must prinaipally look for their parent or parents. 
The endemic with the greatest range coYers slightly more ground 
than the wide of least range, and the others occupy smaller and 
smaller areas, becoming steadily more numerous in going south, 
till a maximum is reached a little south of the middle of South 
Island, as indicated~ the following figures (cf. p. 77), which 
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Diagram showing the areas occupied by the specie$ of lIaastiG in 
New Zealand. 

(By courtesy of the Editor, Annals oj BoItmy.) 
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show the numbers that ()~cur in ea.~h zone of 100 miles from 
north to south in the t\\"o large islands: 

Wides 8 8 8 "' "' 4 4 4 4 4 
Endemics - 2 3 5 7 11 12 IH 18 l() 

If instead of taking the distribution ill this wa)' by 7.oning, one 
take the actual longitudinal range of the diffefl'nt species, one 
finds that of the 28 endemic RatlUlW1.li, 10 haw .. ranlle not 
exceeding 60 miles longitudinally in New kalalld, while of 
ranges 120, 180, 240. {'t.e., the-re are only 1. 3, 1. 2. 4, 1. 1. It 2. 
0, 1, 0, 1. The great bulk are obdously cl'Owd"d towards the 
short ranges. If one make five grollptoi~ occupying runges from 
(1--200, 200-400, ·WO-600, 600-Roo. NOO-WOO miles, aile fillds 
that they contain 14. 7, 5, 1 and 1 species respectively. If, now. 
one plot these figures in • cHrve (fig. on p. 162, eun'e 7), 
one obtains a curve which is concave upwards, or what we may 
term a hollow "urve. This type of curve we ,lulll presently see to 
bt' allnost universal in di~trillUtion-and it proves of late to be 
equally so in evolution itself. A t first. perhaps. its pr<'scncc will 
not be readily noticed, but when one find, the figures for allY 
example of distribution or {'yolut.ion shOwing 8 great a<'cumula.~ 
tion at one end, and the first two or th"'e descellding very rapidly, 
while the remainder tend to taper away gradulllly, on" will 
generally find this type of curve shown, on actually plotting the 
fignre8~ It shows vcry l'itrikingly in many of th(· examples 
described below, e.g. the distribution of the Hawaiian endemic 
species of CyrtOlu1ra described on p. 160, (same fig. curve 6). 

Or one may take such a genus as Epilabium in New Zealand 
(37. p. 171). E. purpuratum is confined to the Alps of Otago, 
4000-6000 f."t, E. brevip<w to the northern half of South Island, 
E. erassu'" to the greater part of the length of South Island; 
E. melanocaulan ranges the wlu,le length of South and the southern 
half of North Island, E. microphyUum ranges yet farther Ilorth, 
E. glabeUum farther again, while E. rotundifolium ranges the 
whole length of both islands, and reaches Stewart and the 
Chatham.. E. nummularifolium reaches all this, and also Anck- • 
land alld Macquarie Islands to the south, while E. pa1lidijiorum • 
ranges this and reaches Australia and Tasmania. rhis, or some
thing like it, is the conunon type of distributioll in New Zealand. 

If we take a genus-and there are many-that has no wide. 
in New Zealand at all (cf. p. 95), we find the same thing shown, 
as, for example, in Gunnera (fig. on p. 158). Here there i8 one 
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Diagram showing the areas occupied by $~iC5 of Ranunculus in 
New Zealand. Wides dotted; e)."tensiou East includes Cbathams. 

(By courtesy of the Editor, Annal3 of Botany.) 
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endemic species that covers all New Zealand. and J'('aches t.he 
Chathams, and the other endemics oecupy smaller and smaller 
areas within this. The tigUl"(" by zones show: 

2 2 3 5 5 5 6 6 6 5 

a result exactly similar to that for Ilanunrulw:. The Pl'("S(,llCC of 
wides dot's not seem jn !tn)' ,,,sy llec(>ssary. uor to canse the 
species of a genus to behu,'{' in BUY way differently. 

If we go to Ceyloll, nnd take a few <pedes of the pan-tropical 
genus Eugenia. of which Ceylon has 29 specirs ('ndcmic to the 
island and 14 found t'is('wher(' (H only in southern India), we 
find that E. ryclophylla occurs only on Adam's Peak, E, Zucida 
on seve-ral peaks clOSE' togcthf'T. E. sl'i.rrophylla on a number of 
peaks and in the plains betw('('U, E. asNimilis throughout the 
mountains and in tht' moist plains, E. hemi .. ;plwrica in all this 
and also in South India. and R. oprrculata in these regions, and 
also ill Burma, Malaya, and Chinn. And many other genera 
show the same type of dispcrsuJ, which, ill fnct, n little study 
soon shows to be th(, usual type. If one go to the ,tat(' of Hil) 
de Janeiro in South Brazil, which hat;; an area about equal to 
Ceylon, on(' finds ,-52 A'ttp,rnillR cndt:mic to the state (which is 
very mountaino1ls), and G going b<,yond it. 3 only into ~finas. 
th(' next state, the other three as far as thE" states of Alngoas 
(] 000 miles north a]ong ilw ('ollstnl plnin). Rio Grandf' do Snl 
(the sam(' south) and Goyaz (60(1 miles inland, across the moull
tains). And one m.ay find Eugenia behaving in the sam~ manner 
in many other places. In Brazil it has many endemic Spt~cics in 
Minas, the next state to Rio, but on the other and drier side 
of the mountains that fringe the coast, 

This general type of di~tributiou shows very clearly in the 
ease of very many genera, whether they be endemic genera with 
all their species in a confined area, like Dooru, in Ceylon, or 
whether they be genera of wide distribution that have developed 
many endemic species within a certain small area, like Ranun
culm in New Zealand. In such cases they do not seem as yet to 
have encountered any barriers of It very serious kind. But one 
may also find a great number of genera, or sections of genera, in 
which the same thing is displayed over a very much larger area 
than what would entitle the contained species to be considered 
endemic. In CallitTis, for example, C, glau£a occupies the whole 
range of the genus over Australia and Tasmania (t30); two 
others range from New South Wales to Tasmania and to West 
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Diagram s.howing the aWlS occupied by the species of 
Gunner« in New Zealand. 

(By courtesy of the Editor, An_ of Botany.) 
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Australia, while the remaining 15 species of the genus eover 
smaller ranges. In Di/Jenia, D. i,ld;ca eovers [,ractically the 
range of tlle genus throughout Indo·Malaya, while there are 
many other species covering smaller and smaller ranges within 
this. In GymMrna, G. 81f1ve.,tre COvers almost the whole range of 
the genus from W cst Africa to Australia, whilst in Cissampelo .•• 
C. Pareira is found from tropical America through Africa and 
Asia to the Philippines, almost covering the whole rang.' of this 
cosmotropical genu~. In Na}a,y, finally . .LV. marina is cosmo-
politan, while five other species oeeupy very largt~ Rl'{'a.'i. nine 
occupy areas of moderate size', and seventeen areas of small size. 

Another very fn'quent ca!-iC in endemic genera of small arcu. 
or in genera with a number of endemic species within u. small 
area, is to have Ol1r species occupying a H circle H of Sotut:' sizc, 
and another a (usually) smaller circle touching, or ncar to, the 
first, thus giving the impression that the plants occupying it 
have possibly sprung from some ullusually isolated Jncmbers of 
the til'St species, in the case of an endemie gcnn'i which has no 
species covcring the range of both. In Ceylon, for example, in 
the endemic genus llorlonia. which has three 81",,,ies, 11. angusti
folia occurs in the moist plains. and to 2000 ft..,t in the mOIlIl

tains. while H. floribulUM occurs only in the mountains above 
4000 fcet, and H. ovalifolia is confined to Adam's Peak. Or in 
the Ceylon endemic genus Schurnacheria, S. castaneaeJolia is 
common to a height of 1000 feet, S. alnifi'lia above that level, 
and S. angu.vtifolia occupies a tiny circle within the area of the 
first named. but a long way from S. alnifolia. 

This type of distribution, in smaller circles. usually Over
lapping one another to a greater or less extent, while there is no 
single one covering the whole range, is also very common. To 
take an example at random from the Indian fiora, Chrillti80nia 
(37, IV, p. 328) has three speeies in Ceylon, one frequent in the 
hills, two eonfined each to one spot (cf. p. 151), thrcc in the 
nekkan or the Konkan, three in both Ceylon and South India, 
and one in Sikkim and the Khasias. None has individually a 
very large range, yet the genus covers much ground, and there 
is some overlapping of species. One may scc the same type of 
distribution upon a fairly large scale by taking such a genus as 
Cyrlatldra, whose species are distributed as follows (25, v, i): 
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No. 
Java, Sumntra, Singapore to Tenasserim. . . 55 
Sumatra. l'enang, Borneo, Celebes, Amboina, Papuu .36 
Java, Domeo, Philippines 5 
.Java, Celebes, Timor 104 
Java. Celebes, Tt'M11ltt 25 
.Java, Sumatra . . . 2,6,17',24,77, 7U, 84, 87, 110. 113, 116 
SUmatra 4,8,14,18, ;ji, 58, 73. 74, 75, 78, 82, 85, 86. 88, 90, 91.114.163-5 
SUmatra and Pcnang or MalaccQ . 1,76 
.Java . . . . . 19,20,21, 2a. 71. 72,107. lOS, 109, ]]8 
.Tnva, Sinllapore. and Celebes, or Ternate . . . 83, 106. 115 
norneo a, 7. D, 10, II, 12, la, 16,22,64, 66-70, 8~1. 99-102,112.117.]00 
CeJehes. . . 15. 2;;, 65 
Moluccas, Ternst£" 1] 1 
Ct'ram (MoJuc('.l).s) )05 
Philippines 02, 9a, 95, IUl, ]58, ].)9 
~~ . M 
New Guinea . 89,97,98. lOa 
Carolin('s . 96 
New Hebrides. 12;;, )57 
,Fiji Islands 51---4, 59, 124, 128-9, 182-8, 189--4(), 151-6, 161-2 
Samons . 127,130-1,134-5,141, 149-5H, 150, 166-7 
Societjes, Low ArchjpeJup-o 187 
S(I('icties . 120--22,126,136.138, ]46-8 
Sllndwich Ishmds 27-50 .. 60-3, 123, 142-5 

The whole range of the genus is from Tenasserim to the Sandwich 
ls1ands, yet 110 single species reaches half this distance. ~fo,'it 
have very small ranges, e.g. 1l1Ost of those upon Java or Sumatra, 
which are usually confined to portions of these islands, but there 
are a fair number, e.g. those in lines 3, 4, 5 and 6, which have 
rather large. and two at the top with very large, ranges (cf. fig. 
on p. 162. curve 1). 

One may even follow them into more minute detail, for ex~ 
ample, in the Pacific Archipelagoes. In the Sandwich Islands, 
1 species occupies fonr islands, 2 occur on three, 2 on two, whilst 
there are 24 OIl single islands, viz. 11 on Oahu, 4 each upon 
Kauai and Maui, 3 upon Molokai, and 2 upon Hawaii. The same 
thing may be seen upon the Samoan and other islands; this 
4' hollow curve" type of distribution is general, as we shall see 
below (cf. fig. on p. 162, curve 6). 

One may follow this type of distribution into the small 
varieties of Linnean species, to which specific rank is often given 
by local botanists. For example, dipping into Linton's British 
H ieracia, and taking the section Nigrescentia, one finds'" species 
occupying six to ten counties, and 9 in one to five, but no single 
one covering all the range. These two cases, (1) that there is one 
or a few widely ranging species with larger and larger numbers 
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of more and more localised species scattered about within or 
close to their range, and (2) that there are many sp<'Cies of 
local range. usually more or less overlapping one Illloth~r. and 
themselves overlapped ill many places by ,fewer species of 
rather wider range, and in the total oc'Cupying considerable 
areas:, which are as continuous as intrusions of the sea and 
other barriers will allow, seem to cover the c8s" of the bulk of 
existing genera. The latter case also makes, though not so 
strikingly, a hollow curve, for theN' are more species of small 
area.;;_ 

It is clear that the types of distribution shown by endemic 
species, whether of endemic genera or not, are t.he same types 
that one may see in the disp<,rsal of genera, species, and "nrieti .. 
of wider range; there is no plaC<' at which one can draw It line, 
and say that here is the distinction between endemic and Ilon
endemic species. 

But the resemblances between endemic and non-endemic 
species may be carried much further. In the case of the former, 
as we have Seen above, their usual grouping in a country shows 
a few in the class containing those of widest locnl dispel'Slll, and 
larger and larger numbers as one goes down the scale to the more 
localised classes. And this grouping shows. not only for the 
grand total, but for the individual families and larger g('nera. 
The actual figures for New Zealand show that the curve so pro
duced is a hollow one (fig. on p. 162, curve 5). The peak in 
the middle of the curve is accounted for, perhaps, by the opening 
of (,~ok's Strait having cheeked the dispel'Slll of some of the 
species (t27, p. 455). If, dipping at random into the New 
Zealand flora, one take the Jlorag;naceae, and divide the en
demics into five classes, one fillds 2/1 (two in class 1), 1/2, 2/8, 
5/4. 13/5; or if one take Oleana, one finds 2/1, 5/2, 4/8, 6/4, 14/5, 
Always the same type of curve is formed, with an accumulation 
of species at one end. 

But this same phenomenon shows in the case of all other 
species, whether endemic or not. In Doona in Ceylon, for ex
ample, one finds one species of large area, three of smaller, and 
seven of areas smaller yet. With the largest endemic genus in 
the Hawaiian Islands, Cyanea, one finds (cf. Cyrlandra above) 
one species on four islands, six on two, and 21 on a single island. 
Pewa, the next largest genus, shows 1/8 (one species on all 
islands), 8{4, 8/8, 2/2, II/I, again a hollow curve, running out 
very much at one end. If one add up all the species of the 

W.A. 11 
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endemic genera of thc Sandwich Island" and compare them with 
the endemic species in tht> non~cndf'mjc geu{'ra, olle gets; 

Table showing flU' numbers aluI prOPOrti01IS of species of e"Mllic 
and ofnon·",demic genaa tlUll occur on all the [lau-aii,m blanda, 
or onfour to .~i,l: i.sland..f. etc. Thu.N on all islafld.~ there (H.:Ctlt' 8'1 Pt" 
cenl. of the ,'>pecic . ., of endrmir. 9'5 prr ernt. (if tilt? emli:mir <vpecus 
oj nOIl~endemic gnvra. 

Species of 
endemic I-!('nera 

O("{'urnng on '~ 
All islands 
,J.-(l 

" 2 
1 ishwd 

23 
2;) 

41 
129 

22:i 

:n 
HH~ 

1]·1 
]8'2 
;j7"'2 

91H~ 

:\ v(>ra~e disp('rsaJ 1·H i~lullds 

l<:ndemic slM.'Cies or 
nOIl-cnd('mk 1l\~llt'ra 
,---------, 
Sllt'cit's. ~o 

:14 11,5 
,5J U':J 
5:; 1;3'4-
72 20·2 

H,j, -$f)'4-

356 00'8 

Thus the SpeCil~S of th(' endemic genera are dispersed on the 
ayerage some 25 per cent. Z("o.,'s than those of the nonw{'ndemir 
genera. This proves ou examination to be a generar rule, and is 
a powerful argument against local adaptation. It shows with 
equal dearness in ~ew Zcaland and in Ceylon (123, p. 32n 

If one go on to Ranunculus in New Zealand, whif'h has 10 widcs" 
as well as endemics. while Olearia (abo"e) has not. one finds 1/1, 
1/2, 5/3, 7/4, and H/5. taking only fiV<' classes instead of tell. 
If one take at random in Yol. IV of Hooker's Indian Flora a few 
genera, one finds in Exacum one species with large, six with interw 

mediate. and nine with small areas. In Cltri.fliaonia, where there 
is no single widely ranging species. there arc 4 with moderate 
areas, and 6 with small. In Ebam<liera 1 has a very large, 0 an 
intermediate, and 21 a small area. Or, finally, take Cyrtanclra 
(above); there are, roughly, 2 with very large areas, about 20 
,,;th fairly large, and about 145 with small, these latter again 
showing gradations down to the smallest, as we have just seen 
(p.I60). 

It is clear that the distribution of endemics is only a special 
case of a wide general phenomenon-that there are, in any family 
or genus of reasonable size, a few species of wide dispersal, and 
others of less and less dispersal in increasing numbers, the in· 
crease being more rapid as one descends the scale, so that the 
curve produced is hollow. When, as in very many genera, there 

11-2 
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is one species covering the whole range of dispersal, the classifica
tion can be carried into greater detail, but even in such cases as 
Cyrtandra, where there is not such a species, the phenomenon 
can be quite clearly seen. It is evidently perfectly general, and 
we shall see many further examples of it in the next chapter, 
and go on to consider its general bearings in later chapters. 

When one goes on to examine into the genera and families to 
which endemic species chiefly belong, one discovers that in most 
countries the bulk of the endemic species do not belong to the 
endemic genera. Even in a region of such marked endemism as 
the Hawaiian Islands (37), for example, where there are several 
v{,J'Y large f'ndemic grnera. only 225 out of 581 endemjc species 
belong to the endemic genera, or 88 per cent. In New Zealand 
less than 5 per cent. do so, and in Brazil perhaps 10 per cent. 

The numerous cmdcmic species that do not belong to endemic 
genera are found on examination to belong, not. as one might 
perhaps expect, to small and broken genera, which we have been 
accustomed to consider tnoribulld, but in greater proportion to 
the larger and more important genera. The average number of 
species in a genus, taking the whole world, is about 12'1, and in 
the Hawaiian Islands, taking the first hundred genera in the 
flora (37), we find that of the 47 that contain endemics. but are 
themselves widely dispersed, 86 are above the average size in 
the world, and have 102 local endemics, while 11 are below, and 
have 22 endemics. Of tbese 11 belong to Lipochaeta, which only 
occurs outside these islands as a single species in the Galapagos. 
The average size of the whole 47 genera (in the world) is 97 
species, {)r eight tilnes the average. Of these genera 8 are cosmo
politan in their dispersal, 11 are tropical and subtropical, 8 are 
tropical, these three categories including 57 per cent. of the total 
(cf. Chapter XlI, Size and Space). A further 9, bringing the total 
to 76 per cent., occur in both Old and New Worlds. 

If we tum to New Zealand, and take the first 100 genera (37), 
of those with endemics 48 are above the average in the world, 
and only 14 below, while the average world-size of one of these 
51 is 78 species, or six times the world-average. The same thing 
shows wherever I have tested it. For example, if one take the 
first 100 genera in Vol. IV of the Indian /lima (37), most ofthem 
as it happens being Asclepiads, which are nnusually small genera, 
one finds 52 non-endemic genera, of which 88 are above, and 
14 below, the average world-size. The remaining 48 are largely 
endemic genera, for India, like all large areas, bas a greater pro-
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portion of its genera endemic than have the outlying islands, 
etc. The average size of all 52 is 52 specie'S, or still much larger 
than that for the world. though less than for N('w Zealand. 

The further out one goes from the centres of great{'st massing 
of genera and ~peci{'s, in other words, the largt·r on thr t1vert~c 
(in size in the world) do the non·mdcmie genera h""onw. The 
bJ"Clwra ahm:e Dlcntioncd in th(~ Hawaiil1n hlands. New Zealand. 
and India, that arc below the average world size. arc in all 89 
with 89 endemics, while those ahove urc 117 with 688. This tits 
in with what was said above (1'. 115) ahout Size and Spaee, that 
on the whole the larger the genera, the larger the art'll they 
occupy. 

This fact, that the endemic specit~s, in all t'('gions of the world, 
belong in greater proportion, not to the small and local genera, 
bllt to the large and widespn.ad. is one of the most striking 
features that spring to attention when one begins to study 
endemism. In New Zealand. for example (37). the genera that 
have most cudemic species arc Iianutlcu/u.,l (with 82). Ep;uJbium 
(24), C<>prosma' (40), Oleana l (3S), Celmisia l (42), Senecio l (29), 
Myosotis (21), Veronica ' (81), Carex' (36) and POOl (21). a fairly 
well·known list of genera. Thes,' ten contain no l"s., than 86 per 
ccnt. of the endemics of :\lew Zealand. Or in Ceylon. the largest 
numbers of endemics are in Eugenia (29). Memecylon (21). He
dyatis (16), Symploea .. (17) and Strobilanthcs (25). again not 
altogether unknown genera, the live containing IS pcr cent. of 
the endemics of the island. And if one study the endemic or 
local species of the world, one finds these same genera appearing 
in many other places with large numbers of local species; Eu
genia, for instance. has about 24(J in HraziI (52 in the little state 
of Rio). If one adopt the explanation of dying out, these great 
genera must have become world·wide very early, and have left 
all these endemics as stragglers, dying out before the advancing 
host of those species which had proved the best adapted to the 
conditions. 

The view to which all this leads is simply, as has already been 
mentioned (1'. 61), that in the vast majority of cases endemic 
species are young specics comparatively recently evolved. and 
still in the earlier stages of their distribution about the glObe, 
while they show no points of distinction fTOm species of laTger 

! These genera also occur with endemic representatives on the outlying 
islands {Kermadecs. Chathams, Auckl«nds). where they have 2!1 out of the 
grand total of 78 endemics of these islands. or 37 pet cent. 
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area, being distributed upon exactly similar principles, and like 
them showing many of small area, with numbers diminishing at 
first rapidly. and then more slowly, towards the few that occupy 
large areas, the effect of the figures, when plotted graphically, 
being to form a hollow curve (fig. on p. 162). 

One may almost regard the question of endemism as the central 
point of taxonomic distribution. upon which all the rest depends. 
Controversy has largely centred around it, and there arc at least 
three rival explanations in the field at the present time. These 
are (1) that endemics arc very specialis{'d species (and genera) 
snih'd only to the areas upon which they arc found: (2) that 
they an' old species (and genera) which have heen driven into 
quiet nooks. or left in odd corners, by the compdition of hetter 
adapted species: and (3) the explanation just given. that in 
gelleral they are young beginners, descended from the .. wid('s.~' 

The first and set'ond explanations werc based upon incom
pl{~te knowledge of the distribution of endemics, and can no 
longer he regarded as general. One has only to think over what 
has been pointed out above (and cf. p. 55). The facts (J) that 
the endemics lirc distributed in "wheels within wheels" (cf. 
maps given above), (2) that the numbers in any genus in a 
country increase from the edge up to a nlaximuITl at some point 
or rcgion, (3) that this is the same place at which many other 
genera have also their maxima, (4) that there ma~' b,' more than 
one place in a single country (p. 78) "'here these lllaxima aggre
gate together, (5) that the distribution of thc endemics by areas 
fonns hollow curves, increasing most rapidly to the smallest 
areas of all, (6) that these hollow curves show for country by 
conntry, for family by family, even for genus by genus, (7) that 
there is no difference in type of distribution between the species 
of endemic genera, those of widely distributed genera with all 
species endemic, and those of widely distributed genera "ith 
some species endemic and some not, (8) that the species of 
endemic genera show less dispersal in a country than the endemic 
species of non-endemic genera, (9) that the endemic species 
mainly belong, not to the endemic genera, or to small and broken 
genera, but to the large. widely distributed, and H successful" 
genera of the world, (10) that endemic species are distributed, 
and behave, just like other species, (ll) that endemics increase 
in numbers and proportion towards the south; to say nothing 
of other facts already brought up, or of the difficulties in explain
ing in any single case what characters are disadvantageous (as 
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required for dying out), or advantageolls (as required for local 
adaptation), these fact..c;, we repeat, are very much against any 
e;"planation that is based, as are the two first named, upou 
natural selection. Further. upon theS(' supposit.ions it i!' itnpoSa 
sible to make any of the predictions th"t haw already been so 
s1JccessfuHv made. . 

There r~mains the third hypothesis. that in general endemics 
tU't~ species so young that. th('y have not yet had time to spt't'ud 
to any great extent, Of in other words that they aft:> in general thc· 
most recent appearances of s(wt'ies in the genera to whi('h they 
belong. Only in some such way can one {'xpla-ill tht· appC'aran{"(' 
of sllch maps as thos{' given above for Dourla or Ranunculus. or 
the ", hollow curves" of distribution. Xo valid f'Viticfl(,(> hus V(·t 

been brought up to sho\v that this i,; not tIll' ('orrect "h·\\· to h;ke 
of the existence of th" majority of endemics. There elln lx, littl,
doubt, howc\'er, that quite- an appl't'ciubk mmllx:r of existing' 
species must be looked upon dtht'r a~ rdics. or as local adapta~ 
tions. The relic ... mayor may not be dying ont (pf. replies to 
objections, pp. 88 to 94). The local adaptations mllst, of c.ours(', 
b(' looked upon as simply a spel'ial (,lbe, i.f. as ~J)('ci('s which 
appear('d at first (as all species. to Sllt"jVl' at aU, must do) as 
cminC'ntlv suited to the Ioeal ('onditions that obtained at their 
hirthpla,:c, but which have not lwcn able to spread far. hy rea'on 
of ecologica) boundaries caused by changes of condition.., at a 
very short distanee. 

~rherc are many points in favonT of thi" third hypothesis. It 
explains as well as the other two all the phenomena that th,·y 
were able to account for, and also very many to which th<'y we're 
quite inapplicable, as, for example. the eleven given on p. 166. 
It also enables us to make predictions about distribution, which 
an examination of the facts shows to be justified, and it has 
already been succel>.sfully employed ill this way nearly a hundred 
times. "Lndcr these circumstances. Age and Area may perhaps 
be regarded as at any rate possessing a greater basis of probability 
than either of the two hypotheses based upon natural selection. 

SUMMARY 

It is shown that no real difference can be pointed out between 
endemic and non-endemic species (or genera). The former are 
frequent upon mountains, upon islands, and in isolated pieces 
of country, or in regions in which dispersal is very slow, or 



168 ENDEMISM AND DISTRIBUTION [PT. II, CR. XV 

hindered by surrounding barriers. Instances are given of the 
space occupied by endemics, beginning with very minute areas, 
and going on to larger; the latter show no break as one goes on 
to areas larger again, up to any size possible for a species. No 
difference can be seen between endemic and non-endemics. 

It is shown that endemics are distributed in "wheels within 
wheels" (cr. maps); and that other features obtain in their dis
tribution, of which a brief list is given on p. 166. None of these, 
or but few, can be explained on the supposition that endemics 
are local adaptations, or are relics, and the only possible explana
tion, for the vast majority, seem to be that provided by Age and 
Area and Si7£ and Space, that, in general, they are young 
beginners, descended from the " ,,~des." 

The most important general feature in the distribution of 
endemics is probably that it is always of the "'hollow curve" 
type (fig. on p. 162) with most species on the small areas, 
and numbers rapidly decreasing upwards to the large. This same 
type of distribution proves to be the rule for all genera, however 
large they may be, and however large an area they may occupy. 
Endemics simply present a miniature of the general distribution 
in the world. 



CHAP'l'I<~R X VI 

EN'DE~rrS;\[ AND fJISTRIBVTIOX: GENERA 

WE han! seen that endemic ~pecies are I?slwcially l'OmtnOn 

upon islands, upon mountain chains. and in more or less isolat(·d 
localities (!-;maU or large), and that in all sllch r('gions th<'y in
crease, on the whoh.', in passing from north to !-;outh, np to n. 
certain limit. We hay" also ,een that it is probablt' that the gr""t 
bulk of them must be regarded as yonng beginners. Hut. if this 
be so, there is no logical reason why the SlUlIl' should not be true 
of endemic genera, which occur ill similar places, and th{!rc is 
every probability in its favour. Of COlll"SC-. just as in the ca..~c of 
sp(>cies, there are doubtless many (>xceptions h('IT' and ther(~. hut 
We are speaking of the genera in the bulk. 

\Vhcn the number .and proportion of endemic spt'Ci('s js, Jarge, 
there are generally to be found a fair nllmber of endemic genera 
also, but there seems no necessary relation l)('h\'ccn number of 
species and number of genera; or perhaps rath('r, this rclatioll 
may be much interfered with bv other causes. The HIlwlliian 
IsI~nds have more endemic g{'ner~ than Ceylon or New 7..ealand, 
though they haw many fewer endemic Sl)(",i,'s; on the other hand, 
they are more isolated. This mattcr still requires more careflll 
investigation. 

The number of genera confined to islands or mountain chains 
seems to increase with at least three factors-with the size of 
the island or mountain chain, with the isolation of the same, and 
with increased southern latitude, up to 45-500 S. The effects of 
all these factors may be seen in the list below, by comparing, for 
example, Ceylon and Java, Ceylon and the Hawaiian blanda, 
and Ceylon and New Caledonia (which is much smaller). 

The greatest proportion of endemic genera to area i. to be 
found in some of the southern and comparatively isolated loca
tions, e.g. in the islands of Juan Fernandez, the Mascarene., or 
New Caledonia, in south·west South Africa, in parts of West 
Australia, etc. But the actual numbers of endemic genera in
crease with incre ... ,ing area, as the rough figures' on p. 170 show. 

As in the case of species, no country has all its genera endemic. 
and most are very far indeed from this condition. Contrary to 

1 Taken, without criticism. from my Dictionary, and not reviled in detail. 



170 ENDEMISM AND DISTRIBUTION: GENERA [PT. II 

Endemic Endemic 
genera genera 

Islands about Continental about 
British Ifoilands 0 :\Iediterranean re~ioll 280 
~ln{'aronesi8 20 India 320 
Ce,vJon 28 Australia 470 
.Japan 61' (:olomhia 87 
Fiji 5(1 Peru 71) 
IIawaiiun Islands 45 Chile 14() 
Borneo 71 Brazil ;l:ia 
.lavn 02 Argentina 47 
!'\l'W Guitwa 1"'-_ South America na1 
Sew ('ulf"fioJ}jn ]34- South Afri['u ;')2:J 
;'I;('w ~.(·nllind :)2 Afriea }7:-la 
M!lda~as('ar :.wn 
~l:t:~eatf'n('''' (;.i 
.JtUttl F('Tnand('z 10 

what is often supposed, the proportions of end(>mic genera upon 
islands art:' usuuHy small: they range from nothing for the British 
Islands to about 12-20 per cent. upon such islands n<; Juan 
l i""crnandcz. the .Mascarf'ncs~ and N ('w Calpdonia. being as usual 
larger in thf' mOTe southern islands. On larger areas of ground 
the proportions arc greater: Brazil has about 21 per cent. of its 
genera ,'ndemic, and so has Chile, Australia about 30 per ccnt., 
South Africa about 35 per cent. Africa as a whole has about 
46 per cent., and the proportions increase with increasing area 
till one fmds 100 per cent. endemic in the world, 

'VhiIst in gent'rru it is true that increasing size of area, greater 
isolation, and greater nearness to th{' southern limit of about 
4(}-4So S. are accompanied by increasing number and proportion 
of local genera, these are probably not the only factoT' in the 
question. If the country from which the im'asion of plants has 
come he inhabited by great numbers of them, or if the communi
cation between them be broad, the proportion of local genera 
will be more likcly to be large. 

There is no definite and demonstrable difference between en
demic genera and others, and we shall endeavour to show, just 
as in the case of species. that the phenomena exhibited by them 
are simply a miniature of those exhibited by genera as a whole. 

One may, to a very large extent, repeat the preceding chapter, 
but with genus substituted for species, and family for genus, and 
find it to agree with the facts about endemic genera, which 
behave like the species, Just as in their case, the areas occupied 
by genera, whether so local that they are classed as endemic, or 
whether of larger size, are nicely graduated from small to large. 
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Inasmuch as a genns consists on the RV("rage of o\'('r twdve 
species. which ne"er all occupy th(' same area. it is obvious that 
the average area occupied by a IIt'tHlS must bt· larger than that 
occupied by a species, but that does not atfc.~l\t the ul"J!uuwnt. 

Some endemic genera occupy \'(·r.v SOIllU urt'as. e.g. Homalo¥ 
petalum in thr<-'{> parish('s in Jamaica. Itatiaia on one mountain 
in southern Brazil, Spha~lUtic(}la itl a suhurb of Rio de Jnll('iro. 
LrichlumJiia on the Daintre{' Riwr. CarpolyztJ in the immediatt· 
suburbs of Capt' Town, 1'raunia and Spondiopsis 11»011 KiJi~ 

mandjaro. Clndopu. .. ' in one or two streums in .Java. "'Il.~'illi.dFndrml 
upon Oahu Island. Seobracea npon several of the Uuha1Ila islllnds~ 
Podadenia in the IU'ighbourhood of Ratna-pura in Ceylon. and 
so 01\. Or if one takt, a singlf' country. N{'w Zealand, for example. 
and take a few of its enderni(' g-<.'lwra, 011(' finds Siphonidium and 
Tml'nRonia upon very small areas. Pach!Jcladus upon Ollt' slightly 
largvr. Colensoa rC8ehes about 80 milt·s along ~ew Zenlflud, 
Tetrachondra abont 100. Anagospcrma about 1400, NotOfrpartittm 
abollt 2~O. lnrlm about :300. lloheria 700. TUl't'ia ]000. and 
Carpodeiu., the whole length of lOgO miles from North Cape to 
the south of Stewart hiland. Of the eighteen Itenera endemic' to 
Xcw Zealand whieh have one species ('[t(_·h (37). six art' confin('d 
to areas not oyer 140 Iniles in length, or aa pt'T c{'nt. of the 
geuera upon areas not cxc('('oing 18 per (·('nt. of the wJHJk. so 
that the tendency ('ven here is to give a holl()\v CUM'{> (cf. pre
ceding chapter) .. 

In Cevlon. the lIa walian hland,. and dscwhcr<' one finds the 
same type of distribution, aud if one go on to larger and It!rger 
arClko.; one finds larger and Jarger aTe&.'\ for genera in th{' .same 
graduated way, until one {'ornes to such a world-ranging genu.1it 
as Senecio, or Astragalu.s. Though of course thefe are many 
exceptions, on the , ... hole the size of t.he geUf'Ta (lIumb(>r of their 
contained species) becomes steadily larger with the increasing 
area, as we have already pointed out in Chapter xu; of course 
allied groups only being compared. 

If instead of taking individual genera, or the endemic genera 
of a single country, one take all the genera of a small family, one 
finds the same graduation of areas. Take, for example, the 
Polemoniaceac (from the Pj!anzenreich). Of its tWelYC genera, 
three, with one species each, occupy (roughly) California and 
Utah, Mexico and Guatemala, and the Pacific United States. 
One with five specics is found in California, Utah, Nevada, and 
Arizona, one with six in the Andes from Colombia to Chile. 
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There are two with nine species. one in the Andes from Mexico 
to Chile. including Venezuela. and the other with eight species 
in Pacific North America and one in Atlantic. So far the areas 
occupied are elo.""ly correlated with the number of species. but 
in the bigger genera there is more rariation. Loeselia with twelve 
species runs from California and Texas to Colombia and Vene
zuela. Gilia with 109 and Navarrelia with 41 both occupy North 
America. the Andes. and Argentina, while Phlox with 48 covers 
North America and part of Siberia. }'inally. Polemonium. which 
has only 29 species}, covers North and South America, and north 
temperate Europe and Asia. Except for this last genus, which 
covers the whole family range, the area is roughly proportional 
to the number of species (cf. Chapter xu) and the grouping is 
jllst like that of the endemic species or genera. 

This type of distribution is very common indeed, showing in 
perhaps the greater number of the families. One genus. usually 
with many species, covers the whole or most of the family range, 
the- smaller genera, with more restricted ranges, being the more 
numerous, and on the whole increasing in number the smaller 
they are. and the more restricted their range. In the Polemoni
aceac, there are eight genera below, and four above, the average 
size for the family. one of the latter occupying the whole family 
range. 

If one take the Cistaceae (37). one finds Halimium with 26 
species covering the whole family range. while Helianthemum 
with 70 covers the Old World from Macaronesia to Beluchistan 
and Arctic Europe. and Lechea with 18 covers North and Central 
America and the West Indies. The rest. with 20. 12. 9 and 8 
species. cover smaller ranges within these. 

Or if one take the large and widespread Menispermaceae (fig. 
on p. 178), one finds (37) CoccuJus and Cissampelos with a 
distribution practically covering that of the family, Stephania 
and Tinospora covering most of the Old World. and Hyperbaena 
most of the New World., range. Within these are many genera 
of smaller and smaller range till one comes down to the 12 
in West Africa, 5 in Brazil, 5 in Madagascar, etc. There are 
2 genera of maximum range, 4 of rather less (including Meni-

1 This curious point. that the most widely spread genus of all has fewer 
species than some of the others, is by no means unique, but occurs in a 
number 'of families, e.g. also in the Menisperrnacetle. Cist.a.ceat, and Hydro-
phyUaceae. It requires careful investigation with the aid of pa.laeobotany. 
for it seems to me not impossible that the deficiency in species may be 
connected with the """" ..... ","" of the glacial period. 
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apermum in Atlantic North America and north-east Asia), about 
19 in the next cla", and 24 or more in the lowest class. 

This type of distribution corresponds to that of the species of 
Doona, Gymnema, Cissampe/os, etc., described in the preceding 
chapter (p. 157). But the Cyrtandra type (1" 159) can also be 
matched, e.g. by the family Monimiaceae (37), in which there 
arc 22 gonera with small areas (tbe largest being New Guinea and 
Celebes) and 49 spedes in all (average 2·2 species per genus), 
5 genera "vith areas of moderate size (and 22 species, RYCrage 4'4). 
and 5 with areas of large size (and 196 species, average 39'2). 
These larger areas overlap on£' another to some extent in some 
cases, but there is no single genus covering, or nearly covering, 
the range of the family. 

All these groups of genera, it will be seen, give indications. even 
when considered singly, that the areas they occupy go with their 
number of species, and if taken in groups, the applicability of 
Size and Space is ckarly obvious. 

So far, in dealing both with endemic (and other) species, and 
with endemic (and other) genera, we have been considering only 
the areas occupied by them, and we have seen that these are 
graduated from many very small areas through a good many of 
a size somewhat larger up to a tail of a very few that occupy the 
largest areas. Plotted grapbically, as in fig. on p. 162, the 
numbers alwavs form a hollow curve. 

But now, if -;'ge be the chief determinant of spread " as would 
appear to be the case from all the figures that have heen given, 
and from the success of the many predictions based upon it that 
have becn made; and if Size and Space be equally valid, then it 
would seem that the sius of the genera (i.e. their numbers of 
species) in any group of endemics should also be arranged in a 
hollow curve. If Age, Size, and Space (or Area) go together, then, 
as age is the only active' factor of the three, it is clear that what-

1 As already pointed out. age oJ itself effects nothing. but the fact that 
dispersal ~s so Jargely with age shows that the various factors tha.t are 
operative produce an average or resultant effect. so that in twice the time, 
twice the dispersal will occur, unle.~ barriers (physical or ecological) inter
fere. The essential difference ~tween this view and the older one is that 
under Age and Area all species (with few exceptions) are looked upon as 
enlarging their area, instead of a few doing so, and many contracting theirs. 

Many people take the popular view. which is based, it must be remem
bered. upon an assumed effioocy of natural selection for which as yet there 
is little proof. that species with small areas of distribution owe the fact that 
those areas are small to the competition of other more successful types. 
But there is little evidence for such a belief. It is simply a way of looking 
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ever phenonlcna are sho'm by spa('C should also be lllort.' or less 
paralleled by those shown b~' si:w. Wt· are thus led on to the 
investigation of the sizes of ~('n.('ra. to set' wht'ther they lllll)' not 
show some dennite l'f'lationships to olle another, SHdl us might 
be expressed b~' the aid of CUr\·(·S. 

Very little investigation is required to show that this i~ inlil't.·d 
the case. If we take 16/1 to mean 16 gt'lwrn of one spl'('i("s ('ndl, 
8/2 to mean 8 genera Oft\\"0 species each, and so on. then eX1Uniu(' 
the endemic flora of all th" islands of the world. nnd pick out 
those genera that are actually cn(h~mk to the islands, one finds 
that all the islands ).ihow the same type of arrangement, as m.lly 
be seen in the following list of exa.mpks: 

Table shouti Ilg the numbers of Endemic Ge1U~ra 
of different SiZl's upon a number of lsland.s 

Azores. Canaries, :\Iadcira 
Burfil'o • 
Cf'vloll 
Cu'1m 
Hawaiillu Island ... 

.Japan 

.lava 

.Mada~m .. car 

~(:'W CaiNionia 

~l'W Zealand (proper) 
SocotNl . 

HI:l, :l,"2. 1 .1-
59/1, S::l, 2,'4.1/5 
HI:I, 2'2. 1 :a, 1/5. 1 '11. 1 'l/j 
.')to\'1. 11,'2. 2':3, 214. 1 'f) 
14-:1.6'2. 7/;J. 4:4. ;J:1;, 2/6. 2/7, 1/". 

1 :n. 2 ')2, 1/14, t '17. 1 :!lfo( 
5·,il, 9.'2,11:;,2/4,1/8 
57'1. 2/2 
191/t. aii2, 1O.:a, 1'4, uta. 2i6. 2/7 • 

l·S,ailO. 1 /12, I'Hi, 1 '20 
73, 1. 27!~, 6:a. 4/4. 4::;. 4:n, 2'7, 

1/9,:1'10.2'12.111;; 
22;'1.2'2, a/a, 2:4. 1(5. 1 '0 
17'1,1/2.1':3 

On such large islands as Madagascar, where there arc many 
endemics.> the same phenomenon is shown even by single families. 
Thus the Madagascar Compo"it"" show 11/1, 2/2, 1/3, 1/5, and 
1/10, the Rllbiaceae 14/1, 8(2, 1(4, 

Every island in the world that possesses any endemic genera 

at the actual fact, which is aU we have to go upon, tbat A oceupiefo' a large 
and B a small area. lly way oflooking at the ijamc fa.<'t is to IJUppO!re that 
A j~ older than B, This is really a much more simple explanation, ~peciaUy 
when we remember that the areas occupied by the different species in a 
genus, or the different genera in a family, usually increase fairly regularly 
from very small to large. If one have areas re}Jresented by 1, 2, 3, 4, 5, 6, 
7,8,9,10, n, 12, 13, 14, 15, )6, 17, 18, 19, 20. it seems an rmnecesJllurily 
oblique way of looking at the facts to say that]. 2. 8. 4, and 5 must be 
1:'egarded as dying out, while 16 to 20 are to be looked upon 85 suc(>.essfuJ 
and expanding species, and no two authors can agree about whether the 
intermediate speeies 6 to 15 are one thing Ot the other. It is far more 
5impJe to regard an as stiU in process ot expansion, but that some. by reason 
of greater age and perhaps other advantages, have grown larger than othtn_ 
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shows them arranged in this way, with many monotypes (Ol" 

genera with one species only), a fair nmnher of ditypes, and a 
tail of a few larger genera. When plotted graphically they con
sequently form the hollow curve that we have begun to meet so 
often in dealing with distribution (cf. fig. on p. 177). One 
must make allowance, in considering the figures above given, for 
the "lumping" that is practised in my Dic#onary, especially at 
the fives and tens. 

If one add up the grand total of 1582 endemic genera of all 
the islands of the world, one finds that they show 1087/1 (10S7 
of one species), or 65 per cent. of the total, and 233/2, or 14·7 
per cent., these two making up nearly four-fifths of the whole. 
There are 104/S, or 6·5 per cent., 58/4, 49/5, and soon, the largest 
endemic genus of islands being Onco8tem()n with 60 species. If 
one take for comparison the endemic genera of Brazil, 588 in 
number, one finds 334/1, or 62 per cent., 91/2, or 15·2 per cent., 
8S/3, or 6·2 per cent., and so on. the largest having 50 species. 
In both these cases the same type of result, showing a well
marked hollow curve, is obtained, and one gets the same what
ever region of the world one may try for endemic genera, e.g. any 
of the other countries of South America, or South Africa (cf. the 
first two and 4th and 7th curves in fig. on p. 177). 

It is worthy of notice that in these two instances, the islands 
and Brazil, the percentages of genera of different SilkS arc much 
the same, the monotypes for example being 65 per cent. in the 
one, and 62 per cent. in the other. The islands, which actually 
cover about two million square miles, would probably be nearly 
equal to Brazil if the included seas were taken. The average 
number of species per genus is also not unequal (islands 
1582/8461, average 2'1; Brazil 533(1291, average 2'4). 

The endemics of mountains are also as a rnJe small genera, 
though there arc a fair number of exceptions to this, but only 
in the large mountain chains. In the Andes, for example, there 
are Chaeumthera (80 species), CincJwna (40), Cristaria (30), Nas
sauvia (50), Psammisia (a5), Puya (25), and many more of 
smaller size. 

One may go on to deal with still larger floras, and find that 
they are arranged in precisely the same way, so that the pheno
mena shown by the endemic genera are exactly paralleled by 
those shown by genera that occupy more area. If one take (as 
usual from my Dictionary, in which uncertain foUl'S are counted 
as fives, ete.) the genera that are confined to single continents 
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or continuous areas, one find1oi, for example, that in .Africa there 
are R35/1, 254/2, 136/8, 86/4,97/5, 48/6, and so on, the largest 
genus having 850 species, In tropical Asia one finds 445/1, 115/2, 
90/3, 68/4, 17/5, 56/6, and so on, the largest genus having 600 
species, In the north temperate region of the Old World one 
linds 385/1,135/2,15/3,45/4,49/5,29/6, and so on to 250, From 
this oue may go on to the world itself, and oue finds (in the total 
of 12,571) 4853/1, 1632/2, 921/3, and so on to 1600, All these 
groups of figures exhibit markedly hollow curves when plotted 
graphically, 

The variou; ligurcs that have just bcen given for islands, 
countries, continents, etc., show in a vcry distinct way that the 
larger genera arc found upon the larger and more isolated areas, 
whether of islands or of countries on the lllainland, as would be 
cxpcctt'd upon the principle of Size and Space (Chapter XII), 

Th11s, while Jaya has no endcnlic genus of more than two species. 
nor Socotra of more than three, Borneo reaches five, New Cal('~ 
donia 15. Madagascar 20, and the very isolated Hawaiian Islands 
2H. The largest island endemic genus, Oncostem&1t with 60 species, 
i~ fOllnd in Madagascar and the Mascarenes. a large total area. 
Astronia, the next largest, with 80 species, occupies large parts 
of the Malay Archipelago and Polynesia, The largest genlIs con
fined to :\'ew Zealand proper has only 9 species, but that con
fined to New Zealand and surrounding islands (p, 66) has 20, 
In. th(' sanlC "liay, the possible size of a genus increases with the 
increasing size of the area, till we reach 600 species in a genus of 
Tropical Asia, and 1600 in the world, 

All these groupings of genera, whether usually considered en
demic, or not, whether confined to small areas, or found on 
larger (even lip to the whole world), show the same type of 
arrangement, with the bulk of their number monotypic or di
typic, and a tail running out to the larger genera, the tail being 
longer the larger the size of the area dealt with, There is no 
difference between the endemic genera and the rest, 

It is also evident that the sizes of genera are grouped in the 
saIDe way as the areas occupied by their species, Both go with 
age; the older the genus, the more space will it occupy, and the 
more species will it have, Of course one must only deal with 
groups of say ten genera, and must only compare allied forms, 
to get results that are at all reliable and comparable, 

It is clear that the general types of relationship shown, whether 
between endemic genera only, between genera of larger area 
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only. or between these two elasses, art' the same. and that they 
are'the same whether we consider the areas occupied by th'e 
species of the genera. or the llumbers of species in the f.,1't'llt'rtl 

themselves. The same type also appears in til" population of Ii 
countt'v bv its flora, whrther some of it is t'udt'mie ot' not. In 
all ca~s ;,r distribution. whetht'f it hI.:' distribution b\' urt'aS 

oceupied--l1eographieal distribution or distribution in ~pace-
or by numbers of speeiC's in the generu......-{'volution or di:.;tribution 
in tim(·-the distribution s('(~ms to have bct"l1 dt,tc..'nnined largdy 
by time. If a,ge alone W('I'{' operativ(", OIl(' would get Inll(~h th(' 
sume distribution as at present exist .. , ,"",hell nne allows for geo· 
logieni happenings, and the action of barriers. Among tht:'s(' 
latter, of coltrse, ('cological barriers are of grt'at importune('. hut 
the l1encrai evidence goes to show that their action is principaUy 
nefrath'(\ like that of physical barriers. 

Ju~t as with species, endt:mic genera have b('(~n rcgardNi as 
(1) locally adapted-a ,-iew whieh has iar~e1y died out. (,spt'ci
ally since it wn~ f('ulised how difficult it would b(' to find anything 
to -which such a )i,<;t of g(~Il("NI a.s tho,"IC giv('1) sbun' fo~ New 
Zealand (p. 171) could he adapted. and u view upon which it is 
impossible to t"xplain :-iuch an arrAngement of gl'"nera in ord{'r of 
siz(' a:-; we han' just S('C'U to he the fUl<·: (2) u.s SUT\'ivuls; and 
(3) as in genera} nt·,w genera heginning life n,," such. 

As island~ have alway!'> been regarded as the typical location 
in which to look for (·ndemics-spccif's. and still mOTe genern -.
we may do weli to consider them. 

Now jf the' ('ndemi{' genera of islands bt, in reality .survivals. 
one would expect that they would at least show a tendency to 
belong to families that are small or of broken distribution, i.e. 
such families as we have been accustomed to look upon as nlOre 
or Jess moribund. And in any case, one would not expect the 
ll"eat bulk of them to belong to the larj1C and "successful" 
families. If. on the other hand, Age and Area hold j1OO<l, they 
should be found to occur upon islands (provided the conn('Ction 
was mainly by land) in proportions not dissimilar to the pro
portionate sizes of exi,ting families. 

In order to test this question thoroughly (135), I have added 
up from my Dictionary (1) all the endemic genera of all tile island. 
in the world, (2) all the endemic genera of West Australia, South 
Africa, and Brazil, three areas very rich in endemi.,., and with 
much variety of habitat, (3) all the genera confined to Australia, 

1 I.e. if the average speed of dispersal of a species were const:ant. 

1%-2 
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Africa, and South America, and (4,) all the genera of the world. 
Arranging the families in groups of ten in the order of their size 
in the world (a, judged by number of genera). and taking for 
each of the other three areas the number of genera in the same 
ten families, one gets the following table: " 

Table showing in each pair of columns the number. and tlte per
eentapc, of genera that occur in the world, and that orr ron fined 
to three sections <1 it (ending with those confined to the islands). 
The first horizontal line shows the figures for the ten largest 
families in the world for each of the ... , and tlte following lines 
those for th,' SfcOTllI, third, etc. tens of families in the world. The 
percentages are counted downwards,. tlte 40 per cent. at the top 
of the first eolum1l mmns 40 per cent. of the genera of the world. 

Tens of 
families 
(world 
order) 

1 
2 

" 4 
5 
6 

» 
lO 

Total 

l] to 20 
21 to 2U'1 

\VorJd 
~ 

Genera ~o 

50]9 4tH 
1868 ]4·9 
1004 8'7 
874 6'9 
6n5 5'5 
56I 4'4 
456 3·(i 
355 2'8 
2!UJ 2':l 
2a.3 ]'8 

11,451 91·4 

919 7'8 
]47 1'1 

Grand total 12,517 99·8 

Australia, 
Afri(_·n. 

S. Aml'Tica 
~ 

Genera (:~ 

1579 30-1 
592 14,6 
36() 8-0 
325 8'0 
271 6-7 
210 5-3 

83 2·0 
111 2·7 

99 2·4 
7'9 ],9 

\\'. Australia. 
S. Africa, 

Brazil 
,--"--., 

Genera ~o 

459 4O-5 
]76 15'5 
86 7'6 
78 6·8 
75 6'6 
57 5-0 
]9 1·6 
30 2·{j 
24 2·1 
29 2·5 

Islands 
r---"-----; 

Genera ~o 

606 8S·3 
285 18,0 
144 0'1 
1}5 7-2 

83 5'2 
82 5·1 
55 3-oj. 
48 3,0 
29 ]-S 
37 2'0 

-----,_-,-------
8715 92-1 

278 6'S 
38 o·n 

4031 99·8 

103:-1 91·] 

90 7,. 
10 0'9 

1133 99·9 

1484 9:-1'7 

1582 99'85 

The percentages agree with one another in the four columns 
in the most remarkably close manner, as a little inspection will 
soon show. The greatest difference in the whole table occurs in 
the second line, between 14'6 per cent. for Australia, etc., and 
18'0 per cent. for islands, a difference of 3'4 per ceI1t. The second 
greatest is in the first line, between 38·3 for islands and 40·5 for 
West Australia, etc., a difference of 2·2 only. 

If these percentages be plotted as curves, they give the re
markable figure shown. 

The close coincidence of these (hollow) curves is very remark-
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able. and after looking at them it i, dillkult allY lon~"'r to mllin· 
tain the position that endemic gell('rn in gClH·ral nrC' slIryivals of 
old floras. Of cour:-.t' then' urt' numy sing-Ie ('xamplt's that art' 
such. but they an.' quih' lost in tlU' ('fowd when 0111..' .. h'uls \\'ith 
large numbers. Slll'\'ivals would 1H'\Tf. so far a~ one ('lU\ (·01Wt'iYt'. 

be gradllated like this. 

~--. 

<:.i:~~:~:,~~;:-:-:-,_-._....."" ___ ~ 
The four columns of perecntll~es in the tuhle above, plotted aR curves. 
Vertical readings are the percentages, horizontal the ntlmher of the groUJ) 
of ten families. (By courtesy of the Editor, AnnaL, of Botany.) 

Confirmatory evidence may be obtained in various ways. 
Families that have been long enough upon islands to give riS(' 

to endemic ganera mllst be very old. and sO must families that 
have reached both Old and New Worlds. One will therefore 
expect these two lists to coincide to a large ext<~nt. and in fact 
one finds that 90 per cent. of thc island families that contain 
island endemic genera also reach both worlds. Or again, one 
will expect that the oldest families will have reached most 
islands, and should contain the most endemic genera by reason 
of their age. This is easily found to be the ease; the West Indies 
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have 195 endemic genera in 43 families that also occur in the 
islands of Indo·Malaya. and onJy 19in the 16 families that do not. 
Thev have 187 in 39 families that occur on the African islands. 
and' 27 in 20 families that do not. 

Incidentally, the close correspondence of these cun'es shows 
that it is all but certain that the floras of the world. in the mass, 
must have been distributed by land connections, and at any 
rate thosc of the bulk of the islands. though some of the far Ollt· 

lying ones, with few endemic genera, probably were oceanic. 
Just as the endemic species belonged to the large and "SIlC

ccssfuI H genera in greater proportion, .so the endemic gent'ra 
belong to t.he large and ". successful" families. and only a very 
few indeed to endemic families. An analysis of the above table 
of 1582 endemic genera of islands show;that 1150 of them. or 
72'6 per cent .. ar~ found in the 40 largest families in the world, 
which only contain 70·6 per cent. of the total genera in the 
world, i.e. the,. families contain rather more than their proper 
proportion of endemics. The remainder occur in another no 
families, leaving 141 which are not represented upon islands by 
any endemic genera at all. The largest of these latter families is 
the Chenopodiaccae with 86 genera. and the wholc number only 
contain 890 genera, or 6 per family, against 77 per family for 
those which han island endemic genera. The proportion of 
endemic genera diminishes from top to bottom of the table 
(ef. 135, p. 509). 

The further out. and more isolated. the island is, i.e. in general 
the more ancient the date of its peopling with plants. the more 
do the endemic genera tend to belong to the larger families. If 
one divide the 150 families that possess them upon islands into 
75 larger and 75 smaller. one finds that in Madagasear 62 of the 
families with endemic genera belong to the larger. 18 to the' 
smaller, In New Zealand the proportion is 16/4, and in the 
Hawaiian Islands 13/1. 

If endemic genera were really largely relics. one would expect 
that there would be a fair number of endemic families, but. as 
a matter of fact. these are few and small, and of the five that 
are found only upon islands (Chlaenaceae. Balanopsidaceae, 
Corynocarpaceae, Lactoridaceae. and Cercidiphyllaceae). the 
largest is upon the largest island (Madagascar) that is also a 
good way out from the mainland. 

Putting together all the facts abont endemic genera that have 
been given above, and which show that in the mass they behave 
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like endemic species, and that both cndemic s!,,'vi<" Ilnd ll"ll<'r .. 
bf'have like non-endemic, it is clellrthat notlunll but a m.'ChnniMl 
explanation will serve for the chief features of their distribution, 
when one is dealing with the mass, Age supplies such an explnna
tion, but this is hardly po"ibk to the supposition <'ithN that 
they are chiefly ,."lics, or that th"y are chidly local ad"ptntions, 
It would thns "{'<'m to follow that endemics in the lIlIISS, whether 
species or genera. are chiefly ymm~ b(>-ginnC'l"S. d(,~(,(,lld(>(} in 
j(Cneral from the mor,' widely distributed ft>tms ab"ut th"ro, 
The smaller th(> art'R occupi{'u. on the' u'\'('rfl':W. til<' yOtlllllt'f th(· 
species or genus. 

Only in comparatively rar{' (Oases ('an we look on forrns of 
small area as relic.,. The fact that in ""cry family the JIlonotyp'" 
arC" from two to three timrs as nl1mt'TOtlS as th{' dit)1)('s is (,,-fa) 

to anv idea ofreIic nutnre for the weat bulk ofth,.m. Of course. 
just ~s in the case of species. 'we must mak(> various pro"isos f()r 
the use of Age and Area. slIch as that the j(Cncrll he only COttl

pared in group.," of tC'J) aWp ... un cith('T hand of tht· comparison. 
that thev be onlv taken in tens in any <"a.,. ... {. (to lose the relics in 
the cro';d). au(i that conditions r('~ain reasonahly constant. 
Species and RrI\cra ar~ endemic: simply b('(~at1se tht,y hav(.' not 
yet had time to spread abroad. or h("CRUSt' thC')' hav{' bec·n pre
vented by barrj(~rs. som{,times phy.,jc.aJ, ~oml'tjmrs eco}ogic".). 

St7R\fARY 

Endemic genera occur in similar places to ('ndcmic sp('{'i('s, 
and instances are given of the numbers that occur in various 
parts of the world, from which it appears that i.lands in general 
have the smallest proportions, while th,' proportion incrca.,,·s 
with increasing area, up to 100 per cent. for the world. Examples 
are quoted of very small arcas occupied by many endemic j(Cnera, 
usually monotypic, and more detail is giwn of the distribution 
of genera ill sc,'cral families, showing that on the whole the area 
varies roughly with the number of species, and that both types of 
distribution seen in the preceding chapter-onc species covering 
the whole generic range, or several species dividing it among them 
-can be matched in the families, and the genera pertaining to 
them. 

It is then shown that endemic genera are distributed in different 
countries in regular order, with many monotypes, fewer (but 
still many) ditypes, and numbers tapering away to the larger 
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genera, whieh are usually found only in large islands or other 
large areas. If plotted as graphs the figures give the usual 
hollow curyes, and it is clear that the siz", of the genera depend 
on factors similar to those that determine t he sizes of areas 
occupied by species. 

Still larger floras, e.g. thos{' of single continents. or of the 
whole world, show the same type of arrang<'ment of the genera, 
with many monotypcs, fewer (but still many) ditypes, these two 
makini( about half the total, wbile the larger genera taper away 
steadil~T in number in a long tail. 

It is clear that neither the supposition that endemics and 
small genera arc relics, nor that they aTP special adaptations 
will avail to explain the phenomena presented b~' the great masf... 

Endemic genera further proy(' to helong mOTe to the large 
faluilics, just a.';; endemic species belong to the larger genera. 

The case of i~lands, usually regarded as the typical home of 
endemic genera, is then considered in mor(' det.ail, and it is 
shown that the proportions of endemic genera in (1) the islands 
of the world, in (2) West Australia. South Africa. and Brazil, 
and ill (3) Australia, Africa, and South America. are nluch the 
saul(' for all three. for each group of ten families in order of size. 
and thi~ proportion is the same as occurs in the world for each of 
these groups. Confirmatory evidence is also gh-en. the result of 
the whole being to show that ill the fllass endemic gf'Ilera are 
simply, like endemic species, young beginners, and probably the 
descendants of other genera still existing. 



CHAJ>TEH XVII 

THE MO:\,OT¥PIC GEKERA. AXD GENt~UA 
OF L\HGER SIZE 

}"lASST:-;G on HOW to deal with mOBotypi(' g<'nera. Of ~{,IU'ra with 
one sp('ci('s only, one NO(~n noti('{':o; that they !<"h{lw the snnw 
phenomena that we have aJreud~· seen in th(' cnd(·rni(· ucncru. 
Thj, is what w£' shouJd expect upon tht' hypothesi,,,. of L\:'W tlnd 
ArcH. as expanded by Siz{' and Spacc, implying as tht'y do that 
smaH genera. {'JI(lrJ)li(' or not. arc OJ} th,' 'who1!" young!'r thnn, 
&lld occupy less territory than. the huger genera in the same 
circlC's of aUinitv. 

F('w people, jwrhap:-o, have r('ali~('d how lHltnC'I'Otls tilt' monu~ 
typ<'s arc. Xo le~~ than ,p',5a out of the 12,~1711ot('Ilt'rn of nnw('r~ 
ing plants in my Dictionary (1-th ('d.) are monotypie. 1111d nrc 
usually so f('strictcd in au'a that most peopJ(, would ('nIl U}('m 
('n<iemies. A llumll('r will doubtless prove to hu\,(' more thuH OIH' 

species when we finally know the flora of it\{' world. hut He'W 01lt'S 

are frequNltly discovered, or created by the splitting of other 
genera, and there is little likelihood that till' percentage will r,,11 
much below its present tlgl1f(~ of 38·6 per cent. of the total. The 
ditypes, or genera of two species each. arc also ,'cry IWIl1('rOIIS, 

and include 1632 genera, 01' 12-9 per ccnt. III other words. the 
monotypes and ditypes alone include more tban half tbe genera 
at present existing, or 51·5 per CCIlt., whUp the tritypes include a 
further 921, brin)l'ing tbe total to 58'9 per cent. The monotypcs 
arc approximately thn'c times as numerous as the ditypes. and 
these almost twice as numerous as the trityp{'s. Beyond tt'n 
species the figure for number of genera goes below 500, and at 
twenty-five species below 200, tapering' ont in an enonnously 
long tail to the final genera Senecio (1450 species) and A<tragalu.s 
(1600). 

We have alreadv seen manv instances of the hollow curve, and 
when the genera ';f the world" are plotted by numbers containing 
1, 2, 3, etc., species, one gets a beautiful example of it. It is idle 
to suggest that further work will alter the form of this curve. 
The monotypes exceed tbe ditypes by 8221, and the ditypcs 
exceed the tritypes by 711, and so on right through the list. 

One may even go beyond the genera, and find that the families 
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are arranged in the same way with regard to the numbers of 
genera contained in them. There are 54/1 (54 of one genus), 
45/2-3 (45 of2 or 3 genera), 40/4-6, 82/7-13, 28/14-23, 25/24-38, 
22/89-63, 20/64-100, 15/101-200, 13/201-1143. The numbers 
steadily decrease, while at the samt' time the number of species 
included increases, being 1, 2. a, i, 10, 15,25,37.100,943, again 
forming a hollow curve. 

But if the whole flora of the world show such a remarkable 
grouping of its genera into sizes. then one will expect the same 
type of arrangement, in a hollow curve, to hold for the individual 
families, and in actual fact olle finds that this type of grouping 
into sizes holds for the genera of auy single family, with a few 
trifling variations anlOng the very small famili('s. :For example:. 

The familit's Contain 
A('unthucea(' (266 ,Q;CII.) II{) '1,32:2.203,0,'4, 15,'1" a.nd so on to 300 
<\(,cCrIlcf!'ac (6) 1 '1, 1 3.1.4,1 '5, and 7 and 115 
Aizou.(~a(· (20) 8 11, .'1 '2, ] 8, ]/4,2,5, and so on to 15 
Alisrnu{'{'ae (Hi) ;") 1, a,2, 3 a, 1/4, and so on to a3 
AnmrnntHreHc (72) 2U 'J, ]1)'2.7 a. 2,'4. 2"5, and so on to 100 
Atnaryllidacene (94) 28'1, }:;;2, IO,'a, 6 4, 3'5. amI so on to 100 

CommeJinu('cut' {:JS} 
Compositlle (114.'l) 
Coniferac (45) 

Saxifruo!o!Qcea(' (9(.) . 
Scrophulariact'3(' (241) 
SirnarubacclU' (3D) 

1.1,}. 4- 2 •• ~,'3. 2 '4.2'5, Rnd!so on to lIO 
446;1,140 '2, 97 'a. 4a 4, 55';}, and so on to 1450 
14;1,8 '2,213, 5/-f.. 1/5, and so nn to 70 

:nil, 12/2. 2:a, 5:4, 1:5. and so on to 225 
88.'1,82'2, J8,';3.. ]2/4.8 ;;, atHl so on to 250 
Ii, 1,6/2,2,3,2/4,3,15. Hnd 80 on to 30 

The whole number of families form similar hollow curves; the 
Coniferae are one of the most aberrant families of the entire list. 
As a general rule. the genera with one and two species make up 
about half the total (cf. fig. on p. 187). 

This type of grouping even holds for families of lower type 
than the flowering plants; for example, the Jungermanniaceae 
acrogynac show 21/1, 6/2, 918, 4/4, 6/5 and so on, the Rhodo
melaceac84/1, 16/2, 5/3, 5/4, 615 and so on, the Hymenomycetineae 
28(1, 10(2,8/8,8/4, 8(5, and so on. The numbers arc more irregu
lar, but the hollow curve is clearly shown. 

It is cleal' that this type of distribution of the genera by the 
number of their contained species is a perfectly general phe
nomenQn. There are no exceptions, when allowance is made for 
the lumping in my Didi01Ulry. If endemic genera, or monotypes, 
were really mainly relics or special adaptations, such distribution 
as this would be inconceivable, obtaining as it does in every 
locality, and agreeing with the distribution of genera about the 
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world. and with their distribution into families, as weU as with 
the distribution of speci(~s--endemic or Ilot~by art'a, QCC-upieti. 
All show the same hollow curY\'s. 

,,' 
j 

r.M:lur.::. In Olb[lIt. Of ~n 

1I10'0I'"' nul1&t~(lfc.[.n(~ 

HoHow curve&: exhibited by the groupinl[ into sizes of the gener.,. in the- n,.t 

~~: :=:~nd!c!~e~;~,!~~>/t~:k cd~ l~1nu:o~~~;:r.VN~~: 
that the curve almost always turns tht> comer between the point markin~ the 
number uf genera with 3 speeies, and that marking the number witll IS 
(indieated by the dotted lines). The number after the name of the tarnily shuws 
the number of genera in it. 

Not only so, but the biggest genera are in general in the largest 
families, i.e. in general the oldest families. If one take (from my 
Dictionary. as usual) the largest genus in each family. and average 
them, one linds 
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Size of 
family 

(g('tl('r;\j 
1 

7-13 
14-2:1 
2.j.·-:-Jti 

'Stunher of 
fnmili('s 

M 
4:; 
aM 
a2 
28 
2;,,) 

an·-ua 22 
64-100 20 

over 100 :o!:M 

Ave~eof 
larJZcst ~nera 

in each 
(sp('des) 

19, 

!;( 
~~ I. 

1251 

~~! t 
""4) 

Size of 
largest 
~enus 

(species) 

6(X' 

700 

1600 

[PT. II 

again a hollow curve. One may {'ven find th(' sections of this 
cnrve regularly arran[!ed. The families with one genns show 12/1 
(twelve ,""itll Olle sp('cies). ti/t, G/S. :3/-{., B/;:'i, 2.16-7, :$:'10, :3,)15, 
and so on tn ~90 (Symplocos). This re"iult agrees ab'iolutely with 
what has b('en said nnd(,T Size and Space in Chapter XII. 

There is no demonstrable difference hetween monotypcs and 
genera of larger size. except ill the smaller !lumber of species. 
and (usually) smaller area oecupicd. Of the 4853 of them, 1037 
occur only upon the islands of the world, usua]Jy only llpon OIlC; 
887 occur in Sout.h America, u<.;ually only in small portions of it; 
835 in Africa, 612 in Korth America. These fOllr divisions of the 
world contain in all 3371 monot:vpes, or 69 per cent. of the total 
number in the world. But if one count up the number of ditypes 
they contain, one finds it to be onI:\' 59 per cent. (or a luuch smaller 
proportion) of those in the world. The number of tritypes con
fined to these portions of the world is only 51 per ccnt.. or a 
lesser proportion again, that of genera with.5 species 46 per cent., 
of genera with 1033 per cent .• of gencra with 50 20 per cent., of 
genera with 100 species 10 per cent" and of genera with more than 
100 species they contain only 3 per cent. of those in the world. 
It is clear that what was said above under Size and Space is in 
general correct, and that the larger genera tend to occupy larger 
areas in proportion to the number of species that they contain 
(for the proportions decrease ,,~th perfect regularity). Distribu
tion about the world, and number of species, go mainly ,,~th 
Age. It is inconceivable that natural selection should group 
genera like this, 

This regular curve for the occurrence of genera not only shows 
with a large number, such as those just considered, but also with 
much fewer, If we divide the world into continents and larger 
areas, and enumerate for each region the genera. confined to it, 
we get: 
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Table .howi1lg, in raeh Ii"" IIIR percentage" of grnerQ (''''fit,,·,J 10 
the lsland.~, Au.s·tralia. etc .. and ('Qntainitlg 1. 2.8. or othl'r tlumbrr 
of SplXUS. 1'111' pt"rcentag(~ i.~ of the tot.al numbt., of gnu'Ta ron
toitung 1. or 2. ric .• SPl'cif'N, ruN (if tltr lotal l1umber (~l prnrrn 
confined tu the island..'i:, rtc. Thus 21 JUT ('t·ni. (~( all flu: monu
typ('.~' art found upon th~' island.y. ·lot) prr unt. ~r tlw gr"tlcra tt'illt 
75-]~5 speril's occur in botlt Old and .\"e"w JJ"orld.,'. 

Percentages of Gellertl of ditYtrf'nt sizt's (numberll o( "Pt'Ci"'N) 
). (If &]K'(-'l!'s in gerlUs) :1" ]0 50 7;;- AhOVt, 

125 l:l.i 
lands 21 ,. II H'U 'j·8 :I'D 
Istra.liu. '~·U 4-5 4-7 4·a 1'7 HI 1-7 HI 
"rica 17 I;. 14 14 15 HI 10 n'4- H~ 

luth America I. '" m '" 1;.\ 11 7·8 0 n·:; 
-opi{'al AOll"ri{'u 2·n 5,7 " 11 11 17 14 Hi III 
)rth Amt'rjc'a 12 1:1 12 10 II 8 2·4 ().to( no;, 
. Temp. Old Worlel " • " 7·a a·a H' 
'Qpjcai Asia " W 11 12 II 6,5 • 2,1 
LlaeotropiNLI 1I·7 2-» 6 II 14 1:' ,'H. 
~w and Old Worlds H$ 4·2 4-n () 14 XI ·,U 7:1 
is('t'lIam'utls, mustly 
f large art'as in Old 
"orld 5·1 (jot. {I-3 'i·N 7-(1 5'R 2·'7 :.Hl 

-.----------~---.--.---

100 lOCI 100 IOU HH) 100 100 HHI lOU 

This is a "('ry rcmarkablt· table. In the casc of 1.1,)l1nds. Africa. 
South Alllerie~. and 'Sor1h America (with a slight ('x{"('ption at 
the nvmotypes), the proportions of ~('Il('ra of different SiZE'S 

decrease rcp,ulari,ll (allo\\'ing for til<" jumping- of uncertain fOUTS 

and sixes as fives). This fact seems to me practically to exclude 
the idea of local adaptation, as well as that of relic nsture, for 
the great bulk of genera, though there mu.,t of course be many 
exceptions to this rule. But if this be so, then the idea thl1t 
plants have been guidi'd in their evolution by natural selection 
must also suffer something of all eclipse. One cannot imagine 
natural selection producing genera in careful graduation of sizes 
(and areas) like this. One would get distribution almost exactly 
of this type by the simple operation of the" mechanical" prin
ciple of Agc and Area' as expanded by its corollary Size and Space. 
If these two worked alone, and absolutely. one would get this 

1 As already sl?veral times explained, the J(eneraJ meaning of Age and 
Area is simply that on averages and in the long run species and ~nera 
spread at a more or less unifvnn rate, interfered with by barrien, physical or 
ecological. On the older view it wars imag-ined that distribution WWJ "0 
rapid that al1 Conus had already reached theil' UmitH, and that many were 
in proces$ of contracting their area of dispersal, 
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type of distribution shown in minute detail; and working upon 
large numbers, one gets it shown quite clearly. 

One may, however, go further than merely splitting up th,' 
world into continents. If one take the genera endemic to South 
America, and divide these lip among the eountrie, to which the 
bulk of them are confincd. and then take, for example, Brazil. 
one finds that it contains 6-8 per cent. of the world's monotypes 
(genera of one species), bllt only 5·5 pl" cent. of th,' ditypes. 
8·5 per cent. of the tritypes, 0·7 per cent. of th .. genera with ten 
spC'cies, and so on. The other countries of South America show 
simjjar, but not quite so regular. results (on account of the smaller 
nmnbers). Individual islands, when they ha ve sufficient endemic 
genera. also show the same. Thus lIfadagascar contains 8·9 per 
cent. of the world's monotypes, 2·2 per cent. of the ditypes, and 
1 per ccnt. of the tntypes, the numbers afterwards becoming 
irregular on account of their insignificant totals, but none of 
them approaching the figure for the ditypes (thc highest is . 
1·4 per cent.). 

If now, returning to the tablt', one look at the figurf's for the 
larllest area (New and Old Worlds). which includes in gcneral 
genera that occur throughout the north temperate zone, the 
tropics, or the world, but also includes a number that are only 
found in eastern Asia and in North America (i.e. really quite a 
small area), one finds the figures to go in the reverse direction, 
from 1·8 per cent. of mon';types to 73 per cent. of the large 
genera. This agrees absolutely with what has been said above 
under Size and Space; the surprising feature is that the figures 
increase regularly. 

If now one take the Palaeotropical region (tropical Asia and 
Africa, North Australia, Polynesia), one finds the proportions to 
increase up to about genera of 50 species, and regularly, and 
then to diminish regularly. Tropical America behaves in the 
same way, but the decrease begins sooner. In other words. 
genera of larger size tend to occur in both Old and New World 
tropics. In tropical Asia, a much smaller area, the falling-off 
begins much sooner, and So it does in Australia. In the north 
temperate regions of the Old World it does not begin till about 
the size of 50 species (the flora, however, is more herbaceous). 

There are many very interesting points to be made out from 
the study of such statistics as these, and still more interesting 
features can be discovered by breaking them up, and studying 
individual regions, and families, or types of vegetation, in detail, 
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but it must suffice to han' drawn att~ntion to them, and to the 
very clear wa~' in whidl they 'show that on the lar~ scale and in 
thE" long run distribution b a H'ry lIlechanical pfOC'('~~. t.r. thnt 
the various fadors (~a\lsing it aet at n very uniform rut('. HIHi 

that it is Hsuullr only stopped by ad1lal harn(·N. 
The individual area occupied hy 11 J1lonotype J.,'VUllS may vnTy 

enonnouslv, but is usuallv rllth(.'1' limitc'd. 1037 of tht'l1l O(,('lit' 

upon islands. and wheu th~ (,..,land is of auy lulJ.,.l't' size lUX' usually 
r["strictt'd to a portion of it. Th" grt'at bulk of those nwntimu.'d 
8':' found onlv in South or Xorth Arn{'ri('a, or in Africa, and tht' 
241 of Aust~aJjH. arc similarly rc·stridNJ. and ,.,0 nrt' most of 
those in the other ~r('at r{'~ion .. of tht· glohe, \Vhe'n Ot\(' ('ome's 
to genera found in both worlrl:-.. unr tinds that only 66 of tht'll\ 
are monotypic, or a nH'T(' 5·H peT {·{'ut. of thc' gt'HI'ra Hutl occur 
iu both. All bllt abou! 20 of thest' arc found only in the north 
temperate zone, whidl by rCllson of it~ connections by way of 
the arctic Tf°g-jons, formerly pa!o;.sablp for plnnt:-.. i~ Bot TC'nJly so 
larg-c in proportion a~ it ~("('ms. Rolboschucllus. JJr(l.'~enia, /lnkoll· 
,,('hioa, [It"p]>uris. Jlontifl. and ZannirlteUia are more or less 
cosmopolitan. and of tht' remaining- gt'l1l'ra thr<'(, arc ('{)Qstal 
plants carried hy Sea ('llrn'nts, and four are tropical Am{'ri("an 
and \-Vest African--("ollntri(· ... unitrd hv a cnIT<'ut that (!ros~('s in 
about three luonths. Pistia is a \\'at~r plant, and SOIlH' of tht· 
others arc doubtful identifi('ation~, ~o that tht:'f{" remuill n bare 
half-dol.cn that hs,·c a vcr~· large range. ('vid"ntly arquin:'d by 
land, or much les~ than ()·25 })(>r cent. of the t.otal of monotype~. 
These are Chri.st'iana, EulrJphidium, .. l1anil,'UTis, Remirea, Rhabdia. 
and Spkcnoclea. In fact. it is fairly evident that if one were to 
determine accurately the areas of the 4H53 monotype.", Qne would 
obtain the usual hollow curve, beginning with a great many of 
,·ery small area, and tapering a way to the other end as areas wcr(' 
reached of larger and larger size, 

In any country in which there are many monotypes, their 
areas tend to overlap like those of the endemic species. Thus in 
New Zealand, in any zone of 100 miles from north to south 011 

the main islands, there are never less than seven monotypic 
endemic genera, though of the eighteen such genera six are 
northern, ceasing towards the south, and twelve are southern, 
two only of whieh reach the far north. Just as with the species, 
the genera show a maximnm number about the centre of New 
Zealand. What re8",on (in adaptation or relic nature) can one 
find for the fact that one genus reaches from the far north to 
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about halfway down New Zealanq. while another begins there 
and reacht's the· remainder of the distance? Further. these mOllO

typic endemics have an 8YCraw' range of about 446 miles l and 
in a vari(·d country it is a little difficult to imagine ('ouditions to 
which they can be just ,'tufted in such 11 ranRf'. 

If orl{' take the families in groups of tt~n. in order of their size 
in the' world (as measured by the number of genera given in my 
Dicti(lnary). Olle finds that the column of monotype numbers 
follows that of numbers of genera with wonderful closeness; the 
first exception comes only at the seventeenth group of ten 
families. a group illeluding only 59 genera, or six per family. 
Even beyond this the numbers continue clost.'ly parallel. and 
theft' is only onec an exception. The percentages also ShO'\T clearly 
that (just as with endemics) the weatest proportion of mono
typt·s is in the Jarp,est (i.e. on our hypotheses, in ~eneral the 
oldest) families. falling steadily from 40 per cent. in the fi",t 
forty families to 30 per cent. in the final woup of 131 Ycry small 
ones. 

Analysing from my Dictionary. as corrected to date, the pro~ 
portion of mOl1otypes in the various families. one finds that in 
the families with o\'cr 100 genera the percentages yary between 
28 and .56, with thr{'<'-quarters of the whole total b{,tw{'en :13 
and 44. Those below 100 genera vary hetween 11 and (j,S per 
cent., or twice as IUlICh, with thr('e-quartC'rs betwE"('l} 23 and 50. 
The percentage in Hw larger families is c"idcntly a little higher~ 
as has alr('ady been pointed onto 

There is a fair amount of difference, therefore, between indi~ 
vidual families. In the first ten. the largest percentage is in the 
Asclepiads (54 pcr cent.). the lowest in the Orchids (35 per cent.), 
but there is not the least reason to suppose the former to be a 
specially moribund family. Other families with more than 50 per 
cent. of monotypes are Burseraceae~ Lythraceae, Menisperm~ 
aceae, Portulacaceae, Saxifragaceae, Juncaceac, etc. 

Explanations of the facts of monotypism have followed much 
the same lines as those of endemism. the genera being regarded 
as local adaptations or as relics, according to taste. But what 
has been pointed out above shows that there is a very definite 
arithmetical relationship between monotypes and genera of 
larger size. not only on the total, but also in very fair detail. 
This alone is almost a conclusive argument against either of the 
suppositions just mentioned as a general explanation, though 
of course there must be many individual exceptions, better 
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explainable by their aid. Ho,,' ('(wid lo("al adaptations be gradu
ated in this regular Orot·f. or how ('ould tht'f(' lx· [\ Vllst number 
at the last stag(> of rdit'do[I1. Hnd f('W('f Hnd fewer nt th(' stu,Jt('s 
leading up to that. and that in {"'cry family or c01lntry? 

Another grt'at difl1culty for t h(' O)d('f explanations is proyidrd 
by the in('rca~l' of monotypt·:". as of ('ndemic g(·nt~ru and spl'cit'St 
as onC' W)('S southwards and outwards. \Vhy should Nt'w Cn.lt·· 
donia. the Mascart'nes, and Juan Ft'rnand(·z Tt'tluil'1' so J1UlUY 

mOTe per thousand ~quart' milt'1'o than th(' Sandwi{'h Islands. 
Formosa and Cuba. in similar northern In.titnd("s. ('sp('(~inlly lL':; 

thdr non~('ndemic genera are in general n'~' 1nrgr and .. sUl''' 

('('ssfltl" world-ranging g('uera't '''hy should Chill' hnv(· ahout 
100 loca.l monotypes. whilt' there are (lilly about 77 in Europ(', 
witll more than ten times tilt, area? \Vhv should \Vt~st('rn Ash\. 
:requir{' so many mort' than Europe'? and'so on. 

The only T('u ... onablt· {·xplanation of the yt'ry striking- fuels thnt 
ha\'(~ b{'(·u set forth in the last thr(·(· cJlU}lkr~. so far a ... I cnn at 
present s(,(_', i~ thnt pn)\-id{,o by A~(' and Ar(,11 with it'i ('oro1inry 
Siu' and Space, that the smalh!r .!It'tI('Nt arc as R rukUl(' ~'01mg('r. 
t hat they art' probably the' d('~('(,lldanh. of tilt' lar~er ~~(·n(;"ru. 

that thf'V g-radllaJIy hlC'TCU"C tht·jr t1rl'n 'with their age. and that 
as the a~('a ill('r(_'a~(' .. , so do('<; the Ilmnht'r of species! tht~st: also 
in('rl'H"ing thdr area with their ago(:. As a 14encral explanation 
of the phcnom<>ua seen in the distrihution of plant", about th(· 
g-lobe, this eommcnds itsdf uy ib extreme sintp1idty, and by tht· 
fact that it explains what hu'i hit herto h('cu Tf'gardt·d a"i a11 in· 
soluble problem. Distribution is an (,xtrrmdy slow process, 
allowing tim(, for acc1imatisation, and tht· eff(.~ct of aU th(; various 
facto~ that aet upon it is to cause it to take place ilt a regular 
rate, so that it becomes a measure of ag(', or vice versa. Barriers 
alone interfere with it, but tbey may be of many kinds. 

St;~rMARY 

The monotypic genera are very numerous. being 4858 out of 
12,571 in the world, or 38·6 per cent. The ditypes are also nume
rous. but are only 1682, or a drop of over 3000 from the mono
types, while there is another drop to the 921 tritypes. and then 
the numbers of genera of different sizes taper away in a long tail 
to Astragalus at 1600 species. The mono- and di-types include 
more than balf of the total. and a very regular hollow curve is 
fonned. The individual families are arranged in the same way, 
~L ~ 
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each commencing with a great number of monotypes, and giving 
a hollow curve. 

In the smaller areas of the world, like the single continents, 
one finds the proportion of monotypes very high, while that of 
ditypcs is lower, and it falls off steadily to an insignificant figure 
for the larger genera. In the genera found in both worlds, on 
the other hand, the exact reverse is the ea..e, and intermediate 
phenomena show in intermediate areas. 
Th~ area occupied by a monotypc may vary enormously, but 

in g,'ncral is small; only 66 of them occur in both Old and New 
Worlds. 

The greatest percentage of monotypes is in the larger families, 
and it diminishes steadily with the lessening sizes of the families, 
when these are taken in groups of 40. 

This marked arithmetical relationship of the monotypcs to 
other genera shows that the usual explanations-that they are 
relics. or that they are special adaptations-are in general in
applicable, and that the explanation offered by Age and Area, 
with its implications, that as a rule they are young beginners. 
and probably descended from the larger genera, must in aU 
probability be correct for the great majority. 



VHAPTElt XVIII 

THE HOLLOW CURVE m' DISTlUm;TlOX 

By far the most remarkable feature th"t stands unt throngh all 
the work described in the pn'ceding P"gt's is what Illay be (c"m'd 
the" Hollow Cu,,·,. of Distribution." It was first Iloti«,d in 1012. 
whcn working lip the 1I0r .. of Ceylon f"r the Hrst pap ... IIpon Ag<o 
and Area (123), This flora of 1028 genera was composed of 578/1 
(578 genera of one specics in ("eyIOl\). 176/2. IIS/:!, -1014, 86/5, 
20/6, and so on. the nl1mber,~ b(~comjllg somrwhllt irregulnT I&fb'r 
six, but dt"Cl'f'RSing fairly regularly if' taken in twus (g('[U'ru of 
7 and 8 species, II and 111, etc.). II,H';,tg already th,· kn(lwllodge, 
fruniliar to systematists. that genera of on(~ and two species Wt!TC 

the most Ilumerous, it was thought that the regular d('crt'a~,,;(' of 
the numbpfs might be aceidf'utll). and thne did not tht'Jl permit 
of comparisons with other floras l . The hollow cur\'(', ho\\'('\'cr, 
appeared again in 1916, in counting lip the arl'a\O of distrihutioJl 
of the endemics of Xew Zealand. Unlike Ceylon, Xew 7.ol'aland 
was treated b\~ actual measurement l and wh(,11 the ('ndemics 
were divided h;to t{'u cla.<;.s('s bv area, it was found that tiw lowest 
class, though it occupi('d mu~h the smallest area ( .... o miles by 
length of New Zealand against 120 for most ela.o;scs), contained 
much the largest numher of species, having 16M Ol1t of 902, while 
the ninth class came next with 128. The two classes contained 
82,8 per· cent. of the whole number of endemics (of New Zealand 
proper), although their area was only barely 15 per cent. of the 
total. ' 

1 In actual fact, 8S may he quickly verified, aU (or O1(»It) lo(.'ul flora .. 
show the same thing, with their genera artanged in holJow curves when 
grouped by the number of their (local) species. 'rhis is what one would 
expect if genera are produced from other genera at a more or iesH unifonn 
rate, and in a more or less ., casual" way. The subject will be treated in 
greater detail in another place, and it will suffice for the present to (.'8.11 
attention to the fact that the hoJJow curve is regularJy shown, as by the 
Ceylon local flora (above, and cf. curve 4 Ol\}). 281). The Briti5h flora sllOWI 

223/1,90/2,35/3,32/4, ]6/5, ]5/6, 517, 7/8, 2/9, 6/10, and 80 (In to 71, the 
numbers becoming rather irregular after 6, The flora. of Camhridgemire 
(Babington, omitting Rubua, Ilieracium, and Saliz) shows 210/1, 61,12, 86/3. 
2]/4,14/5.6/6, and so on (I.e. curve 6). That of Wicken Fen, which i.s only 
a very small area in the same county, is gt'aduated in the same manner. 
The flora of Italy (l.c. curve 9) shows the JJame thing, and 80 do the floras 
of Greece, British India~ ~ew Zealand, the Bahama Islands, and others 
that have been tested. 

13-2 
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These results are shown on pp. 162, 287. The middle class for 
!'iew Zealand is rather high, hut this is probably due, as I have 
elsrwher(' shown, to the occurrence of Cook's Strait in the middle 
of New Zealand, and it is worthy of notice. that Xew Zealand, 
from which SUdl strong {'vide'ne; has been derived in support of 
my contention that age is the main factor in distribution. shows 
tht· most irregular curve that has as yet been met with in 
('xamining 111auy hundreds. The fact or the di\·i~ion of the islands 
by straits, and the prohable occurrence of se,-('ral different in
vasions of plants (127.131) arc likely enough to account for this. 

As both theM' curves agTced in type, and us the figures for the 
endemics of Ceylon, though only estimates and not Rt'tuaI 
mrRsurenwnts, s('('mcd to hint at something of the sanlC kind, 
lny att{'ntion was thus roused, and cspeciaUy so when the next 
figures that I obtained, those for thC' distribution of the endemics 
in the outlying i,lands ofN('wZealand (129, pp. 329.331), showed 
the sanH.' ('urw', but in a reversed. direction, the maxima beillg 
upon the larg('st areas, It was next s}1o'wn by the endcmic~ of 
the Hawaiian hJandt>, where 47 per ccnt. werc confined to one 
island. llnd 20 peT ('(·nt. nwre to two (out of sevcn). and the nurn
hers rapidly diminished upwards (p. 162. ('urYe 3); then by the 
species of Callitri" in Australia (130) and their local distribution, 
and aftenvards by other things. 

]\~lImerolls instaI1{,{,s of the hollmycurre have been given abo\'{'~ 
for example (in species first of ali), in thc distribution of the 
spccies of Rallunculu" in Ncw Zealand (Pl" 153-6). in the 
j!eneral distribution of the species of Cyrtandra and their local 
distribution within the Hawaiian Islands (1" 160), the distribu
tion of the Boraginaceae in New Zealand (p. 161), of Oleada in 
that country (p. 161), of Dorma in Ceylon, of Cyanea and Pelea 
in the Hawaiian Islands (p. 161). of the species of endemic and 
non·endemic genera in the Hawaiian Islands (p. 163), of Exacum, 
Christisonia and Ebermaiera in India (p. 168), and so on. In
numerable instances of its applicability could if necessary be 
produced. Most of these curves are shown on p. 162. 

In the same way, the curve applies to genera, and instances 
hayc already been given, for example, in the geographical dis
tribution of the Polemoniaceae (p. 171), the Cistaceae (p. 172), 
the lIfenispermaceae (p. 172), and the Monimiaceae (p. 174). 

The curve is thus a general feature of the distribution of 
species by areas occupied, and goes to show that age is of enor
mous importance in geographical distribution. In view of these 
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(acts. ancl of th~ strikin~ way in whi~h it has Il<'en found. in 
reRan), for instance. to thl" flora of ~('w 7A-aland. thnt. prt~dietj()n ... 
as to distribution may he mndt" upon ft ha.',;,is of ag'e oniy. and yet 
ht' reasonably a('('ur.uh'. it would S{'('Jl) prohable that llgf' J-; by 
far the principaJ factor in df'te-rmining g('ogrllphj{~aJ distrihution. 

This of COllTW simply UH'un"" u<; ha ... a1rf'ady bt'{'Jl cxpJHim·d. 
thllt th(' resultant cff('('t of thf' man~' rU(·tors thnt url' nperati,",' 
upon .any illdi"idual spC'{'it''i (and stiH )ilOT(' upon ~111~' ~roup of 
ten allied forms) is so uniforlU. n·ht'u long period ... of tiUlt' art' 
deaH with. thnt dispersal f!O!'.'i n'ry Jar~t')." with ngc. Th(.' grt'nt 
diflcrt'uf't' hetW(,{,ll this and the older "jew is that we cau uo 
lon,C'<'T lonk upon the di:.;pcr .... ;d af spcC'ie" H'" havin~ r(~ach('d ih 
limits. Defore the ri"ic of the tht'or" of Hatllra! selrctjoll. lJ.'" }ta'; 
bl'pn pointed out on p. :j, the cf{{'··et~ of uge Were r('Counised. hut 
in t}w In. . ..,t .\ixtt· V('a~ thev hR"{' been m()rt'~HJl(1 more lost to 
view. Th(· I1gm:('s' that iuu:(' OCPfl gj\'('li ahovt', howl'veT, .... tww 
that ill r(·ltlit~· they nrc pcrhnp"i the principal features thnt I1Tt' 
apparent in di"itrihution. 

But Siz(' and Spa('(' also ('nler.. into tll(' 111lt''itioH. and if we 
{'on'lideT thi~ principk· al",(1 t(, he valid. It'\ ind('('d s<,ems shown 
h~' the many cas('s (}fit~ applicatioll t}mt }un'(' heen ,C'in'll uJ.ron>, 
th('n we shaH expect that as Ag-<'. Size, and Spa('(' (or ~\r('lt) ~o 
tog-ether. the pll{'flomena exhihited by Si7.(, will b{' more or Ic~s 
like tho"i(' ('xhihitcd hy Spa('(~. iU3SrrtHl'li a ... . r\~(' is the ouly activ(' 
factor of the thrce. :\ctual ('xaminatior\ ~O(ln :r.how . ., that thi., il-i 
the' ("a<;.e, and that gf'uera of OIl.(' (·Olmtry. {'nd('ntic or not. ar· 
rang-ed by sizes, form a hollow curve lik(" those form{~d by :lipeci(~s 
in order of area; they begin with many rnonotypes. and a good 
many ditypes. and taper off into a more or less long tail of larwr 
genera. This of COllr:o,e means that the' hollow curve enters not 
only into geographical distribution, btlt also into evolution, for 
not hing but evolution could produce the Si7A~ of a genus. 

The hollow Cl.lTve shows in the di"itribution into sizes of the' 
endemic genera of aU islands (p. 116), of the eodemic genera of 
individnal islands (p. 175), of those of Brazil (p. 176), and other 
countries. It shows again in the composition, by sizes of genera., 
of the floras of Gn,at Britain, Ceylon. New Zealand, India, etc., 
and shows in the clivision of these into portions of the country. 
single families of reasonable size, and so on; it shows again in 
the composition of the lists of genera with one, two, three, or 
more species. Once more it shows in the composition of the 
lists of genera confined to larger areas of the world, sneh as single 
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continents, and to the whole world (p. 185). It shows, and that 
very eonspicuolll>ly, in the composition of the variolll> families 
by sizes of genera (p. 186), as well as in the average size of the 
largest genus in each family (taking the families in order of size, 
p. 188). It shows in the fOllr curves of percentages given on 
p. J 81. And it shows, finally, with great regularity of expression 
in the curve for all the genera of flowering plants grouped by 
sizes (p. 185), and in other features. There is no limit to the 
number of instances that could if needful be produced. 

Now this is reallv a "cry remarkable state of affairs, and that 
it has not been dis~vered at a much earlier period can only be 
attributed to the fact that the rise of the theorY of natural 
selection diverted effort from the lines which it is cicar (cf. p. 8) 
that it was beginning to follow in 1858. Until, however, the 
theory of evolution was firmly established, it seems doubtful if 
much could have conl(' of any demonstration of the effects of 
age. Tbe clear arithmetical relationships that exist between the 
various groups of plants ... widcs ,. and endemics for example, are 
only explicable if one consider that they arc mutually related. 
The Darwinian theory established for us the law of evolution, 
and it now remains t~ carry the work a stage further. 

It is somewhat difficult to perceive why the now elearly 
demonstrated faet, that age is the most powerful clement in the 
dispersal of species, should rouse so much opposition, That an 
older species should occupy more area than a younger one that is 
closely related to it, seems almost axiomatic, and was evidently 
clearly recognised by Lyell and Hooker (cf. p. 3). If two species 
A and B have much thc same dispersal methods, and are suited 
to much the same soils and dimates, then it is clear that if we 
call these three factors a, b, and c, the dispersal of these two 
species will be represented by the formula: 

dispersal ~ (a + b + c) x age. 

If the dispersal is the same, therefore, the age will be about the 
same, while if the dispersal of A is greater than that of B, its age 
will be greater. If we transfer age to the left-hand side of the 

equation, we get dispers_al ~ a + b + c, showing that dispersal 
age 

goes with age only. But age simply represents the total effect 
of the operative factors a, b, and c, which will be the greater the 
longer the time during which they have been acting. 

For the last half century, however, we have been under tbe 
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sway of the theory of natural selection, which demands origin 
of species upon large al'(',,<, as well as the occurrence of l11any 
species that are "going under" in the stru~~le for existeuce. 
The result has been, consequently. that the spl'cil's of small ,m'as 
have been rcgardl'd QS the (uilll"'s. and this h .. s derived support 
from the fact that fossil bolany shows that there arc Vllst lI11m
bers of extinct fomls. Alns! l;"tanical work hilS bt"'n dOll(> ill 
the regiolls that were affc'cted by the la,! glacial period. which 
has left very many survivals in thorn (c.f. p. 86, footnute), rt is 
not fully realised that though there may bt, p'·rhllps R thouslUld 
of such survivals. they are completdy lost in the crowd wiwu one 
deals with the forms of limit('d area, or with the mOHotypic 
genera as a whole. It would he absurd to apply the ('xplnuation 
of rclicdom in fa('c of such facts as thoM' given in Chapters xv 
to XVII. Few people would now b(' found to exprt·ss thcmsdv~s 
in support of natural selection as a cause for origin of species. bllt 
though the prt'lnises of the argument U1'e darnagt'<l ur abaudoJwd. 
they hold strongly to the d('dl1C"tions that were mu.d(! from them, 
chief among which, in tht, present cOJU1{'ction, is that species 
have reached their limits of possible dispersal, and that th,,,,, of 
small area are the defeated in the struggle for exish·ncc. 

So long as such a vi('w was taken of distribution, so long: would 
it have seemed absurd to expect to get any result from statistical 
investigations. But the IigHres that haw actually heen ohtained, 
and of which many in~tanc('s are given above. show that what we 
have eallcd the hollow curve obtains throHghout. It ohtains. for 
example, in the grand total of genera in the world, and for the 
totals of genera ill every single family: for the distribution of 
endemics, and of local tloras, whether for areas occupied by the 
species, or for the sizes of the genera; for animals a. ... well as for 
plants. The hollow cu"'"e is apparelltly a universal principle of 
distribution, whether it be distribution in space-geographicaJ 
di.1:ribution--or distribution in tim~volution. A species as 
it increases in age. expands its area, while a genus increases its 
number of species, the younger occupying smaller and ,maIler 
areas, usually within the area of the Iirst species, until that 
becomes very large (and sometimes even then). 

The very important bearings of this work upon the general 
theory of evolution must be left for later publications. It will 
sutlice to have called attention to the facts. 



CHAPTER XIX 

APPLICABILITY OF AGE AXD AREA TO AXIMALS 

,/\T an early p<'riod of my studies of Age and Area, when onc(' 
I had found how lInivC'rsally operatiyc it was in the Vegetable 
Kingdom, it scemed to me that in aU probability it must also 
apply to animals. though perhaps with l('ss force on aC('()lmt of 
tht'ir capacity for movement. Accordingly, I asked Professor 
J. Stanley Gardiner, F.R.S .. for help. which was giwn in til(> 
most unstinted manner, and for which I take this opportunity 
of expressing my most grateful thank~. By his adTiN' I illY('sti
gat('d some groups of Land ::\,Iollnsca~anirnals whose locomotive 
capacity is som(~what limited-aud I found that their distribu
tion agreed fairly clos('iy with what would be expected under the 
hypothesis of Age and Area. One or two other group' that he 
also recommended showed the sanl(-' thing. Thf' great djHlclllt,Y 
in applying Age and Area to aHimals rests upon the fact that 
Professor Stanley Gardin('r pointed out, that in Ycry numy 
groups either the systematic grouping or the geogralJhical dis
tribution is but imperfectly knolvIl, and that there aTe com
parative]y few groups in which our knowledge of hoth is fairly 
cOlnp]ete. And of course in applying a I}eW principle like Age 
and Area to the Animal Kingdom one Inust be ycry sure of one's 
facts, and not leave it possible for anyone to say that a more 
~'Omplete knowledge of the subject would yield quite different 
results. 

At this stage I left the subject for a while, being much occupied 
with the extension of its application to plants. At a later period 
Professor Stanley Gardiner recommended me to apply for help 
to Mr Edward Meyrick, F.R.S., the well-known investigator of 
the Micro-Lepidoptera, who had at his command all the known 
facts about the systematic grouping and geographical distribu
tion of this group. Mr Meyrick was so kind as to furnish me with 
the figures of the numbers of species that occurred upon New 
Zealand and upon other islands. and the genera to which they 
belonged, and from these I was able to determine that this group 
also had closely followed Age and Area in its distribution; not 
so closely, perhaps, as the plants, but with sufficient approxima
tion for the fact to be unmistakable. 
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Hollow curves of distribution of sizes of genera in various families of 
animals. plotted in the same way as those for plants on p. 187. The 
almost eXHct paraUeHsm of the curves for hoth animals and plants 
may be seen in the fig. on p. 237. 
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It was thu, becoming gradually clear to me that with perhaps 
rather greater deviations than in plants, Age and Area was also 
a rule for animals, and in the latter half of 1920 I began to write 
a paper, which I hoped might be published by one of the zoo
logical journals, upon the application of Age and Area to such 
questions, But as about this time the work upon the "hollow 
CUT\T," described above. b(igan to show promise of very striking 
results, I decided that it would be better to leave the matter 
alone for the meanwhile. 

Since finding that the hollow curve is practically universal in 
the distribution, and also in the actual e"olution, of plants, and 
that it can b(, traced by merely adding up, and sorting into sizes, 
the genera that mah up any group, the application of the theory 
to animals has been rendered a much mOfe simple matter. 
Professor Stanley Gardiner once more came to mv assistance, 
and gave me a ~tatt 'with the names of reliable ~atalogues of 
genera and species, such as those of Boulenger (Lizards, Snakes,. 
Amphibia, Pcreiform Fish); and Miss Taylor, Librarian of the 
Balfour Library, Cambridge, showed me a number of others. 
}'inally, Professor Stanley Gardiner recommended me to apply 
to Dr Hugh Scott, the Curator in Entomology, and an authority 
upon the Beetles, With his assistance, which was f""ely and 
liberally given, I have been able to enumerate a number of 
families of this group. 

The result of all these enumerations is to show that the 
'~hollow curve" is as well marked in zoology as in botany. for 
I have found it to show clearly even in such small groups as 
the lizards and the snakes (fig. on p, 201), and it is as evident 
in the Ungulate Mammals (Lydekker, 1916), the Chiroptera 
(Anderson, 1912), the Amphipodous Crustacea (Bate, 1862). 
the Marsupials (Oldfield Thomas, 1888), the Mycetozoa (Lister, 
1894), and even in such small groups as the Cyclostomatous 
Polywa (Buck, 1875). 

Some of these curves are shown in the fig, on p. 201. As it 
might be thought that parasitic animals would show a different 
curve, I counted the Ichneumonidae (de Dalla Torre, Cat, Hym" 
1901) upon Dr Scott's stlgg"Stion, and the illustration shows 
that this group also exhibits the hollow curve, though there is 
one irregularity shown at an earlier stage than usual. There are 
60 with four species and only 50 with three, whereas the ownbers 
usually do oot show much irregularity till one comes down to 
about 20. 
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In the Beetles th" cun'e shows dearly in all groups rounkd. 
For example. the Ten,'brionidae (Gebi"n, Col. Cal. 15. 22. 21', 117. 
1910--11) show 489/1,154;2. 103f3. 7314,40;5.48/6.32/7.32/8. 
24/9, 10/10, and so on; the same kind of figut<~s art' shown by th(· 
Coccinellidae (G,'mminger and Harold, Col. Cat, 1816). and the 
Chrysomelida,· (lb. IR76). as well as "tiler smaller grt"'P' tIm! 
were count,"<i. Unfortunatelv. I «mnted the C"ecinellid"" and 
Chrysomdida., from an old ~atal()guc. and the new catalog",' is 
not yet suffici('utly complete to enable ti comparison to he illsti~ 
tuted. The result of com pari Ill! lIoras of different <iah" and by 
different types of systematjst~~ however. 1t~ad') olll' to suppos{' 
that the result would 1)(' Y('TV similar. 

:Sot only dcws the curve show ill gellt"rallists of the llllimab of 
the world. like these, but also. just as in the case of plauts. it 
can be seen in local faunas. Thu.s taking Barr(·tt's Briti,h Lepi. 
doptera (London. 1905). one linds that the genera whose namos 
begin with A. B. C or D show 112!1 (62 of one spe"i(" in Britain). 
28/2. 18/8, 4/5, and so on; those with E, G, Ii or L show 5'~ll, 
18/2. 14/3, 10/5, and so on; those with M. )1;';0 or J> 611/1. 15/,l, 
9/3, 8/5, and so on; and those with R to Z 36/1, 7/2. (JIll. 4/5, 
and so on, The total shows 215/1, 6R/2. 42/11. 20/5. and so on. 

The British Echinoderms (Bell. 18!J2) show 311/1, 16/2, 5/11. 
and so on. Even so small a group ... , the British Spiders do('s its 
little best to follow the curve. It is clellr that the rule holds lIS 

well for animals as for plants, a.s will b{' seen by examining 
the fig. on p. 237, where the curves for animals and for plants, 
for local floras and for local faunas, ctc., arc mixed up together. 
The same rules hs\'c evidently guided the ('volution and the 
geowapJ»ca) di,tr;bvt;on Df botb groUf'." 1lJJd the cKtJ"B'()roillary 

parallelism of the curves goes to show that both evolution and 
geographical distribution were largely guided by factors that 
acted in a mechanical way. The very interesting suggestion ha.. 
been made that the parallelism may be dne to the fact thnt 
animals are (in the long run) a function of plants. But it does 
not seem to me that this is quite sufficient to e"plain. for instance, 
the fact that the Ichneumons show" curve parallel to the others. 



CHAPTER XX 

THE ORIGIX OF SPECIES 

No slIb.ice! ill biology h8' been the callse of such excited debate 
and coutrc)\-ersy as has this, since the publication of Darwin's 
Origin of Speme.1) in IH50. '''ere it not that Age and Area seerns 
to have some not unimportant bearings upon the subject, we 
should ]lot hring into this hook so thorny a matter of dis-pule. 

If in this chapter or elspwhere I s('em severely to criticise the 
Darwinian thcoTY! it is not hecause I do not appreciate its many 
strong poillt~, nor is it that I am trying to throw contempt upon 
it. The' thcory is us legitimate a subject for criticism as is any 
other. It docs not seem to me that it has been properly realised 
that the" Darwinian theory" has two separate sides. Darwin's 
immortal scn'ice to science !iC's in thl' fact that he established 
the theory of Evolllt;on---l1nti) then rf'garded with contcmpt
in an unshakeahle position, which all subsequcnt r(,search has 
only strcngthelwd. But to establish it he had to invent some 
machinery by ffi('ans of which it might be SUppos{'d to work, and 
for this purpose he de"jsed the very simple and beautiful mechan~ 
ism of natural s('leetion. So strong Was the a priori ('vidence in 
favour of this. and so well did natural selection seCIll to explain 
almost everything in animated nature. that within a short time 
it was accepted all round. and ,,,ith it the theory of evolution, 
v.·hich is now established as the ruler of thought, not only in the 
scicntilic world, but outside of it. The mechanism of natural 
selection has, however. been for a long time subject to all in
creasing sen'rity of criticism) and as .a u'orking theory is now 
becoming largely moribund. 

No theory as yet brollght forward in biology has been for so 
long a time a stiluulant to research, nor has any proved so 
fruitful ill educing valuable work. It may suffice to call attention 
to the Ycry differcnt position of biology in 1859, and at the 
present time. It is hardly too much to say that all, or nearly 
all, the work done during that time owes its inception, at least, 
to the influence of the Darwinian theory. Xot only so, but it 
has produced the most far-reaching effects in all branches of 
human thought. 

The literature in praise of the theory is already very bulky, 
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and nly present object is not to add to it. but to criti<"is(" <'t'rtaiu 
aspects of th{' theory. and to show in what di1't_"t~tions it. has 
failed to give us satisfactory explanations of ph('n(lffif'na. or 
fruitful subsidiary hypoth('st's upon whi('h to work. To stl,qgcst 
a doubt of its enormous v.alut· in Uu' tldnlllCf' of kunwJedgc would 
be to rank all th{' workers of tht' hL .. t sixty Y('lll'S us upon the 
intellectual I('\'cI of the llllshman or the I-;sqnimtlllx. 

There ean be little doubt, h(lW('\'f'r. that during- ret't'nt years 
t.he thf'orv of naturnl sd('C'tion ha.~ b('('Olll<' what WI' may eull a 
limiting factor ill the progress of bioJ(I~y. lmd Uw time , ... ~'('m .... to 
me to havl' arrh'ed wh('n W(' ought to ('onsider 1 hl' udYic(' ~i\'cn 
by Sir .Joseph Hooker ~OOIl after hi~ first a('C('ptuucc of the 
th('ory: 

II The advocate of creation hv "ariation rnav have to ~trct.(!h 
his imagination to account fo·r sHch A'aps in a. homogeneous 
system as will resolve its members into g('nera. cla.sst·~, and 
ordcr!-.. hut in doing: so lw i~ only l'xpandjn~ t.he prindple whicl\ 
both throrist .. (i.f, sp('C'ial erentionist~ and na.tural seJp('tionists) 
allow to have operah·d in the r(.'soilition of sonw groups of indi .. 
vidual..; into yariet.ics: ... ~atllrat Seleetion explains things better 
... it is to this lat.t('l' that the lHlt\lra.li~t should look ... h()ldin~ 
hims('lf ready to lay it down \\'h('1\ it shull prove as l1sclC'!l.s fOT 
the furth{'r adnmPl' of scienel'. as the long serviceable theory of 
special creatiou~. found('d Oil g('lwtic r('semblaTl(,('~, now app('ars 
to me to b(', H 

We·nt (112. p. 270) hils said tha' \\,(' (Jug-ht to drop all td"o
logical explanations. and not eonsideT nature' as buying any aim. 
This rnav seem somewhat drastic. but us vet We UTe withuut 
any f'vjd~'ncf' as to what is the ai~ of natll;e. t.hough the work 
that has been described alx".e seems to show that she perhaps 
has one, for it seems evident that t.he evolutionary clock was 
wormd up to run OIl a very definite plan. But for what nature 
is aiming in this definite way, We are completely ignorant. and 
it will, it seems to me, prove more wise. in the present state of 
science, to follow \Vent1s advice, leadng out of serious account 
as yet any suppositions as to the ultim~te aim of nature. 

We have shown in the preceding chapters that the phenomena 
of distribution, whether it be distribution in space of specics 
and genera, or distribution in time, as exhibited by the grouping 
of species into genera of various sizes, can be graphically repre
sented by hollow curves, which could if required be produced 
in tens of thousands. It is clear that such a general phenomenon 
must have a general explanation. and that this must be largely 
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mechanical. These phenomena, as bas already bren shown. can
not be satisfactorily explained by any of the many suppositions 
that have long been current, based upon natural selection. A 
difierentiating cause like natural selection eould not produce 
such uniformity of expression, and at the present time, the only 
feasible explanation in the field scems to be that provided by 
Age and Area, which explains the species and genera as developed 
in Jo>t1ccessiv(> order and gradually expanding their area (and 
their number of species. in the caSe of genera) as time J.{O(;'s on. 

13ut if thi' explanation be correct, it is clear that the smaller 
the area oecupied by a species, the younger on the average will 
it be. in its own circl(' of affinity. The only logical conclusion to 
this is that in general the minimum area is that ()('cupied b~' 
species just coInmencing their life as such. But. as already shown 
(pp. 54, 55), this may be very .. ""all indeed; a species may be 
easily limited to a dozen or two of individuals, jf it does not 
actually begin with one or the progeny of one'. It is clear that 
we cannot regard as the formative cause of the gene8is of the 
species a struggle for existence resulting in the conservation of 
favourable variations, especially if these be of the kind that we 
understand as infinitesimal or fluctuating. 

The new species just commencing will have to undergo a 
struggle for existence, usually of a very strenuous kind, imme· 
dimely, and if in any way unsuitable to the conditions that pre
vail at the exact place and time of its birth, will at once die out. 
as a rule leaving no trace. If it survive, it may continue to 
spread so long as it finds conditions in which it can grow, and 
the ultimate area that it covers will depend upon that and upon 
its age (cf. de Vries, below, p. 227). 

One of Darwin's innumerable services to the cause of science 
was to call attention to the struggle for existence. Even he, 
however, perhaps hardly emphasised sufficiently the intensity 
of that which probably takes place at the birth of a species, 
except upon more or less virgin soi]. If in any way unsuited to 
the conditions obtaining at the time and place. it will be alJ but 
certain to succumb. Mere heredity, however, will tend to make 
it more or less suitable. But even if well suited, the new species 

1 A few days before I left Rio, Dr Ufgren found, on a little island about 
three miles off the coast, a new and very distinct RhipsoliB. of enormous 
:Uze. He told me that there were only fuur examples on the island. I could 
:mly find. on the summit of Ritigala. about a dozen examples of ColtJug 
!longatu. {po 54). And cf. Didymocarpus and Chri&ti>onia, p. 151. 
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must probably have some degree of I .. "k. It may not chance 
upon a spot where it can grow. the ground being already fully 
oecnpied by a closed assOt"iatioll of plants; or it may ""sily be 
destroyed by a fire or a flood or other aeeid"nt (cf. Did"mot:orpu8 
and Christisollia OIl p. 151). 

The older "iew, tllat speci~ aroSe hy gra.dual acct1l1lulu .. 
tion, of infinitesimal or fluctuating variations (up and down 
variations, such as always show in any character. as when a tNtf 
,,~aries in length from one to olle and II half irwhes on tht, same 
species), is now dying (Jut in favour of l'nutations! or sudden 
alterations of form. which ha"e their origin in clumgl"S thRt huv(~ 
occurred in the material bearers of hen·dih'. It is conceivable 
that any changes. h,)\\'<'\'or great. might b;' brought about by 
the accumulation of fluctuating \·ariation. prnvided (1) that the 
variations were fully hereditary, (2) that they were not linear. 
~howing the sam(' character in gI'(~R.tcr or less dl'gf('(', bllt dif~ 
ferentiating. a simple leaf. for {>xampJe, showing a tendency to 
compoundncss. (3) th.at the nrc("ssary variations appc:~1\rt~. and 
(4) that natural sdectioll should be "hI<- to act. i.e. that th" 
appearance of the variation should givt, to th" plant or plants 
possessing it .~uch adrantage .... as ~hould en.~ur(' their survival in 
at least the majority of cases. 

In regard to the first suppo:--,ition. so far as we know. infiui· 
tesimal variation is not fully hereditary, but ahV8)'s rt'_grt'sS("s or 
falls back. so that while one may make greJlt improwmellts by 
,election (as. for example. in the speed of trotting horses. or the 
content of sugar in the root of the beet) there always comes a 
point beyond which one cannot go. It is sometimes stated that 
the wonderful varieties of our cultivated crops owe th<'ir origin 
to the selection of infinitesimal variations. and that when left 
to themselves they go back to the wild form. but this is not the 
ease, howe,'cr; as Hooker long ago pointed out. the cultivated 
apple goes back. not to the crab. as is popularly supposed. but 
to crab types of cultivated forms. 

These facts agree with ordinary observation, which gives no 
reason to suppose that conJinU0U8 change is going on. Hooker 
(65 a, p. x) has so well put the argument in favour of the general 
permanence of species that it would be presumptuous to try to 
better it (I have shortened it). 

"(1) The fact that the amount oC change produced by ex
ternal causes does not warrant our assuming the contrary as a 
c;enerallaw. 
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(2) The permanence with which widely dispersed species re
tain their characters. whether naturally or artificially dispersed. 

(3) With comparatively few exceptions. plants are confined 
within well· marked limits; sporadic, (discontinuously dis
tributcd) arc rare. If they varied indefinitely. sporadic distribu
tion would be thc rule. 

(4) A multitude of allied species of plants grow close together 
without any interchange of specific character. 

(5) The indi"idllals that inhabit the circumference of the area 
occupied by a species aT{" not found passing into other species, 
but ceasing abruptly ... may meet or overlap similar species. 

[(6) A negath'c argument in favour of distribution from one 
ccntre.] 

(7) The species of the lowest orders (now families) are not 
only the most widely distributed. but their specific characters 
are not modified by the greatest changes of climate. 

(8) The fact that no plant has been acclimated in England 
within the experience of man." 

A little consideration will show that these arguments, with 
the possibJe exception of thp eighth and last. a:te as sound to-day 
a"O;; whell th('y were written, and all the work and ('xperienec of 
Jordan (62), Johannsen (61), and the many ecological writers 
"frecent years has but added ,trength to them. But the stronger 
they bpcome, the greater is thl' arg-ument in fayour of sudden 
change by mutation. 

The second and third prodsos (about fluctuating variation) 
above given really go together, for we hay!' no cyidcnce that 
differentiating yariations can appear at all, unless so large and 
sudden that they are rcallv mutations. not connected with the 
preceding form· by infin{tesimal stages. }'luctuating or in
finitesimal variation is simply up and down in the same charac
ters; one never finds a leaf varying by imperceptible stages in 
the direction of a tendril, or of compoundness, or towards a 
pitcher. 

A great difficulty for the theory of natural selection, though 
indeed it is no less for any other theory, is to explain the occur
rence of correlated variations. Why, when a plant produces 
tendrils, or climbing leaves, should its stem at the same time be 
weak and flexible ? Yet the one would be useless, if not dis
advantageous, "ithollt the other. It often happens, in these 
correlated characters, that while one confers advantage, the 
other is disadvantageous. It is not altogether wise or reasonable 
to talk about advantage as having determined progress in nature. 
To take the single instance of Coleus elimgatus (p. 151), its two 
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most marked characters of differcnvc from its .. mvs BI'(> its 
peculiar inllote."iC(>n(_"(, and dilfprcnt !'alvx. Ncith!"r ('ould be 
•• useful" ullder any Cl)ll('(",,"abk dr<'nnl.~tulw(,s. nor ("Oultl any 
of the otht'r ehnractcr:-. of dirrt,}'t._'uce hd Wl't'll it and C. barbalu,"l. 
but neither can on(' sa~' that any ure dis:«h'antllw·oWi. Hut to 
get the ont' euiyx from tht' other I1Wfins thnt 011(' sf'pnl mH~t 
narrow, while tlu· others broadeIl. and all (·xp(·ri('n(·t' of I1m'hl
nting variation shows thai all homologoll~ mcmlwrs n\ry in the 
same direetion. "i0 that not hin,!! but 11 mutal ion ('un produce thi~ 
diffcn·nc('. 

Ther{~ ar(' so rnany ehal'H.-ct('TS ill plmlt:-. to which 1\0 amount of 
jngf'Jluity_' ("an ,attach any quulity of mJ\'antaw' or th(· T!'\'C)"SC. 

that though at first the natural s<'l('ctionists said that Wt' did 
not know enough ahout tl)('lU. it soon b('('am<> evident t hltt this 
would not s('r\'e as It g'<'lleru.l t'xplnrw.tiou, nnd it "'a.1,; thcll ."mid 
that they \\'('rc ('orrclated with useful C'hara.ders. Grad lIull v. 
howc\'('r: it has bC(,Jl realised t.hat thl' bulk of morpholo.llie;ll 
charm'ters {'ntlH' nuder this hCHd. and that the IIs<"ies", "ttnlC"ftltal 

chara{·teTs ill plant~ olltnllInlwr th(' useful by an ('uormOIl'" 
Iwrccntage. 

Lao;;11:v ('oml':-' thc qllc..;tjon IItHit'r 1ht' fourth pro\·iso ahove. 
whf'tht'T natural selection {'Iln ad llpOl1 tht· first 1)(',!lilmillg'1i 

of charactcr:-" \\,hilt' 1 hprt· nrc SOUl(' eaSt'S ill which it mi~ht ht, 
imagined to do so, then.' is no uoubt that in thl' vast majority 
of cuse~, wh('re 110 !l'W can he ("'en suggt· .... tcd for tlH' maturl~ 
('hara(·ter. it could Hot takp hold of t.he fin.t rILilim('utary bt·
ginnings. Take, for CXHtnpl<·, at random, th!' poJien putterns in 
.Acanthaceac (genus and sltbtribe (·hara.ct(·rsj. t.h(· udnation in 
Solanaceae (genus), the I:ldv('utit.iow, shoots in Podo!o>ternaCNU' 

(family), the translators of the pollen in Asclepiadaccac (family). 
the various aestivations of the corolla (geUll.'i and family). the 
dehiseent or indchiscent frllit (ditto). thf' monoclinolls or diclillous 
flower (ditto), the ruminate endosperm of Anonacea<' (ditto), 
the phyllodades of ASl'aragu.\· (genus), the valvular opening of 
anthers in Berberidaecae (family), the S(,ptifragal opening of 
capsule (tribal). the "boragoid" infioT(.'SCCnce (family or genus), 
the tubers of potato, the bulbils of Agave. and hundreds more. 
One cannot conceirc of natural selection getting any grip upon 
the early stages of these, and indeed, in grent numbers of these 
and other characters, c .. rly stages are not conceivable. 

Not ouly so, hut many things that were once explained ... 
adaptations to something or another are now proving to be in 

W.A. 
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reality of little or no value to the organism concerned. It will 
suffice to recall to memory the controversies about Drosera and 
its insectivorous habits, the work of Kamerling upon xerophily, 
or the characters of the Podostemaceae and Tristichaceae (124). 
which arc extremely striking and varied. though there are no 
differences in conditions to which to be adapted. Stomata with 
an outer pit entrance undoubtedly diminish transpiration, and 
were once consid('rc>d an adaptation to that end, but one finds 
them on the inner wall of the fruit in the opium poppy. where 
transpiration cannot matter (112). Ant·plants were supposed 
to gain from their association with ants, but one nlay see the 
CecTopia flourishing without ants all over the forests of 'Southern 
Brazil, and the ants bring aphides. which mllst do much harm 
to the plants. };piphytcs were supposed to be a particular 
adaptation. till Schim"er showed that plants became epiphytic 
when they had three properties in common-easily dispersed 
seeds, clasping root~, and capacit~~ to resist drought for long 
periods. And so on; the old adaptation explanation has been 
shown to be of sCf\'ice ill manv fewer eases than had been 
supposed the casco . 

There can be no doubt that the idea of adaptation was pushed 
to ('xtremes, and that adaptations were found in many features 
that have since proved to be almost or quite indifferent. ,,:rent 
(112, p. 260) has treated this subject so fully that there is no 
need to repeat his criticisms. and he has also pointed out that 
when real adaptation exists, it is chiefly in plants that live under 
extreme conditions. and that it is rare in mesophytic types, to 
which probably the bulk of plants belong. It is quite possible 
that it is in this way that one may explain the fact that in the 
Bahamas the local endemics are almost as widely distributed as 
the" wides" (p. 64). 

Another great difficulty for natural selection is that in many 
cases the distinguishing characters do not appear (119) until the 
struggle for existence is long over, for there is no doubt that the 
vast proportion of the mortality is among the young seedlings. 
What possible difference can it make to a plant that does not 
flower till it is thlrty years old, to take a single instance, whether 
its calyx is smooth or ribbed? 

The fact that allied species usually live near together is a 
strong general argument against the idea that advantage has 
anything to do (in any important measure) with the origin of 
most species. Another is that for selection to produce any great 



cn.xx] THE ORIGIN OF SPl;XIES 211 

effect. it should be betw .... n large numbers, whe .... as 11 plant can· 
not on the average haw IllO .... than six like itself around it. 

A consideration of the instances just given, or of still mOte 

,. important" differences, such as that brtwe<'n the t"lubryo in 
Dicotvledons and Mon()cotvl(~ions. soon shows that infinitesimal 
or fluctuating variation, though it occurs in t'very characttof of 
every plant. is inconceivable a~ a tn('allS of dfccting the great 
differences that actually exist in the vegdahlt· kingdom. In· 
finitt"SirnaI variations would at once be lost by cro~sing with 
their surrounding unmodified neighbours. and only if all W('re 

Dlodified in the snnw direction bv the action of sonle ddinite 
CRlIse, c.g. tht· environment. wouid ther<' bc' any likelihood of 
the snn;vnl of the lJeW fonn. And even thCIl, it i."i hlltdlv ('Oil" 

ceivable that slIch changes as those instanced ahove should take 
place in gradual stages. 

The view that c"olution is not directly guided hy th,. Ile<-d 
of response to the actual neces~itics of plants. but is a mOTe 

nIt-chanical process. going OIl in comparative indiffcrcn{"(' to 
them, but with the disadvantagl"OHS variations at oncp thrown 
out by natural selection, has. be(~n gaining in definition for many 
years, espedally since tlu' risC' of the study of g't'ueti('s on Mt'll
dt·lian lines; and tht· H hollow cllrvt··' observations, dt'scril)('{l 
above. seem to show clearly that it has follow{:<i a definite- mort' 
or k"Ss determined cour.,('. 

Xothing hut mut<ltion. und"rslanding by that a chang" of 
measurable amOlmt, herf-ditary, not (,oJlncct{~ by infinju-simal 
stages with tht' more H typical H form of the parent, and usuaJly 
differentiating, seems capable of explaining the bulk of the 
specific, generic, and family characters that at present exist. 

Large mutations, often covering several characters of 11 plant, 
are by no means unknown, and go by the name of sports. Actual 
observation has shown that a great number of these are here· 
ditary, as in the well-known instance of the cockscomb. But 
that such sports can give rise to neW species has been st .... nuously 
denied, because no instance of their undoubted survival in nature 
has been recorded. But, so far as I am aware, no instance of the 
fonnation of even a small variety by natural selection of in
finitesimal or fluctuating variatiOl~' has been recorded, and the 
theory was accepted on 8C('Ount of its a prilWi probability. When 
this difficulty is cast up to the supporters of natural selection, 
they insist that there has not been time enough for the Connation 
of anything since man began to observe such things. But, as 

14.-2 
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we shall endeavour to .... how. the same reply is ralid in the case 
of mutation. To expect to see the formation of a new species. 
i.e. the sUTvj\'al of a mutation, In the short time sjnC'£' man began 
to observe stich nlattcrs, is rather sanguine than rea..<;onable. and 
especially in the north. where the adjustment of plant associ
ations to the ('nyironmcnt is probably very pt'rfect. and "\There 
consequently the cstablishluent of a new form is correspondingly 
difftcult. Lord Itayldgh has estimated the period since the 
Eocene alolle) which coyers but a portion of that occupied in 
the evolution of the higher plants. at 30,000,000 years. But if 
W(' SllppOSt: one mutation in 50 years to sur"ive, we should get 

the whole of the existing 160.000 species of flowering plants in 
8,000.000 years, which is only 26 per cent. of that time. And 
this mutation, ue it remembered. may appear upon any small 
spot anywhere in the world, most of which is not under sufficiently 
dose observation for us to be able to say wJu:,thcr or not any of 
the many species that are confined to ~ \'pry Juinute area~' has 
arisen within Ul(' history of human record. If Tr-ibulu,(j ala
cranensis (p. 152). or on; of the other two Alacran species, has, 
as is possible, arisen in the last 50 years. then there is no need 
for any nlorc' sp('ci('s to arise for 50 (perhaps 150) years to comc, 
to k('cp up nature's average rate of evolution. 

'Yhell one consid('rs how diIncult it is for seed to get a chance 
of' g't'rmiullting, growing, and surviving upon any given spot, 
well covered. as most spots are, with a dense association of plants 
that han: already prm'ed their suitability to the locality and its 
conditions, it is dear that a new form must have the most com
plete suitability tU its birth to the local conditions, to get any 
foothold. Xot only so, but it must suit those conditions as they 
wjlJ be modified by its own appearance and addition to the 
association of plants already there. Clearly, therefore, to talk 
about advantage as having guid£d its evolution is to go some
what beyond the warranty afforded by any of the facts as yet 
at our disposal. 

Man can, and does, easily propagate a noveltyl by clearing 
the ground of rivals, but in nature this will rarely happen. It 
may be that the very common presence of young species upon 
islands and upon mountains is due to the fact that these places, 

1 "We have no reason to suppose that we have violated nature's laws in 
producing a new variety of wheat-we may have only anticipated them;
nor is its ro.nstitution impaired because it ~nnot, unaided. perpetuate its 
race; it is in liS sound and unbroken health and vigour during its life as 
any 'wild variety is" (55 b, p. ix). 
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eing somt'what isolated. have colllparativdy ~mall floras, which 
a"t.~ not. thcrefore. m'en ahl(' as y('t tn form Vt'r\' dahoratt· 
lant ~o('i('tit'S suited to their nlrioll~ {'oTiditlon .... ami 'into whieh.. 
I('refoIT'. a nC\\'(,()lU(,f ma\' ruOf(' {'a:<.ik ('utt-r. In the' same waY, 

1t' fr('queut, ~Uld aPIUlr('l;Uy quite (,ll~wd. apP('arnll('{' of ~·om~.1.(' 
Ild io('ulist'd .!o.pcf"ic", in t }H' .urt·at forc~t,.. may he dw' ... imply to 
w fad that the fall of Ii gTt.'at tr('t' hu ... for th,' time so ('imllgt'd 
le ('()nditi()l1~ as to ,a-i\T the JH'W('OTller a hetter dmlu'(' of e ... tah

... hing ibelf b(,fore titl' old (·ondition:-. afc ('oHlph,tt'ly fl·..,ton'd. 
he further out 01\(' got's, the ~mall('r on the· nXt'rag-e dot·s tll(' 
lImber of ~p{·('i(· ... IWf grll.ll!'. bt't'OIlH'. and prrhap.\' tiH'fcforc t h(' 
laut :->()('idit'!\ may teud to be mort' open, 
\VhetilC'r a Itt'w form UpOIl its aplwnrH.JH'(· will or will nol 

If\"ivl'. will d{'pend chit'fly upon natural :-.!'it'{'tintl, for it wilt 
Oll('e have a struggle {Pt ('Xi-.tf'llC'f' of tlU' Hw",t f('lllorsclt's'i 

indo It will also dqwlId apprcdahly "port mer(' <"llIUl('(' ('1'. 
~id/lmlJc{/rl'us ~md ('hrisli,wlllia on p. 1 ;11) . ..\ tir{' IU' H naod lJUlY 

l'.jJy kill it {lIlt. howl'nor perfectly \llilt-d to it,., (,JJ\·jronmt·nt it 
Lay be-. 
As. our ubj('ct ill tilt' prr·scnt work i ... ~jtnply to ('tit il'is(' sonl(' 

'tlu' directions in which existing thl'orie ... do not seNn pro)l('rly 
) lllt'('t the faet~, and to sllgg(,,,t SlIlH!' dirt·(·tioll'" ill whi('h it is 
meeh-ablc that they may be impro\'('d, tlwrp i" IlO H('ed to go 
lhl art~' disCllS..;iou of possihle eUlI"t's of Illlltatioll. If. u.s is rlOt 
()[lo ... ~ible. they depend imnH-diatdy upon "OIlU' ch('micul change 
lat ha~ somewhere taken pla('(', Ollt' ('all und('r~tund why 
lang<'s should hf' mlltatiOlHlI! for chl'mical change dot's not 
,ually take place hy ('oIltinuOIIS \'uriatioll. 
On account of the insupcrabk diffieulti('.\ in the WHy of i'\-O

tion bl'lnCanS of the n.atu1'8J st:u-ctioJ) of illJinitcsimJlJ vurmtirms. 
::>inion' has for:1 long time bc('.n steadily ('oming rOllnd to favour 
1('" idea of chungt: by mutation. Even the lnost enthusiastic 
Ipporters of infinitesimal variation now generally begin with a 
.casurabl{' change, improving it. afterwards by the old method. 
recent writer of this school, for example, cites a change from 

.ches to feet as an infinitesimal variation. 
The work upon Age and Area olltlined in Part I provides. as 

15 already been indicated, strong argnment~ against infinik~imal 
.riation, and the further work gi,'e" in the last few chapters, 
hich seems to show that when one deaL. with large rLUmhers 
ld the long run evolution of new genera and species, and their 
stribution about the world, is ,'ery much a process which has 
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gone onward in a mechanical way, and whose progress can to 
some extent be predicted from the laws of probability, supple
mented by tb~ principles of Age and Area, Si • .e and Space, etc., 
provides a still stronger argument. If the" hollow curve" type 
of distribution of numbers of families in the world. of numbers 
of gCDcra in families, of numbers of species in genera, of dis· 
tribution of families, genera and species by area, of distribution 
of genera in a given tlora, of the bulk of thc phenomena of evo
lution and geographical distribution, etc .. held only for grand 
totals, it might still be possible to say that natural selection had 
had much to do wit.h th~ guiding of evolution, and that simply 
because ODt' was deaJing with very largt· numbC'ts the final t('sult 
came out more or less in accordance with the laws of probability 
and of compound interest. But when, as has been shown, this 
result is exhibit~d family by family, genus by gcnns, country 
by country, and in animals as well as plants, it seems clear that 
in general evolution and distribution, in some detail, have 
followed U Dlechanical" laws, some of which. perhaps, in the 
shape in which we have described them-as Age and Area. Size 
and Space, etc.-the work described in this book may han done 
something to bring into more clear definition. 

One cannot imagine species or genera arising by gradual change, 
and producing such an arrangement of '" wheels within whed~" 
as that shown in the figure upon p. 156, or snch curves as those 
upon pp. 177 and 187, Witll the monotypes in a fairly definite 
relation to the ditypes, these to the tritypes, and so on, the 
eUn'e practically always turning the corner between 3 and 5. To 
produce such an arrangement by gradual variation, natural 
selection is evidently incompetent, and some definite law to guide 
it, at present inscnltable, is required. In this connection one 
must not forget that very strong evidence against such a sup
position is provided by the fact that one finds very few con
tinuous really intermediate stages, whether living or fossil, be
tween species or between genera; in the enormous majority of 
cases they are discontinuous. One may easily find species that 
have say four characters of one genus and five of another, or 
varieties behaving in the same way between species, but really 
intermediate characters are very rare; and indeed, as we have 
pointed out above, they are frequently impossible. 

We shall see in Chapter )tXII that the hollow curve really 
represents an approximation to the compound interest rule, and 
one cannot imagine it to arise by continuous variation, though 
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one can imagine- a g<>nus arising from anotht'r by "nJCCf~ssive 
mutation of a large num}x'l' of tht' ("hul"ltCh'T'S of tht· latter. 

But if evolution he- thns to all apprt>eiahle. if nnt (n.~ SN'llh 

more probable) a very larg<-. extent predctermifl(~l .. nd w>vernt'd 
in its unfolding lar~ly by defillitt, laws, or hy nwchh.ni(,l\ll"(m~ 
siderations like al-,J't\ then it is dear that it is no lon .. '\~r safe to 
consider that ad\>antag<' tn the slwcics has h"d anythillg to do 
with the actual cmllltion of that ,,~·i{·s. tJlOllgh it. will have 
deh'rmiul>d to a "cry larg{' t'xtc'ut wht"tht'r Of not tbat Spt>t'it·.,. 

shall survive. It may hn"(~ lw("u diref'tlv ('OHL't·rtwd in tht' t'\'(lJu~ 
tion. but, it will h(' saft'r to lea\"(' it out of ('on~iderati()n. and to 
study ('volution in mueh morf' ddaiJ hpt'nrc committing' our
selves. This study must be ('specially from an ('xperimf'ntuJ 
standpoint, pC'rhaps largely ~Icnd('litin. and Wt' must, it St'('nI"i 

to me, ",urk without anv ulh'rior idea of an\, aim to which 
evolution may b(' iJirectcd' «('\'en HlP Y(,T," Jocal ~JI(, of imnu..:Jittte 
advantage to the spcci(~s). \inti! we renHy possPs~ sotJH' flU'ts 
upon whieh w(, may rt:construct a thf'ory of it~ operationl\. Tht· 
work described in this book j" largely i('OntlCIMtic. llnd I do not 
proposf', in. the present Yolumc, to try to 'iuhstitutc any tu"w 
theorv of evolution for that whi"h has for so long hdd th,' Ildd, 
but ~crely to suggest a point of d{'tail in which til<' latt~r theory 
may in my opinion he aJtc'red with aef\'ant-ag<" hy th(' tlCccptanC<' 
of the theory of mutation, whiM in a later work I .,hall attempt 
to bring forward som(' of the conclllsion<.; about t\'olutioll to 
which the latest extension of the work upon Ag<- and Art'a 
has led> 

If we remove advantaw' from the Ii,! of' factors that may be 
operati,,·e in cvolution--and it is clear that at 10mt it can only 
he a small one-t.bcn it is ",>ident that tIl(' mutatirms that dis
tinguish species from one another cannot proceed in easy .\tag{·s. 
unless there be, as is of course by no meal}'} irnpo.o;;sib](', somc' at 
present inscrutable law guiding them. The whole change. it 
would seem, must take place at once. And this hrillgs us to the 
question of how large a mutation may he, 

Size of Mutations. Many people think that a mutation mILS! 

be very small, like the differences in the" Jordanian" species of 
Erophila verna which are so numerous in Europe, or in the 
British Rubi or Hieraci4. )Iy own opinion, which I havc held 
for the last eighteen years, and have published on vlIJ'ious 
occasions (especially in 123, p. 829), is that this is simply placing 
an unnecessary handicap, for which there is no positive evidence, 
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upon th~ theory of mutation. We haye no evidence to show that 
a Jordanian species will proceed further towards a Linnean 
,.,.pedes. On(' cannot imagine the 11 Doonas, or thi" 15 spcdes of 
StnnonIJP()ru.~· in CC'ylon (po 152) arisin~ in thit-i way. The 
Jordanian varieties ... how the same ph('llOnl('na of dispersal as 
do the Linnean "ppcles of Ceylon and {·lst-where. and often 
O('cupy as large area:.., 'whilp thC'y still f('main true-breeding, and 
show 110 SigH of ,'ariatiou. AI.; H generaJ Tille, it is not hard to 
place a Jordanian species in its proper ,. Li1l1w}tll" ug-gr('_g'utc. 

In dt'w of th(, large mutation~ that have b("C11 reeorded. l~.g. 

CapNelia lIageri (104) and others (cf. list in 39. p. :l(8). and 
upon general gr()lInd~ of compari:-;oll of the characters llsC"d in 
sysh'matic \,,'ork upon the dassificatiOlt of the' /lowering- plants. 
jt ,"t'('ms to Jll(' t1mt JJllltations may at times he of tl){' llCCb':>ary 

size to gh'(' rise at oIle(' to Liml(:an ~p{'eie:;, One ('annot (,OI~. 
cciv(' of the mun:: ~pf'('ie ... of llanunculus in ::\'ew Zealand. for 
C'xampl{,. arising h~; the gradual s<'paratioll ofJordallian yarictie~, 
('~p('cian~T when tlle<.,c br{'('d true. \Yt' have no eddeIlce to 
show that the intermediate forms. as would bi' l1('c{'so;arv on this 
hypothcsik. die out. The struggle for existence come'~ at the 
mOnl('llt of birth of a species, and if it slll'\"iY(,~ it may sprencl. 

The dew that mutations are n('ce"isarily small rests upon the 
opinion. often PHt forward a~ if it werc it gencral rule (e.g. 67), 
that 8 Linnean ""fK'cies ('()llr.;;sts of a great assemblage of micro· 
sp('cies, which breed true, a~ h8<; been shown to b~ thc case in 
Erophil-a t1erna, for example. But this opinion requircs a com
plete f(·yision in yi('w of the facts that hayc been set forth above 
in regard to Age and Area. A species can only consist of such 
an ass('mblage, obviously. if it con,yist (!f many indt'r:iduals. and 
OCi"UP!1 a [aTgf area of ground. Now in the north temperate zone, 
wh('re most of our botanical research is carried on, this is in fact 
true of nearly all spC'cies; and only a fe,,, are localised. for in~ 
stance in the Alps or th(' Rockies, or to a less extent in the 
plains, particularly of North America and West Asia. These 
localised species ha "e heen looked upon as relics or special local 
adaptations. and often disregardt>d from an evolutionary point 
of view. But the work that has been done upon Age and Area 
shows that slU'n speci('s, except to some extent ,yithin the range 
of the effects of the glacial periods. must be regarded as young 
beginners. Now in their case. where often the whole species is 
only "'pN>sented by a few individuals, it is clear that unless every 
plant or two is different in hereditary characters, the species 
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cannot be compost"<{ of many true-bre<.'ding mi('ro~specit's. but 
that the fonllation of th('s(' must bf' lat('r in til<' fift· of a Spt'cic.'s 
than th(' fonnatiol1 of thr- spt'eies itself. and thut it is a(tt>r it is 
form('d that ~i sp('Cie.'i hTeaks up into rni('rn-sp('(·i(·~. w;t that It 

specips is formed hy the l:Iccumlllation of lIIl{'l'O-dirfcrClH'(\';;. This 
agrces with what Bateson hns !<-aicl ill hi ... Prp.<;;ilit'lItiaJ ,'\c1dr("~'" 
(6): and simply cxpr('s,'S{'~ what has long be('n an axiom WiUl 
workers in ordinary sysh·mati(· hotany. that it j" ill lnrge awl 
widcl~' distrilmted sp<'<"il':o. that mlldl nlfiatioTl i" fOliud. \Vork
ing in regions wheft' mo-;t spt·(oil's adllnH~' (H:'(,IlP~' fairly lllrg(' 
aT('a:->, p('oph· h:1\'(' a('quin'd nil I'xaggeruh·d opinion of tlu' 
"ariability of LinncHli ~pl'ei('~. nlld nnl('",~ it ('Ull he shoWIl, b~' 

_g-l'neti(' or other inv('stig'ntiolt~. tlw.t /(}(,ll/ LilIHt'Hn ~I)('ei('!>j. whidl 
exi .. t ill ellormous llwnlwf'S. e~p{'('jull." ill tIl<' 'iouth. are ('<{uaB,\' 
rariabJ('. Wl' nlw.t prefer to go ~lpOH the po"itiH' fad ....... hmrn 
by _\~f' and .\rca. ('oJlfirnw(j 11 ... the.\" nTe b,\' the ordiJ1ar.,,-, ('xperi
enct' of {'Y('f\' ... v:-.h·mati"il. 

It IHl ... 100;g 1;{'(,11 tIl(' fa ... hi(Hl to :-'IH'{'f at the "I1Wfe .... '· .. tema
tist." and to r('gard him simpl~' a!"-o a u">('ful hod-c·urrier' for til(' 
rf'al work of BotHny. and thi~ {'sp{'eiall~' sln('(' th(, ili(·oming of 
modern theorit,\ of t'YollitioH. of whi<'h, h!' a killd of iTlstiH(·t. Itt' 
ha:-. rarely b('{'Il n ~upport(.'r in any (·ntllll ... iu .. t\l' WilY' ill ib;(·lf 
an Of((,11('(' to those who think that hy lhi~ or tllat Uu'urv Iminn\' 
will at Jast ('onw to an end of it~ dj"{ficult and slow l_l(_.ginnin~. 
Xo t..,TJ'cat systcllwtist het!.; t Hken np. for example, the mod('rll ('Hit 
that the only Srec1l'S that m'(' spcc·if·s. llJu] that. afe worth con
sideration. are the minute ,'arieties of Jorcian ami other writers. 

It will be worth while, in this ('onu(>{'tion, to quott' som(' of the 
axioms of the great sysh~matists, us they arc in danger of bdn~ 
forgotten in the enthll"iia.,m for the study of micro~speci(·s. For 
example. Darwin US('S us ht'adlines in the Origin of Species the 
following, which haTe ne\'cr hcen disp1lted. .. \Vid('·rangin.g. 
much diffused, and common specie!>. vary most." U Species of 
the larger genera in each country vary more frequently than the 
species of the smaller genera." "Many of the species included 
within the larg<" genera resemhle varieties in being "cry closdy, 
but unequally, related to each other, and in having tt"stricted 
rangt's." 

:From Hooker (55 a and b) I take (order in his scnsp i, now 
calk-d family)" The varying species arc r('lative]y most l11lTnCfOUli 

in those cla.o:;scs, orders. and genera, which arc the simplest itl 
structure." "As with species, so with genera and orders ... upon 
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the whole those are the best limited which consist of plants of 
complex Horal structure." .. Those classes and orders which are 
the least complex in organisation are the mo.,t widely distributed, 
that is to say they contain a larger proportion of widely diffused 
species .... This tendency of the least complex species to be most 
widely diffused is most marked in Acotyledons (Cryptogams). 
and least so in Dicotyledons." _, The mo~'i widely distributed 
and commonest species are the least modifl(·d.'.' 

It is c1car, after reading these axioms, that another explana
tion of the greater CQmmonness of ne-w (endemic) species upon 
islands, sout hern land masses. and mountains is thus opened. 
and one which may prove to be of great importance. A!,,,, and 
Area shows that these ,,;dely distributed forms. which are the 
most variable, arc t.he oldest. and probably the parents of the 
fomls of l"sscr distribution. But at the edge of the dispersal of 
any genus or other group, one will get, most. markedly, the 
oldest types; tll<'se being the most variable, will be the most 
likely to give rise to new forms. and this, with the probable 
comparative openness of the associations, may b(~ the simplest 
explanation of the frequency of endemics in the regions we have 
indicated. A cursory examination of a number of genera shows 
that this is very probably a. general rule. but it would lead too 
far to go into it in more detail at present; this mmt be left for 
later work. 

There is as yet practica.lly no evidence that several mutations 
are required to fonu a Linnean species. 'Ve have no reason to 
say that a neW and strictly local species is appreciably better 
adapted, in the great majority of cases, than the older one, 
nnless for the conditions in which it first finds itself upon its 
evolution. If species A give rise to species B at a certain point 

AAAAAAAAA.4AAAAAAAAAAA.4A 
B 

x 

then, unless B is suited to the conditions that obtain at that 
point in the year in which it was evolved, it is going to die out 
again. For the immediate conditions at B, then, it may be 
better adapted than A (as for example, perhaps, the endemics 
of the Bahamas, p. 64), hut when both species arrive at X, there 
is no reason why B should be better adapted than A to the con
ditions there. It will be mainly a matter of chance. 

This being so, there seems no reason why intermediate muta
tions, if they were formed, should die out, especially as the 
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original species, which we IDllst look upon as the pl'Olmbl~ parent 
(e.g. DiUenia indica, p, 159), often slIrvives ill the ",",..localitv, 
A rew cases like Acroir,,,,,, di""t'Ctum ('frimen', Flora (!fCrylon,'" 
p. 9), where intermediate forms (po."yjh/,'I hyhrid.,) <'<'Cllr, ha\'" 
been noticed. hut mon' usually the 1()('lli ~p('('ic'S is fairly wt .. ll 
distinguishen from the widf~rall~ring f()rm .. AmI in some insbtu('{'s 
transitions are impossible. as, for ('xnmpJe. with l.'()lrtM rlmlgalu..\' 
(detaik>d charact(·rs given on p. 152). I may "lIok here what 
has already been said about it in Il paper of Hl07 (118): 

"The species is too entirely different from t/", oth"r spc'('ks 
of Coleus, whether we take C. barl)aJ.'4,\' or OBt' of thr otJwrs. for 
evolution by means of continuous yariati()l1~ to hu\'(" h('en 
PQssible. To takc some of the characters. e'I,,'Ci,,1Iy those thut 
are most prominent. how is the ol1e typt~ of mfiores(!enCt" going 
to develop into the other by any pos,'iibJe continuous yariatjon? 
The mind cannot conceive of such it proc(>ss, unh,ss it be h;r' dis~ 
continuous variation. Still more, how is a calyx with om,· big 
tooth on top and four small ones below goini( to d"velop into 
one with five equal teeth? The study of infinite,imul variation 
shows that the maximum change to be expect.ed in on(' g('I1('ration 
would be a mere fraction of the width of a tooth, and how is this 
to prove of sufficient advantage or disadv8ntllRc t.o be of auy 
material import in the struggle for existence? Th,' question IS 

equally hard if we suppose a common ancestor. for what kind of 
calyx or inflorescence will be intermediate?" 
And cf. above, p. 209, as to changes in calyx t<~·th. 

In this case the species that one must regard as ancestral, 
C. barbatus, is also found in the same locality; it is as frequent 
on the summit of Ritigala as C. ,io"galus, and grows in similar 
spots on the exposed rocks. Both suit the '"me conditions, and 
if they have descended from a common ancestor, not one from 
the other, it is very remarkable that one should he confilled to 
Ritigala, one common to tropical Asia and Africa. 

Nearly seventy years ago, Lyell (69, p. 89~) said "Might not 
the births of new species, like the deAths of old ones, be sudden? .. 
and it appears to me, that when olle puts together the fact. of 
distribution as understood in the light of Age and .\1'<,a, and the 
still more surprising fact of the agreement of the type of dis
persal of species, both by area and into genera, and of ~'Cner" hy 
area and into families, etc., as more fully deseribed above, one 
can hardly arrive at any other coneiusion. Advantage as It came 
in evolution seems to be ruled out with practical completeness, 
though it will determine whether the newly evolve.d form will 
survive or not; and if advantage ce.nnot be adduced, then one 
can hardly conceive of the changes that distinguish one species 
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from another hllvjn~ taken placi' gradually. whether by in~ 
finitesimal stages, or hy small mutations. unless there be some 
at present im"rutabl(' law that determinc's that such shall Ix· 
the caSt', It will be' much safer for the present~ at any rate. to 
]('8v(~ out of uecount su('h a suppo"ition. and to work upon the 
idea that thf' whole distinction of a s})('cic's may appear at OIlCt'. 

1\'ow the new and di~ti!lct fOITn ... that han' com(' into existence 
rnnw' from the mllwtt· nLri(·tie .. of the Draua.\' and Jlierarium.~· 
of northpMl Europe to diffcrene('s of well-marked Linncan
spt'cifie rank. and OIl(' must therefore sllppose that mutation.;; 
giving rise to slieh forms may b(· of similar ,Tariation in size, 

It must not hl' sllppo~('d that thi~ is being' laid down as all 

absolut{' ruk. (mt it would seem probable that it i\ a \'C'ry 
general (1)(', IndividHal fomls may owe tht·ir origin to many 
CRU.."C~. hut in most CHSes it w(Hlld seem to hare been due (im
mt'llinte]y) to a mlltntion ~maJJ or large. whicb differf'ntjHtr-d the 
ne'" form from it:-. predecessor. hut thcre seems no reason to 
suppose that the lV'''' form is 1U'('('.\'sarily uC'tter adapted than its 
preliC'ccssor, and will kill it ont in comp('titioll, The widely dis
tributed, and presumably parental. Ranullculi of ~cw Zt'aland 
arf' jusi a:-. (,Olnmon in the south of SOllth I .... land, where there i:-. 
such a mass of endcmie..., (fig. on p. 15(j). 

Natnral selertion comes jn. not as a C3IhUtj\'C and positive 
agent, but as a destruetivc and u<'gath"(' Olle. The Il{'W form will 
instantly have' a nlost strenllous struggle for existence. so that, 
if not perfectly suited to the conditions that obtain upon the 
spot where it is born, and at th(, moment of its birth. it will bf> 
remorselessly killed out. If it passes successfully through this 
(.'()mpetition, it mar be 1'{'garded as eminently suited to that spot 
and those conditions, and may then spread as long as it can find 
suitable conditions into which to tra,·e!. Not infrequently it ,,~ll 
meet with conditions that suit it e"<:l1 1110re perfectly than those 
to which it was born. and we shall be liable to imagine it specially 
adapted to them, when really it is only they that are suited to 
it. Actual experience of the great changes in climatic conditions 
that go on from year to year shows that most species are really 
suited to a somewhat wide range of conditions. This being so, 
there is little reason why the child should suppress the parent in 
competition. The latter will han proyed its suitability to the 
conditions, and '''ill probably ha,~e a much wider range. and the 
chance of a direct and severe struggle between thc two is but 
small. Even if the child should suppress- the parent in portions 
of its range, it will not be likely to overtake it o,'er the whole, 
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and the par<'nt will probabJy slIn"in" in tlH' outer portion,," of its 
rangt· nt any rah .. 

It i}o. clear. if the .\.g't, and Area l'XpitLIlHtioll of til(' fuets 
of distribution be acceptl'<I·--and as yet no otiwr sll-tisfll('tory 
hypothesis is forth('oming--that the ~'IHlemi{~ must in J..reJH'r~1 
b(> younger than thC" •. wides," and it S('Crn" Hilt lIrnl to SIlPP{_}";(_' 
that they huvC' been derived from till' lattt·r. Bllt if thi ... be so, 
then both par('nt awl (·hild o{'('l1r tu.(:dhef. ot' Ileut tOg'eUu·r. in 
lnost cases, and if OIW pu')h this {'ollsid('ratioH to its logieul ('011· 
elusion, one will sec "that thf'n' j" no rt'a ..... ol1 why tht' whole trt'(~ 
of the {'vointion of a genlls (or ('Yell family) sholiid not l-Illrvi\'(' 
upon the earth at the pr('''wnt moment. n~ 1 hu\'(' ('ont('lldc'd ft)r 
the lust fifteen ycal'; (120). Destruction s"ch as that wrought 
by tIlt· glaciaJ period,., (.r othf'r gt'o)ogi{'ul {'()fl\'ulsioIH" might of 
cmm~(' kiJJ out gcnt~Ta or fnrnili(·s. hut !>,o loHg us ('ollditinn.,; 
remain reasonablY {·on.-.tant. theft' St'('m,,> no reuson whr th'·r. 
or intemwdiutes. '!'.ho1l1d be killt·d out. ' . 

If. as ~H.'{'m~ prohable. destructiou in the st rugglt· for ('Xist(,lwe 
is to fall largely Ollt of (_'c)1}sid<'ration a~ pot('ut ill th(' ('voiution 
that has gOllt' on (execpt thHt it Illust han' de,;troyeu h'ns of 
thousands of ineipi('nt sp(·rics. many of whi(·h might htt\,{, hf'('n 
of great \'all1(' had man hl,t'u ttH'r(' to prescrn' and inv('~t1j.!'nt(· 
them), wc' cannot regard ,Jordanian ')p('('il'~ Ii .. ') stug't:s in til<' ('\'o~ 
lutlon of Linnt'un. for to gd th{, [ocaIi')('d Liruwan froOl.Jordtlllia.ll 
specie!-., wholesale dl.',;trnct.ion must han.' .£:011<' on, killillg out 
altogether many of'the latter. 

\Vhilst the ('xclusion of alhantage to tilt> speci(·s a.."! a s('riow~ 
factor in its evolution (though or gn'at inlport.anee in dder· 
milling -whether or not it ~-}U"il} j"ul'l'il'c) rmw .. tlca}}y {·om{x·J.'J· Wi 

to accept the UU'orr uf mutation, and thnt such ur.. may ~rivc ri.<;c 
at once to Linnean species. it also seems to me, whr-n taken in 
conjunction with other phenomena which are now clearly visible. 
to involve other changes in our views. Chiefly important among 
these is the new view of evolution, first proposed by Guppy in 
1906, and by the writer in the following year, that evolution did 
not proceed from individual to variety, from variety to species, 
from species to genus. and from genus to family, but inversely, 
the great families and genera appearing at a very early p"riod, 
and subsequently breaking up into other genera and speeic,. The 
final results of the study of Age and Area, with its demonstration 
of the universality of the hollow curve, seem to me at present 
almost to involve the acceptance of this view, and the subject 
will be fully developed in a subsequent book. 



CHAPTER XXI 

AGE A..'W AREA AND THE MUTATION THEORY 
By Hroo DE VRIES, F.M.R.S. 

T HE main principle of the mutation theory is that species and 
varieties have originated by mutation, but arc, at present, not 
known to have originated in any other way: Originally this con
ception has been derived from the hypothesis of unit-characters 
as deduced from Darwin's Pallgenesis, which led to the expecta
tion of two different kinds of variability, Due slow and one 
sudden. 

Freed from the assumption of a transportation of gemmules 
through the organism. the conception of Pangenesis is the clear 
basis of the present manifold theories of heredity. An organic 
being is a microcosrn. says Darwin, a little universe, formed of 
B host of self-propagating organisms, inconcehTah1y minute, and 
numerous as the stars of heaven. In honour of Darn-in, I have 
proposed to call these minute organisms pangenes, and this name 
has now been generally accepted under the shortened form of 
genes. They are assumed to be the material bearers of the unit
characters of species and varieties. 

This principle leads almost directly to the distinction of two 
different kinds of variation. For the first, no material change of 
the genes is required; they remain what they are. No two leaves 
on. a tree arc exactly alike; no two individuals of a species are 
the Same in every detail. These two well-known propositions are 
the essence of what we now call fluctuating variability. In their 
visible features characters usually oscillate around a mean value, 
but this does not affect their material bearers. The researches of 
Quetelet and Galton have shom that such oscillations follow 
the law of chance. Starting from this idea, fluctuating variability 
of animals and plants -has now become a main branch of bio
logical study. 

Besides these, changes may be expected, which involve the 
material bearers of heredity, or the genes, themaelves. Some 
may be lost, either really or apparently, and new ones may be 
added to the stock, this latter process consisting probably in the 
transformation of old genes into new types. In consequence of 
such changes the external features of an organism may become 
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altered, and these alterations are now generally called mut~tion •. 
The theory assmnes that th''''e only are connected with tho origin 
of species and varieties. 

Darwin rccognisea both mutation and tluctuatiol1 as sh'I" ill 
the general process of ('yolution. }"or this a.."isertion he mainly 
relied on his studies of the variation of animals ami plants undc.·r 
domestication, since organisms in the wild condition did not. at 
his tinIe, afford a suffici('ut ba.'iis for controlling his ('oJltwptiotl. 
He assumed mutations to be of subordinate sig-nificanee. ('xplain
ing the n18iu lines of the ('volutionary prt>c(·ss on thr assumption 
of indh·jdual or gradual variation. This \'ariatioll ht' had shown 
to occur everywhere. hut as to its capability of a('hi~,·ing lasting 
changes, he had no facts at hand to give a definite proof. 

In my book on the Mutation Theory I have given an olaborah' 
41 Rcyiew of the Facts," especially ou the botanical sitko in urdl~r 
to show that fluctuating variability docs not l"ad tn durl1hl,' 
()hanges in the hereditary composition of a type, \Vher('\"('r such 
changc.s occur they may be shown to be historically, or at least 
probably, due to saltations. These critical eonsidcrations led to 
the proof that the conc'eption of mutations was in full hannony 
with our knowledge of the variability of plants. as it occurs 
everywhere in nature as well as in horticultural and aKrieultural 
breeding. 

The mutation theory is intended to be a support and a corol
lary of the selection theory of Darwin. Tl.erc can be lto doubt 
that Darwin corrcetly set forth the essential steps in the evo· 
lutionary process and that changes in his views mostly relate 
to those minor points. for which, at his time, thc matcrial of 
faets was not adequate to a correct decision. The mutation tlocory 
claims to remove many of the difficulties, inherent to the Dar
winian doctrine, as e.g. the general occurrence of useless charac· 
ters and the impossibility of explaining the first beginning of a 
selection on the ground of its usefulness. 

In order to become generally accepted this theory has to be 
considered from two main points of view. The contention that 
species and varieties originate by mutation is essentially experi. 
mental in its natUl'e. But the thesis that they cannot be shown 
to have ever originated in another way has to be studied in the 
field of systematic botany and zoology, and partly ill that of 
palaeontology. Mutations were well known to Darwin to occur 
from time to time, and of late nmnerous observations of special 
cases in animals and plants have been published. A list of them 
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has b~cn prepared by Gates in his new book on ~lutaiions and 
Evolution. 

In the fruit-fly Drosophila over two hundred instances haye 
been studied by Morgan and his co-workers. and the evening 
primroses, or Oenothera.'i, have afforded some dozens, many of 
which differ more widely from their parent form than recog
nised wild species of this polymorphic genus do among them
selves. On the other hand, no observations hayc been adduced 
of new forms originating experimentally from fluctuating vari
ations. 

The experimental work has not, howe,Tcr, chosen for its scope 
the proof of the reality of mutations, but has preferred other 
Jines of research. In tIll' studies of Morgan the distribution of 
the gf'nes along the chromosomes, as predicted from the prin
ciple of Pangcnesis, has bcen the main aim. With Oerwthera the 
prominent question was the search for a method of studying 
the internal and external causes, ,vhich induct, mutations to 
occur repeutedly. A thorough knowledge of these cans('s must, 
in tht:' ('nd, enablt' IlS to produce artificially distinct changes, 
ddcmtiuf'd b(,forehand. In other words, it must afford the meaIlS 
of cvoh'illg arbitrarily new uscfu.I varieties of chosen qualities, 
in agricultural and in horticultural plants. 

In systematic studies it is now generally recognised that the 
characters used in the diagnostic distinction of related species 
are not such as would be expected on the ground of Darwin's 
selection theory. As a rule they relate to qualities, which cannot 
be explained on the assumption of an origin by the accumulation 
of infinitesim.al steps On the basis of thpir usefulness for the 
sprcies. They are not obsen'ed to increase the chance of success 
in the struggle for life. Most forms would thriYc as well without 
their aid. This is especially the case with morphological charac
ters, whereas adaptation to such environmental conditions as 
moisture or dryness, shadow or open field, physical and chemical 
constitution of the soil, etc., might far more easily be imagined 
to evolye slowly. But even here direct proofs are wanting. 

It is a curious fact that most of the striking instances of 
beautiful adaptation to special forms of life are characters of 
genera and subgenera, or even of whole families, but not of 
single species. Climbing plants and tendrils, insectivorous plants, 
desert types of CactWl, Euphorbia, and so many others, sub
merged water plants, and numerous other instances could be 
adduced. Since we do not know when and where and under 
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which external conditions those typ<-s haw ()ri~.jn"tt'(1. tlll·sp<'C". 
lations conc(.>rning tht"ir ('\"oJution un the ground of their ust'S 

must be considered to b~ more of a pot"tirul UUtll of a really 
scientific nattIre. \\~hcrcv('r striking udaptation .. " to th(' ('nviron· 
nlent arc mt't with. W(' will always hllve to grant that thl'Y did 
not originate under th(' Nmdition~ of the loculity, where we 
ObSC1TP them, but rlsewherf' and in Jong forgotten tjf)H~!\. the 
environmental conditions of which nT(~ u('Cessarily unknown to us. 

Hitherto syst("matie enquiry was ohviously ·halldicllppc..d by 
the weight of such objl·ctiolls. and they Wl're simply left Ollt of 
('onsideration. ~o principlf' wa..<.; known. whi('h would {·nubIt· us 
to dccide the quC'stion, wlwtht.'T lIdvantaJ,.,n:·()USIWSS to their 
bearers had play(-d any Tale in the evolution of n(~W dU\ra-(~tcrs. 
Later on, after many wandf.·rill).,'tS of a sJ)("('it"S into d,fleTt'nt lH'W 

f'nvit"Qnments, a ('har:wter might prov(' to b(' useful in some of 
tll.(' nt'W l()caJiti(~s. and here indu('t' u. rapid tllultiplieation. 
Strikjn~ ad}lptatiolls, su('h as tJw ... e of d'sert. pJn.llts, may he 
the ('onscqul'IlCf'. BHt whether th(' charll("tf"ts han' (~vt)lvcd 
und('r analogous or under quite- diff('r{'nt conditions, w(' do not 
know. 

It is at thi .. point that the theory of Agt' and Ar{'u has ('ome 
into fht, dj,'i('U.'ision. It showed that the' cij,lfl)('rsaJ of ,lfppcje~. 
('specially in the fi."t period "fl,'r th,·ir birth, is indepelul<-nt of 
their distinetive morphological characters. This phcnOJm'non 
may he studied on a Hurdv stahstit'al hasis without the aid of 
per~onal apprcciation~ of biologi(~alllualiti(.s. 

In the first place, the discovery that lmdcmic spcci("s are, as 
a rille, the youngest in their country. hu.,·.; provided us with a 
means of judging the value of their characters in the struggle 
for lifc~ But eyen here sllch a relation is not ohserved. The en
demic forms of Coleu.8 of CeYlon, and numerous other instan,ccs, 
show their marks to be mi~ute and of subordinate importance, 
although they are recognised by the bl'St systematists as having 
full specific value, MIluy endemic sp<"Cirs are still living in the 
srunc locality and obviously under at least almost the same con· 
ditions as those under which they have origintlted. But no 
relation of their new mark. to any us~ in the struggle for exist
ence call be pointed out. They have inherited their adapttltion to 
the environment from their ancestors, but arc rarely known to 
btlve increased it. Only in some cases they have succeeded in 
spreading rapidly and widely, and then, of collrse, an improve
ment in adaptation may be granted. But even here there is 

w .... 15 
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nothini:r to show that the e"olution of the character WQS due to 
this cause. 

The conclusion obviously is, that specific characters have 
evolved without any relation to their possible significance in 
the struggle for life. The facts are contrary to the main principle 
of the selection theory of Darwin. Moreover. intermediate steps 
between the endemic specie, and their parents, in the midst of 
which they arc ordinarily still living. are wanting, and therefore 
mu~t be assumed never to have exi!'tted. Endemic species must 
have appeared at once, by means of one or a few distinct steps. 
which embrace their whole differentiation from the parent type. 
Considered in this way, it b evident that their origin is in full 
accord with the principles of the Illutation theory, and has to 
be considered as one of the best proofs of its applicability to 
evolution in general. 

Starting from the endemic species, Will" has worked out his 
statistical methods Jt studying the relation of age to dispersal 
for larg<?T and larger groups. Everywhere this relation is shown 
to be, in the Inain, indep<'ndcllt of the specific characters. It 
obeys the same laws in widely different genera and families. 
Dispersal is not duc to special adaptation, and often, as in the 
Podostemonaceae, the most beautifully adapted forms are the 
local ones. wherea~ the universally spread species of the same 
group show the smallest degree of specialisation. 

In other words. thc area oecupied in a country by any given 
species depends upon the age of that species in that country, 
and not upon special characters. Of course this law applies to 
the common type of species, and exceptions may be expected to 
occur. For this reason the species are not studied singly, but in 
small groups of twenty or so, and on this basis the Jaw has been 
fonnd to be everywhere the same in the animal and in the vege
table kingdom. 

Leaving the appreciation of the importance of this principle 
for pure systematic studies and for the construction of family 
pedigrees to other judges, I might here point out its bearing on 
the mutation theory. It affords a full proof that everywhere in 
nature, in geological periods as well as at present, the morpho
logical characters of newly originated types have no special 
significance in the struggle for life. They are not known to aid 
them in their initial dispersal. They may afterwards prove to be 
useful or useless, but this has no inIIuence upon their evolution. 
Obvious instances of usefulness occur, as a rule, only at much 
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later periods during the wandering of the new forms. when un
expeetc'<ily they arrive in environments specially titte,! for them. 

The usual phrase. that species are adapted to their cfi\'iron
ment, should therefore be read inversdy. stating that mnst 
species are now found to lin' under eonditions tit for tht'lll. Tht:' 
adaptation is not on the side uf the sp{~ci('s. but on that .of the 
environment. In a popular way we could say that in thf:" long 
run species choose their best environment. Fit\"ourablc local 
conditions induce a rapid nlultipli(·ation. , .. ~h(·r<·a" eis('whf'r(' the 
fonus remain tare, or are seen to disappear slowly. 

The general belief in adaptation as one of thl' chief calise, of 
the evolution of specific characters is thus directly ('ontru<iii'ted 
by the statistical studies of Willi<. which ure independent of all 
personal appreciatio!) or estimation of a supposed "aim'. This 
result mU'it be considered as the OJl(' ~'1't'at proof, which tilt' 
mutation theory still wanted for its ttcccptane(.· in th(' field of 
systematic zoology and botany, 

l~ 



CHAPTER XXII 

GEOGRAPHICAL DISTRIBUTIOK: GEKERAL 

OLTn general outlook upon biological problems has been, and to 
a great extent still is, principally governed by the theory of 
natural sel(~ctjon-th(' mechanism bv whose invention, and bv 
virtue of whose a priori reasollabl~ness. Dar"fin was able t~ 
render the immortal service of establishing the theory of ('YO· 

lution, Few peoplc nowadays would be found to gi,'e a complete 
assent to the doctrine of natural selection, but thOllgh the pre
mises are therefore \veakcncd or destroyed, the ('onclusions 
drawn from them arc still accepted ,,,,-jth little or 110 question. 
Somewhat to my surprise I have found manr who no long-er 
ac{'ept natural selectioll as operative in evolution lit a positive 
(rather than negative) manner, but who are prepared to fight to 
the death for conclusions that are essentially based upon it. such 
as that species of small area ar(' usually relics. 

''''hen one {,OIl){>S to look at the history of the subjeet of geo
graphical distribution, one soon realises that since the impulse 
which was first given to it by the acceptance of the theory of 
natural selection has spent its forcc. little work of any inlport
anc«l dealing with the broad general distribution of plants about 
the world (a. distinguished from their local distribution into 
societies and associations occupying various type~ of habitat) 
has been carried on. The li:miting factor in progress at the present 
time is the lack of a proper theoretical background from which 
fruitful hypotheses may be derived, The facts of distribution 
remain an insoluble problem so long as one endeavours to explain 
them by the theory of natural selection, and the more that the 
attempt is made, the greater is found to be the incompatibility 
between theory and practice, The serious study of geographical 
distribution has consequently been more and more neglected, 
whilst at the same time it has been admitted in a vague theoretical 
way that no theory of evolution can stand which will not explain 
the facts of dispersal, 

Chief among the deductions---<!Onsciously or unconsciously 

1 The last important work was proba.bly that of Guppy (44, 46, 47). and 
it is to be noted that this work has led him to conclusions (expressed in his 
TheQry of Differentiation) diametrically opposed to the theory of Darwin. 
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madC'--from the theory of natural S(·(c..,<·tiol1. whiC'h at'(' ·to"«fn~~ 
strt'nuolls)y supported. and the ht'lil'f ill whi!'h St·t'm~ to JU(' tlw 
chief prC:.'\"l'ntiv(' to furthf"r PI'()g'tt''>''; in tilt' study of di .. trihtltion. 
aTe perhaps th{' foIJowill.!!: . 

(1) That dbtrihutioll of sp('('i('" ah(Hlt tht· world has in g't'nt'fal 

heen rapid. 
(2\ That the prcs(,llt dbtrihoiiotl of ~p~'('i(", and gellt'I'U ah01l1 

the world fl'prcspnb. the maximum po'~ihl~' to thm,t· ~1H'('i(''''' Il.tHl 
geuC"l'a. :.tnd that distrihutioll is (,OIl~('qtleTltl: .. a dtl~t·d {'hupter. 

(3) That ~I){'eil's and g('UC'Tn now ('xi!ootinz OC(·I1PY. lh H I'Hle, 
jllst tho\(' plact" ttl whi('h Ul(':r arc snih-d. 

(4) That ~p('('ies and geut.'ra O('(,IIP~'illg "mall area ... af(' a .. i, 
general rule spc·r-h· ... , unci gellcra that urc' (l~'jlll.! Ollt (f(·ft('~). 

XHhlraI sc1(,(·tioH (,()111d not pr()(itlC'(, them upon Hl"('U.-. 'iO \1Il111l 
a ... are o('(,lIpied hy Ii .great many. 1t also demand" that there 
\hal1 flf' n good mnny Hwrihllltd forIn,,; and tiwl'don' t h('s(' 
lo('alist'd form ... nre a ... sl1lllcd to 1)(' dyill,!.! out. 

(5) That 011 th(' whole. ill the same wa~', small ,!X(,Ilt'rll (with 
few ~p('{'ie ... ) an· to {Ro rcgarded as rf'iies, lind U~ in prm·p ..... of 
d~'ing out. 

;\~ rC1!ard ... th(' flr~t two of th(' ... r. \\T han' 'W('ll in Chapter!>. II 
to v that ther(' i ... no l'ea"'on to SUPP()~{' Hutf a ... a ~('I1t'l'al rille 
disp{'r~HI in nature is anything hut ('xtraordinnrily ~low. the 
ground being usually fully ()('('npi('d b~' ",o('jrtit,'i or as~o('intiofls 
of plants. into whi('h cHtr:' will Llt, ditficuft or ('\'('u imp<y·""ihlC', 
This is l'onflnfl('d hv ordinary oh~{,r\'ation, for if one remC'Tnh('l' 
the position of Yariotl''I c1umj)s of plants from on("s childhood, 
one soon rC'alist's that if mall ha,'c mad(, no nlteratinns in the 
nei,Q'hbourhood they will be found ill thr same places, without. 
having extended their area CXC('pt in \"t'ry rarf' in'itunees. Di ... -
persal Inay be rapid if there be (which is very rardy HIC cas{' , 
virgin soil available. or if man or other call"'p have made some 
great alteration in conditions. bttt usually it will be a maHer of 
the most extreme slowness. The fi,hTlll'e-; for areal distribution 
that have been given above. !)howing that th{' .• hollow curve" 
is apparently a universal rule. not only for totals, but for indi
vidual families and genera, show clearly that di'ipcrsal foHows .:l 

largely'" mechanical" COUTSf', and that if a spccie~ now occupy 
a small area, it is in most cases because it has not had time to 
occupy a larger one. If the areas (jccapied had been determined 
bv natural selection, it is inconceivable tbat they should have 
~n thus graduated in sizes from many small to few large, with 



230 GEOGRAPHICAL DISTRIDUTION [PT. II 

no breaks in the continuity of the figures, and that not only on 
the totals, but in individual families and genera. We have also 
seen that there is no need for rapid dispersal, when the time 
R\'ailable is eonsidered (cf. p. 33). 

It is thus fairly clear that the existing distribution of species 
and genera, in probably the great majority of cases, represents 
only the dispersal possible in the time that has elapsed since their 
evolution. If ODe could return to the world after ten thousand 
years. one might find an appreciable extension of their area by 
existing species, but to expect it in a short time is more sanguine 
than reasonable. 
'The fact that the composition and distribution of the floras of 

the outlying islands of New Zealand can to a large extent be 
predicted from a knowledge of the distribution in New Zealand 
of the New Zealand flora (pp. 66-75) is a very strong argument 
indeed in fay om of the view that dispersal depends chiefly upon 
age, i.e. that it is determined by various factors which when one 
deals with long periods are found to act at a more or less uniform 
speed, and that consequently the existing dispersal of species 
does not represent the end of the chapter, but only the point 
which has so far been reached. 

If ont' accept the two suppositions nnder discussion, it is quite 
inlpossiblc to explain numerous facts in distribution which are 
easily explained by aid of Age and Area, for instance, the fact 
that the Auckland Islands have 45 per cent. of their flora mono
cotyledonous, the Chathams 31 per cent., and the Kermadecs 
only 21 pcr cent.; or that the plants of the floras of these out
lying islands (p. 67) are unusually widespread in New Zealaud, 
and those of the Chathams much more so than those of the 
Aucklands and the Kermadccs. It is impossible with these sup
positions to do any prediction about distribution at all, whereas 
nearly a hundred predictions have already been successfully 
made with the assistance of A~ and Area, and have added con
siderably to our knowledge of the distribution of plants in the 
New Zealand area. 

In regard to the third hypothesis (p. 229), the supposition that 
species and genera occupy just those places to which they are 
suited has usually been taken for granted, and a vast amount of 
energy has been devoted to the problem of finding out why they 
are suited. But, as has just been pointed out, we can no longer 
safely draw this conclusion. If a species is not suited to its loca
tion, it will probably die out, as is apparently happening with 
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C .. pr~ • ..,., macrocarpa at Montert'Y (1" 88), though this 'pedes 
is admirahly suited to life in a climate a little damper. But it i. 
stretching our imagiImtions somt"what to imagine that Jllo ..... t 
localised species are suited only to the places in which thf'y occur. 
Conditions change so nmch from w~nr to year that unlt·ss l\ 

species is suit("d to II ('onsidt"rllbl{' ~an~e, it 'will not b(" uhlt~ to 
surviv(' at all. It would not obtain n grt'uter chan.w.~ by mo\'ina: 
to another lo{'ality not h~l far away, It is prHbaul,' thllt lh,' 
slow acc1imatisation practised hy IlHtllrt" will ult.imat.dy ac* 
custom sI)t,'cic" to w-iddy difft'rent (·ondit.iou,,\ hut. long- tim!! 
must b(, allowed. 

The arithlnetical facts disclosed in t his book art' Ill.ll('h Oppos('ci 
to any such supposition. It is almost impossible to suggest (.'>()Jl .. 

ditions to which the on'rlapping sP('('j(,s in the map on. p. 50. or 
the grouped sl)(>cies of Yaryiu,L! size of area on p. },1)6. cun ht· 
suited. The point of "iew usually taken lip on thi ... rnattt'r hu. ... 
been very well pllt b~' Hllx],"y (59, p. 12:1). who '"y." 

"We arc very milch in the habit of tacitly assuming that 
because· certain plants and ('C'rtain animals exist 01lly under c('r~ 
taiu climatal conditions, theft' is ~mmdhin~ in what we vaguely 
call th{> • constitution' oftht> plant or anima) which hind!" th('Jn 
to these conditiono;;, and renders it impos~ihle for thf'm to li\'(' 

elsewhere, I wish 'we could g"l't rid of thi~ word' constitution': 
for I take- it to be OIl(> of the manv verhul anodynes bv which th(' 
discomfort of ignorance is dulled." ~. 

The arrangement of species in area~ that art' cOIlC('ntratcd 
about particular points. as is ~hown in the curves nnd maps on 
pp. 79, 80, 153, 156, goes to show that local Ildaptlltion has had 
little to do with the dispersal. If not locally adapu,J, th" species 
would die ont without spreading at all; but once established 
they begin to sprelld, at an ",'<'rage rate dckrmincd hy the 
vanou. factors that act upon them. Tht, fact thllt the northern 
invasion of New Zealand (cf. table on p. 77, and curn'S on PI" 79, 
80) docs not show any increase of local species at the region 
where the southern inva'Sion shows its maximllm, and vice versa, 
is a strong proof against local conditions having anything serious 
to do with multiplication of species. 

The fourth and fifth suppositions, that species of small area, 
and genera of one or few species, are dying out, are those most 
strenuously adhered to. but in view of the facts set fortlt in this 
book seem to form a very difficult position to uphold. It need 
not be entirely abandoned, hut in place of supposing most such 

-
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specie&" and genera to eome under this head, one must he satisfied 
with a small number; to the great bulk the eontention is not 
applicable. 'Ve have seen, and seen it so strikingly in numerous 
instances that there' can be no dOll ht that it is a g-eneral rule. 
that the species in a given country, cndemi(' or not, are grouped 
there (according to the areas that they occupy) in a perfectly 
definite manner, which i,';. always the sanIC. The wid{'s are found 
(whcll th{'rc are also endemics)" with many in the class of largest 
arru. and nl1mber~ decr(~a~ing dowu,\"ards, the endcluics arranged 
ill the reverse direction. This regular arrangement is (~Olnpletdy 
opposc'd to the i<it-a of relic nature, for hmv could theN- be many 
at th(' last stage of re1icdom, fewer at the last but one, still fewer 
at the last but t.wo, and so on? It is equally opposed to the idea 
of local adaptation. it may b(' worth while to point OlIt, for why 
should th<'re be Ulany adapted to th(' smallpst areas, with Ilum
bers steadily dcnca"ing upwards. Still more diniC'ult is it to 
explain. upon either of these sliPpositions, why the wides (if 
endemics occur also) ~hotlld Uf' arranged in the reverse direction 1. 

If there be speeial local adaptation, tlit'll the wides must he 
milch better suited to the country than the locally evolved 
forms! 

Inasmuch as all families and genera. of I'eas.onable size. agree 
in arrangernent. sonlC lncchanical explanation is needed to aC'
count for the nlCehanical regularity. and the only reasonable one 
suggested is age (for youth cf. pp. SO, 92). Age in itself, as alread~' 
explainC'd, does nothing, but it anow~ time for the actin? factors 
in distribution to produce their effect. To accept age as a mechani
cal explanation silnply mean"> that we regard these factors as 
producing a resultant or total effect which goes Oll at an average 
speed, so that age becomes a measure of dispersaL The dispersal 
is of course stopped sooner or later by barriers, phYSical or eco
logical, including the barrier imposed by the fact that a species 
has reached tIle extreme of temperature, dryness. etc,. that it 
can withstand. The real difference between the old \iew of dis
persal and that given by Age and Area is that under the latter 
we rt>gard almost all species as in process of extending their areas 
of dispersal, not some as extending their areas and as many or 
more eontraeting theirs (cf. footnote on p. 174), The exceptions 
to this-the real relics-are eomparatively few and far between, 

1 \Vhen. as 1n Britain. there are no endemics, the wides diminish upwards, 
but show considerable numbers in the most widely dispersed classes, owing 
to a('Cumulation there of species that ('ould not rise hi,gher. 
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forming perhaps 1-2 per cont. of the tot .. .! of spcoi« M "~ry 
restricted area. 

Very many arguments against tilt' old po ... ition h8.\'~' ht'('11 

brought up aboye. c.g. 011 pp. 5Ho. Sl. xtLtH. 141. ItH {i, and lin. 
No one hHs yet att~mpted ttl reply to any of th{"'I('. whid\ hun' 
mostly been all'{'udy puhib.lwd. hut tht' position is ()h~tiIlHtt').V 
held. and the facts brou~ht out h~' tIl(' ~tudy of 'j\'rtinry noru~ 
arc (,specially appealcd io. The"i(' ~ho\\' thaI t hCI'(' :l1't' wifhollt 
dOllht, ill th(' north tempera!t' Zoll(" a lUlmill'f or form". perhap ... 
(''\:('n H~ many a~ noo tu 1000, rathf'r widd~' "1'plll'uled frolll tllt'ir 
ll<:arest al1ips (when tlH'y han' allY sHeh). nnd pl'!lfm"I~' 'l\'rtiar,\" 
relics; but it is not properly Tl'HIi ... (·tl that thv,,!' Ur(' a IlH'rl' trillt' 
when compared to the Jo('aJ speeles tJwt O('('!lf \(1IIt1l of the tropic 
of Cancer. Brazill1IoHe has abollt 12.000 t'JHi<-ml(' ~p('eit's. Ih\lnll~' 
well localist·d: ('\Ttl Ule little island of ('I'\')O!l !nv·. ucarh+ 2;;11 
speci('~ of tIl(> most loealised distribution p{;ssible. alruo .. t I~Hlf (If 
thenl O('('l1rting t'iI('h on OTlf' TIlollutai1l1op (lnJ~', and it hn .. n('arl~' 
800 whost' urt'a do(· .... not excced ·1-000 "qHIJrc miJt\'i (H:J fJ:J m.) 

III yjew of the fnd~ that ha\'{' bt'('ll hroll~ht up aho,"(', ~howillg 
the way in which hot olll~' the arCHS o('(,llpi('d b~' ('ud,'mic ..... h1lt 
those o{-'cilpied by oth('l' .... P{'eil· ..... arc arrmlt!cd in }lOJlrJ", ('un'c", 
and showing that thi .... same tyP{' of arrallg('JJl('llt abo O(,('llr~ ill 

th(· grouping' of gen(,ra and familj(· .... illto ~iZt"", til(' id('/1 of rt·lie 
nature. or of spceiallocal adaptHtioll «('x('('pt in /w far II'" thi., rio 
needful for all ~p('(·i{'.." jf th('Y are to ~llr\'in'), most. it "('I'm'" to 
me, be abandoned for the gTe'at majority of {'ll."iCS. and the 
mechanical explanatioll adopted 111 it~ stead. that areEl occupied 
goes "\yith agt'. !\('arly all form ... are to h(· look(·d upon U'" in~ 

creasing their area. and only a few, Hot mo ... t. a!-> morihund. 
That thi~ "iew i'l itl all prohahility the ri,!!ltt 0(11' to tak{' of 

the phenomena of dispersal is shown ,-er,v dearly hy t he way in 
which, accepting it, prcdiction~ as to distribution may h(· mad(,', 
and haye as yet been llnifonnly succes~ful (in atmost a hundred 
instances) .. Very strong ('vid(,Il(,C, and evid('nce based upon 
definite facts, not upon a priuri reasoning. j,;,; now required to 
show that the hypothesis of Age and Area is unsound. 

But not only have we seen reason to accept .\ge and Area. hut 
also to accept the similarly" mechanical" hypothesis of Si,", and 
Space (Chapter XlI, p. 118), which asserts that when one deals 
with groups of allied genera the )j.jze of a genus dt:p(:uds largely 
upon the area that it coyers. i.e. ultimately upon its age. Thi!i 
follows almost of itself when one has "nce accepted Age and 
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Area with its implication that all, or nearly all, species are in 
process of enlarging their area of dispersal, not some enlarging 
and some contracting it. There is no need to quote the evidence 
a second time (cf. Chapter XII, and pp. 132, 164, 165, 174, 178, 
188, 190, 197). 

But if these ncw views be accepted, it is clear that a good 
many changes mllst take place in our made of viewing the 
problcms of distribution, which it must not be forgotten have 
hitherto been regarded as insoluble. One of the chief among 
these is the problem of Invasions of plants from other countries. 
If it be supposed that the dispersal of a species depends simply 
upon its age (reprcsenting the average effect of the active factors) 
and th{' barriers that it meets, and that when once it is estab
lished in any place it will rarely die out there except as the result 
of rather sudden or yiolcnt changes of conditions l , and further 
that only when thes,' changes attack it at the margin of its arca 
will they cause any diJniuution of total area "occupied." then 
it js dear that the problem of invasions caD be studi(-d with some 
hope of obtaining results. This has been illustrated in Chapter 
VITI. which deals with the invasions of New Zealand. It was there 
shown that by taking the places at which the maxima of species, 
endemic and wide. occur, one may get a clue to the different 
invasions that have reached the countrv. and the directions fron} 
which they came. But in a country without Any endemics at all, 
the Same principles may be applied to its " ,,~des." This has lately 
been done for Britain by Mr J. R. Matthew, whose work (74) 
gives great promi;;c for the future (and rf. p. 114). Careful account 
must be taken of the conclusions of geology, but if we get rid 
of the ideas that (proportionately) many species are necessarily 
dying out, and that most have reached their possible limits of 
dispersal, we can study invasion and spread ,,~th some hope of 
arriving at definite results, a proceeding whieh has been im-
possible under the older views of these matters. ' 

If genera give rise to others in a casual way, and at more or 
less casual spots (as the way in which the endemic genera in any 
country occur at scattered points would seem to indicate), then 
it is clear that in any part of the world one must expect to find 
a casual mixture of genera of different sizes, made up in much 
the same way as is the entire flora of the world, or one of the 

1 E.g. the oncoming of excessive cold, heat, dryness, dampness; clearance, 
fire, submergence. etc. 
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families of which it is composed (fig. on p. 181). A very 
little examination of local florM slIffi .... 'S to show that this is 
indeed the cas~. 

If, for e"ample, one take th<' nora "f Ilritain (37). 0"" linds 
that the families. by numbers of genen •. nre Itrranb,<,d in "'A'nllll' 
order, diminishing as the number of M'C'tw-ra incl'Cases. thus: 88/1 
(88 of I genus), 17(2.9(8.6(4, 8i5. 216, '!.I1. 2'8. Ji9. :I!IO. ",,<I 
so on in scattered numbers to 46. The g'rIlera hy nm~lbers of 
their species in Britain are 223/1. 90'2. 35/3. 32!4, Hl/5. 15/0, 
and so on. Until thC:' numhers become small then' is no bN-'ok in 
the regularity. The first two or thre<> num""rs contaill the !l'1'('ut 
bulk of the total; 50 families out of92 contain OIW or two ~(·u("ra. 
and 813 genera out of 512 contain one or two sp<"ci{·s. Thi~ will 
be found upon examination to be It g-<'flC'ral ruk for all flora.... In 
New Zealand. for example, 011(' finds the ~('Jl('rn (total 829) to 
be 155/1,54/2.29]3.17/4,12/5, l1/n. 11,'7, 5/8. 5/9. 4/10, amI so 
OIl. In Ceylon (total IO~7) one linds 573/1. 170/2, 8513. 40(4, 
86/5, 20/6, 19/7. and so on. In Yol. , (only) of the ]<'[OFO 0/ 

British India one finds 17811, 70/2, 3313, 19/5, 7!HI, and so on. 
All form markedly hollow curves, with the !I""at bulk of the 
genera in thf' first two figures. so that there is a v{'ry ~t.('('p drop 
until the third or fourth fil1l1rt' is n'ach .... l. and then a ,!(tadulll 
tapering away to the iar,.,"Cr gt'flCra. The larg'('r til(' ('onntry. ~m 
the whole, the larl1cr the size of the biggest I/en('ra. 

One may pHsh this type of distribution. shown in the hollow 
curve, into yet more detail, and find that 1Iot only the whole 
local flora of a country, say, for example, Britain, shows this 
curve, but also portions of that nora. 'tile same curve is sllOwn 
by the Monocotyledons and Dit'Otyledons of the Ilritish flora, 
and even by the individual families, when of r(:a~onabl~ size. the 
grasses for instance showing 24fl, 18/2, 1(3. 4/4. J /5, 2/6, and g, 
11, 18. The line is walT, but the numbers are small, and there i. 
no doubt abo11t the shape of the curve. 

Or one may take portions of the cotmtry inhabited by more 
or less definite associations, or groups of a. .. sociations, of plants, 
and find the same thing, Thus if we take Cambridgeshire. the 
Wisbeeh division of the cOtlllty (fell), and the very local Wicken 
fen, from Babington's Flora o/Cambridgeshire, we get the same 
type of curves (d. curve 6 in fig. on p. 287). One might 
expect certain genem to prove unusually suitable, and to be 
disproportionately represented, but this does not seem to be the 
case. 
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In tile MLxcd curves on p. 237, the fourth curve shows the whole 
flora of Ceylon arranged in order. beginning with 578 genera of 
one species each, and forming the usual hollow cUl've: the 6th 
curvc shows the flora of Cambridgeshire (Babington), the 9th 
the flora of' Italy. All the floras so far examined give similar 
results, sHd the same is the cal)e in local fauna, ... , as tht' lOth 
curve (Birds of British India) and the l.'lth (British Echinoderms) 
ilJustrat('. The cun'e is exactly like the curve gh'en by other 
comhinations of animals or plants, as may be seen by comparing 
Uwm with the other Clln>cs in the same figure. e.g. for th(, Com
positac 01' th(' Chrysomdid boetles, the endemiC's of islands. or 
those of Brazil. The taih in the figure afe of ('otlr~(:' cut short: 
their length depends in gf'upral upon the si7.{, of the flora; the 
larger it is. thp larger size, as a rule, do its genera reach to. 

Or if one tuke thf' flora of Irdand. oup finds it to be. cxeept 
for a few Ib<'rian plants in the south-west. a reduced popy of 
that of' Britaill. and the way in ''''hieh age alone has been the 
chief determinant of what species shall occur there is ,'ery 
strikingly shown by the following figures, extracted from }foore's 
Cybcle llibernicG. 

The plants of Britain in the Cybele Britannica aTC grouped in 
hUltdreds ac('ording to (iC'gr{'l' of freq neney in Britain (i.e. the 
number of "'-atsou's \'i('{'-pollllties in which the\' occur). Of the 
first hundred all occur in Ireland. of the second and third hUDw 
dreds all, of the fOllrth 98. tlfth 9i, sixth 93. so,'enth 8~. eighth 
74, ninth 63. tenth 66 (the OIlJ~' exception), eleYellth 43. twelfth 
26, tllirteenth 16. and fOllrtef'nth S, a steady diminution from 
top to bottom. 

But if size also depends upon age. then it is clear that in any 
local flora the g('nera. which as a rule will not be endemic, should 
be alTallged in the same way. The genera arriving for example 
in Britain will not all arrive simultaneously, but some will arrive 
sooner than others, and these will tend to be the larger genera of 
the nearest source of supply, for the larger genera will usually be 
the more widespread. The ultimate result "ill tend to be that 
these genera will not only arrive first, but will tend to be repre· 
sented by more species. so that one will expect the most widely 
distributed species in the large genera (i.e. large for the country 
in question, being represented there by many species) to be 
mOre widely dispersed than those of the small. This we have 
already seen to be the case in the most striking way (p. 114). 

But one may push this arithmetical regularity further yet. If 
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Number of 'peeles (or SiZe of area) 
Mixed C!urves, to show the close agreement of the holllJW ('urves, whether 
derived from families of plants grouped hy sizes of gen~ra (Comp0l>itae. 
Hymenomycetineae, Simarubaceae). families of animals (Chry~omelidae. 
Amphipodous Crustacea., Lizards), endemic genera grouped by rdzea 
(Islands, Bra.lH. New Caledonia), Jocal fiot'a.8 grouped by (Jocal) sizes of 
genCl'a (Ceylon, CI~mhridgeshire. Itllly), local faun.ll8 (BirdM of Briti!d\ 
India. British EchinoderlJlS). Tertiary fossils by sizes of genera, 01: 
Endemic Compositae of the Galapagos by area. [By courtesy of UU~ 
Editor of Nature.] 

with one genus show an a"etage of 2·2 species per famify, those 
with two an average flf 8'8, with three of 10'7, with four of 12·8, 
with five, six or seven genera of 15, with eight, nine, or ten of 
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40, anti with more genera than ten of 78. The numbers increase 
regularly with the number of genera. 

One may even find, here as elsewhere. that (as a general rule) 
the small families. which. as already explained Imder Size and 
Space in Chapter XII. will tend to be the latest arrivals, have 
fewer species per genus. While the families of one genus in 
Britain have 2·2 species per genus, those with more than one 
genus have a generic average of 3·3 species. If one take New 
Zealand, one finds the 3-1 families of one genus to average 2-8 
species per genus. those with more 4·3. 

One may even take the families of one genus in a country. and 
lind that they art' arranged in arithmetical ord~r. In Britain 
there are 20 of these with one species, 7 with two, and six more 
with larger numbers. In New Zealand there are 18/1, 6/2, 8/8, 
and seven more. And this rule appears to hold everywhere. If 
one take the British families of two genera, one finds 12 genera 
with one species, 7 with two, 8 with three, and 12 others, In 
Ceylon the bi-generic families show 26/1. 8/2, 3/3, 2/4. 1/5, 1/6 
and 9, 19, and 20 species. Everywhere the arrangement of genera 
by species follows this simple arithmetical rule, forming hollow 
curVes. Even the proportions of families and genera of different 
sizes in a country show some resemblance. In Britain 35 per cent. 
of the families are monogeneric, in Xew Zealand 37 per cent .. in 
Ceylon 44 per cent. In larger and less isolated areas the pro
portions are smaller, and in the world they are only 18 per cent. 

Another matter upon which it becomes needful to adopt a 
somewhat different view-point is the Struggle for Existence. 
We have seen that it can no longer be regarded as an important 
determining cause in evolution, and that it is most strenuous for 
the individuals of new species that are just commencing. If 
they cannot succeed in this lirst struggle, they will simply die 
out and leave no trace, but if they do succeed, they may be 
looked upon as having passed through the sieve of natnral 
selection, and being, so to speak. certilied as fit for existence in 
the region where they arose. Until they have spread to some little 
distance, however, they can hardly be looked upon as established. 
for they "ill be very liable to sudden extermination, whether 
ideally or badly equipped for life, A lire !,n the tiny summit of 
Nillowe-kanda in Ceylon (p. 55), for example. would probably 
exterminate the three species that are confined to it (and ef. 
DidyrIwcarpUII and Christisonia on p. 151). Once establish~ on 
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a reasonable area. only individuals. and not 1M "~~$, will 
usually be affected by the struggle for existence. Only very 
rarely will a new form overtak,· its parent on'r the who,," or tht, 
greater part of its rangt\ and d(>stroy it. \V(' are no longer 
obliged to regard a new species as coming into ("Xistt'UN' ut th(' 
exp<>nse of its ancestors. 

Another important general r{'~lIlt of tlit, work upon AA'(' and 
Area outlined ahove is to show thnt in any A'iv('11 C'Olliltry. unci 
therefore in th(' world in general, tht· "wides." whi(·h lit·CllP." / 

the largest areas (on th(' average), are the old{'~t form:... i.f. that 
they were the first to appear. Th,· fucts ,ct forth showing tl,,' 
distribution of the various classes aTe indisputable ttt the stage 
that the work has now reacil('d, and th(·y af(' wond(>rfullv <'011-

cordant from one country to anuther. N;, one ha..'i attemJ;t cd to 
contradict them. but there has b('cn muC'h a priori rc:'uscming to 
the effect that this or that has not been allowed for, thai it is 
obvious that so~and-so must producc gt"t'at efteds. dc. Nom· of 
this reasoning. however, htL<.; attemptt'd to explain tht· farts. 
which are so striking and so consistent that tht'y mllst hav(' an 
explanation, and that a mechanical one, on account of their 
mechanical regularity. The only reasonable oru~ is, as frcqnciltly 
pointed out, that the fuetor>; acting upon dispersal produce ill 
the long run a very uuifonn errect, so that age fonns a measure 
of dispersal. 

But if this be so, there i., no possible and reasonable explana
tion of the endemics, which in general af(' younger thun the 
wideSt and occur beside or near them, except that they afe 
descended from the wides. directly or through other endemics. 
But when a new endemic arises in this way, unless it is much 
better suited to a variety of conditions than its parent, it will 
never overtake the latter, and We have seell that there i. little 
reasou to suppose a combat Ii I' outranee between them. The 
parent will most often, probably, sun'ive beside the child, At 
times it is possible that it may survive only beyond it; but the 
distribution, for example, of the Ranunculi of New Zealand. 
where the parental wides are just as common in the region where 
the crowd of endemics occnrs, as in the far north where there are 
Done (cf. map on p. 156), gives little evidence in favour of this 
latter supposition. In my various papers 1 have assumed that 
the wides give rise to the endemics, and have made nearly a 
hundred predictions upon this basis, As these predictions have 
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always been successful, the assumption is therefore probably 
correct. 

The endemics, then, of course with a good many exceptions, 
are in general to be regarded as derived from the "ides that 
OCCllr among then1- In many cases, as we have seen, and those 
most often cases in which there is reason to suspect greater age 
than usual, a genus in any single eonntry may have only endemic 
species (cr. pp. 95, 155). sometimes only one, sometimes morc, 
and in tlH'S{' casps w(' nUlY suppose some nlUtation, perhaps at 
once, ill the fir~t wide to arrive, or perhaps subsequently and 
en masse. 

But now, if. ill general, the appearance of a n{.>.w form does not 
imply. as it did under the theory of natnral selection. the dis
appf'arancc' of its an('('stral fonns, there seems little reason why 
both should not survive upon the earth, or, in other words. why 
the whole, or great pact, of the tree of a family or genus should 
not suryjve. 1 have already workC'd out this que.stioD in regard 
to thc' DillE'uiaccue (120). sugg{'sting that 1'ctraccra, a ,,;de· 
spread and ycry simple genHs, may have been the ancestral 
form from which the fanlily 'was den red. In the sam(' way the 
PoJemoniacea<' (p. I7l) might ha,'e been derived from Polf
monium. tht, Mt'nispermaeeae from Cocculus and Cissampelos~ 
whilst in Cissamprios itself, C. Parcira (p. 159) might have been 
the parcnt of the other species, directly or indirectl:v. In Doona 
(1'.152). D. zeyla/lica may ill the same way be looked upon as the 
probable parent, direct or indirect ~ of t he other species, and 
so on. 

It is clear that when once the general principle of Age and 
Area is established~and alreadY the evidence in its favour is 
,'cry strong-it may be called~ into service in the study of 
phylogeny. But if it be accepted, it is clear that Guppy's 
Theory of Differentiation (p. 221) must almost necessarily be 
accepted also. This subject "ill be dealt mth in a later book 
upon Evolution generally, and can only be mentioned here. 

Just as the endemics of small area are to be looked upon as 
descended from species of larger area, so also we have seen that 
the monotypic genera are to be looked upon in general a. 
descended from larger genera. The way in which the numbers of 
genera, 1I0t only in the total, but family by family, are arranged 
(cf. p. 187) in hollow curves, mth a great preponderance of mono
types and steady decrease to a few of large numbers, shows that 
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there is a definite Ill(."'Chani('a.] relationship b<-tW(''(_'I)' them, If we 
imagine existing ftellrra to JIin' riM' ttl IH"W W'nt'Ta, as tlu'y briVl' 
rise to new spt'Cie.;. by I1llltations at intervuls. Wt· shall then 
eX[X"et that g('llera u!. n ",hol(, will follow the Inw of ('olnl)OtUld 
interest. BlIt if this he the ('HM', then it follo\\'s. thnt whilst the 
number of genera plottt'd to tht, Jl1lJllhers of sp(_,(·!t·s thnt they 
contain will giv(' a hoBow ('urn' Jikl' those on p. 287. fhe loga
rithrll of the Immht'T of gctH'rfl piottpd to the logarithm of the 
numbers of .sp('Cies that th(·.v (',,(_lTlt:tin wiH g'CH' n straillht line), 

Logarithm cu~'e for all Flowerin~ Plants (from ""illh" JJictifmary). 

(By courtesy of the l<'Alitot of Sa/uri'.) 

That this is in fact yery close to the actual truth when con
siderable numbers are dealt with is shown by the figures on 
pp. 241, 242, which give the logarithmic curves for all flowering 
plants, for the Rubiaceae, and for the Chrysomclid heetles. This 
subject must also be left for further cOllsidcration in Ii later book. 
Suffice it to say for the pT(·sent that the evidence is decidedly in 
favour of the origin of new species and genera from old by 
mutation, which in the long run ha, followed Ii very definite 

1 For this deduction I am indebted to my friend Mr G. Udny Yule, 
C.B.E., F.R.S. 

W.A. 16 
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Logarithm curve for Hubiaces{' (from Willis, Dictionary). 
(By courtesy of the Editor of Nature.) 
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Logarithm curve for Chrysomelid -.. {from old Catalogue). 

(By courtesy of the Editor of N_ •. ) 
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plan, new mutations being cast on tho Ilwr"llC at" fairly'd .. fillite 
speed, differing of ('()ursc for different d",,<s of animals nnd 
plants. 

The acceptance of th,· ,'i,'w that B is th .. din'ot doso<'ndant of 
A~ another living sp(-eic~. instt·ad of both lwing th(' dt's('t'ndants 
of some hypothetical a (au ancestor whieh by the wny hu.~ Iwv{'r 
been found in the fossil !lotate. so far ns 1 know. though 011 the 
current theory thert· should 1><. hundreds of thousands or them) 
will make the work of tracing phyiog'eni("S (· ... Sit'f. though if 
mutations nluy be of large Si7.e. this will not always lx' easy. 

~~xcept. in cases where- w(' have A'C'olo,IXi('ul {'Vi<i{,fl(,(' of formrr 
greater spr<>ad. when of ('OllI'S(' t}l(' •• fossil" area must b(~ added 
to that. occupied hy the living plant'i. Wl' may lel1\'(, Ollt of 
account the more local gr'n{'ra in tracing phylogenies. n.nd it is 
clear that sI}(:cies or gencNl that afe wid('ly scparatNI in spn(~', 
and in whose case no fos~ih can be found filling up the spacial 
gap, c;anuot, without great risk of error, be looked upon n..."> 

necessarily closely related, howt.'v{'r much alike' th(>y mnr bt· 
(cf. 130. p. :HH). Their resemblance may}", dm' to parallel 
mutation, and tlwir ancestor-;. may have bern. more widely 
scparat<'<i than they themse!n, art'. 

In the- same way, no fos ... i1 that is Hot of wide dispersal ('an 
safc)y be regarded as un immediate ancestor for anything that 
is of equal or Il('arl~' ('qual di~pcrsal. and stilt less if it i)(> of 
greater. Nor must widely separated fossil ... be regarded as nearly 
related without links. Nor is it safe to regard t.wo faye", a."t of 
the same horizon withont a number of fossib in comtnon; and 
so on. 

Age and Arca also throws light upon the question of Floral 
Regions, which are lL",ally defined as marked out by ~ontaining 
large numbers and proportions of endemic forms, and a.s being 
the better marked and more natural the higher the rank of these. 
Great difficulty has always been encountered in defining such 
regions; and to make them agree with those of the zoologists is 
usually regarded as hopeless. In the accepted grouping of them, 
the southern regions are very much smaller than the northern. 
owing to the fact that endemics increa.se in number and propor
tion towards the south (p. 149), Thus south-west South Africa 
is regarded as a region equivalent to the Mediterranean region, 
which includes all the land around that sea as far as Beluclllstan; 
and even to the whole of tropical America, including the west 

I&-2 



244 GEOGRAPHICAL DISTRIBUTION [PT. II 

Indies,· a region which contains colossal numbers of endemic 
forms. Other regions of absurdly small size are the Galapagos, 
Juan Fernandez, the Hawaiian Islands, Kerguelen, etc. 

It is difficult to undcrstand why so much energy and labour 
has been applicd to the problem of differentiating floral regions, 
for one fails to perceive any object which is gained by defining 
thcm, for example, any progress in the study of geographical 
distribution. The term floral region may, it seems to us, be added 
to H constitution" in the extract from Huxley given on p. 281. 
as oue of tht· verhal anodynes by which thc discomfort of igno
rance is dulled. When we say that LactorisJernandeziana (which 
is now usually regarded as of family rank) is characteristic of 
the Juan }"'ernandez floral region, it b'ouruLs' as if we knew mOre 
about it than if we simply stated the bald truth. that it occurs 
upon the island of Juan :Fernandcz. In plain fact it is no more 
specially characteristic of that island than Celltaurodendron 
dracaenoide,,., an endemic genus of Compositae, or Spergui-aria 
rubra, which is of cnomlOusly wide distribution. 

What it really comes to is that as, on the whole, in recent periods 
of the world's history. migration of plants has been largely 
southwards (owing to the cooling of the north), and the subse· 
quent northward migration has not yet had time to show very 
obyiotls results, the southern regions contain. greater proportions 
of endemics. In the same way, the islands being at the edge of 
the dispersal that has gone on, where the oldest and most 
variable (p. 218) types occnr, and being also isolated, show great 
numbers of them. But, as pointed out on p. 170, it must not be 
forgotten that the larger regions of the world have greater pro
portions than the small. 

Very little consideration is required to show that these divisions 
or floral regions are very arbitrary, but very little trial of the 
actual facts is needed to prove to an enquirer that it is a matter 
of extraordinary difficulty to improve upon them. The islands, 
by being clearly cut off from the rest of the world, are evident 
divisions to make, but to divide the continents, except to cut 
off a few such obvious regions as South Africa or West Australia, 
is quite a diHerent matter. 

The one thing that comes clearly out is that endemics are not 
a good test to apply. and with the new light that is thrown above 
upon the question of endemism, it would seem probable that 
this test will no longer be used. It gives a much greater pro
portionate value to small areas in the south or upon islands than 
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they have any n'a} right to pOSSt~,.,;.,. Of t.hf' 82 tJnr,ll 'f('giall'i: 
acCX'pted ill th(' latest work. H are "POll island~. and';' l1lxm 'illlall 
southern areas, and 12 in all an' in ttl(' ~ollth. aga.ill"t t)1l1~' l,~ for 
the venT much lar!,!er land masses of tht' north. 

The ~\'ol'k upon ~\g(. and Areu dl',<'rilwd alxwt, nmk,,' it milt'll 
more ('lear why tiH'!'te ditlieulties arise. Xu two g-~'nl'ra, in all 
likelihood. will 'lweud aho\lt tIlt' world al the 'alllt' rate,:-'o that 
it i .... (·\,idcnt that what lUa~' lw a llHlrk(·d Ilnl'al "('!,!ioH for 011(' 

g{·1I11 .... of pltluts {<II' Ruimab) wiH nol ~II' so (II' arhltlH'r. Ilfllc ... , tlh' 

f('ginn ha, lWt'1l well i~olate(l for u IOlltr tiuH'. will'1l it will, It)', in 
the ca~l' of mall\' i ... laml .... ('ontain lHall\' t'T1tit'lHit_·s of lllltll\' 

diffcf('nt familit· . ..,~ '1'111' 'whole subject ,·t·l~lljrt'.., (l {'ompJdt, f't:~ 
{'ollsilit'ration ill th(' light of the T('SII)"" prm'itled hy .\gt' and 
An'a. before it wiII h(' suft, to tr~" to dh'llk up titt· world in thi" 
IHnntH'r. All that ('an hc- safel~T 'mid at prc'\(,llt is thnt Tt',!,tioll'-; 

with ,!,!,Tt'at llllmher" of {'lHiellli('" ill many familit'.., ('an 1)(' rt·gardl·d 
a;".n'.~i()ll!'. that han' {'xi..,t('d for a long tinH'. pt·rhap.., iu ('otliparH
tin' isolation . 

. \llotll<'r thing that 'well}'" illdi(·;t!,'d b~· th(' work outlilled uho\'(' 
1\ that ill gCllnal the flora" of the world. indudill.L! tho ... t, of most 
of the islands. rnm,t han~ reached their pr{'''(,llt po"ition ... onT 
hllld or Harm",·' ... trait, whJ('h wnuld Hot st'riOlhly iJJt{'rferl' with 
the passage of "p('(·il·:-'. The arithnwti('lli. syslematie, anu othn 
rpiation ... hips hetwt:ell them. are too ('omplex. Hnd too {'vident. 
to han' t(·:,ultcd from transport over wid(' .. t rddws of :"ca. ft 

proc('s~ which would sift out H \'('ry f('w frOll1 H ('om}m.rativeiy 
large {lora. 

:\ way in whieh Age and Area rnay pro\'(' illeidentally usdlll 
has Leel} indicat(·J avon', and j11 a numher of paper ... (t26··134). 
}-'or example, ill Xc\\' Zealand (127, p .. ~52) a number of widely 
distributed species; many m.ore than would he cXJ)(·(·t,(>d, W('re 

fOllnd in the <!lass of smallest area. On ("xaminatiun, til('Y proved 
tn be. so to speak. the leavinl,J'S of the (lora. Twtlv(' of 21 were 
ltollocotvjedons, four were from the neigbbourhood of Kuit.aia. 
amI ~o o~; it was clear that many of them; though they perhap ... 
appeared to he really native. were in fact introductioll' to 
the country. P(fma<ierris apeUJla pron'd to be a ,-ery marked 
exception among the plants of the Chatham_, in regard to its 
distribution in "!'lew Zealand (129, p. 332), and therefore was 
probably an introduction. The doubtful nati\'cs uf J amaiea were 
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picked tmt in the same way, through showing irregularities in 
regard to their distribution, judged by Age and Area (130, 
p. 887), and so on. Whenever a species is found whose distribu
tion is markedly different from what one would expect under 
this hypothesis, that species is nearly always found to be an 
introduction, or of doubtful identification, or in some way 
irregular. 

Sufficient has been said in Chapter XYIll about the Hollow 
Curve of Distribution, and both this subject and that of Evolu
tion will be treated of in fuller detail in a later book. It is clear 
that Age and Area becomes simply a corollary of the larger law 
that was indicated in what wat.; said about Evolution. 

There are many other directions in which Age and Area may 
prove to be a very useful hypothesis in dealing with problems 
of distribution. but in the present somewhat controversial stage 
in which the matter remains, it is better not to attempt too 
closeJy to define, or even to outline, nt'w positions. The fact 
remains that Age and Area (with its subsidiary hypothesis of 
Size and Space) is strongly supported by very numerous facts 
which demand an explanation that is largely mechanical, and 
that the more inasmuch as the same type of facts is exhibited 
both by animals and by plants. It is also clear that in dealing 
with questions of Geographical Botany, the statistical method, 
which has remained almost untouched since Hooker long ago 
(p. 104) pointed out its usefulness, will probably play an 
important part. 
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Acclimatisation, 211. ·l,i. And d. 
Introdu('tiOlI 

AcroJrrma di,\~"·('('limt. with iuter· 
mediate stagl's. :ll!l 

Adam'.., Peak, l'Tldl'lllil':" of'. ...... i 
Adapt.atiou. Jl), :j.,), ;;7, .W, tli, HI\, 

20\-), :!JO. 22U, 224. 22" :!:,m. 2:;0. 
:!:n .. \nd d, l'urrdakd "'arill
timJ. En<il'mir £!{'Jl{'rn a,,(l spf'pit,S, 
Evolution. llltermcdiatt'!'>, lAwai 
nrinptation. :Sutllral ,,('It.O('liull. 
Spl'('it's. StruJ!!!1(' for {'x.ist~'II(·t· 

.\tivantage as a ~uid(' in ('voiution. 
HW. 212, 21.). 221. 22i:i: ruled oul. 
2J,i, 2111. 2:!1 

Afri('a. ellde-Illi(' g(:Il('ta. 110, 17S: 
1l1011otypes. ISN. JNIL And ('r. 
Canar~' lslanth, :\ladag:lls('ur, .\la!l
('an'II(' Islands, St llt'lt'na 

Age. eiIt'et" of. a, 4, 5. 0, 61, (12, S.;, 
!l9, 1,411., IH(i: th(' most powl'rful 
fiwtor. G. 11", InS 

Age and Area, '1, 5, n. 5·1., til, ua 
(statelllent of rullo

), S,t, W:I, ].1·7, 
1.')0, IHfi. !!O(i, 221. 22,): uppiif'lI
tion to single spel'i('i.. B-f.. H,I; to 
allimal~. ~U(); to IJllaHic'" forllli.. 
tHi; and e(·(Jloi!i(~nl rc-twlts, W~; and 
pulaeouotani{'.ul stlUly, I:", 1,'7: 
and the mutation thf'orv, 2:!:!; 
<vmtirmation by pn~dil'tjfm. (;n, 

76, 87, 2:10; in Australia, H4: ill 
<':('ylon, 54; in Composit.u{', 1 HI; 
j» ~ew ZeaJumJ, 6·:J,; iIH'u!<.ions, 
76, 13D, 234; ol)j{~ctiom. to, 70, 
)Is.'j.; posl'tion 01 t'rn- '\'IC-ory, Yo).; 
reservations. Ga. 7U 

Aim of nature, 205, 215 
Alucran reef, endemics of, 152. 212 
Allied forms only comparable under 

age and area, 62, 8.i 
America. See "Sorth Ameriea, South 

America, Tropical America. And 
cr. Alaeran, Andes. Argentina, 
Bahamas, Brazil, (,hinese, Eu
genia, Galapagos, Jamaica, .Juan 
Fernandez, Lacrorls, .Mexico, Sew 
Vn.lr- Hi .... .-1 ... Tnn .. irn . . r;;Pflunin 

,\rill,t. :\In, .\ .. !I:,! 
'\rdotith'tlt', I:.W, U7, lat\ 
Art'll, htokt'li. t-IO: dHTt'n'Il('t'" ltl. 

{)('{'IIJ1U'd, :.!. :m, .i,-I: t'arl~ ,,{'t'i·it·g 

gam 111,011 lalp!'. :11-: "" .. sil, 2,1.:1; 
gmdwlfHItl 0(, .'iH., 17'H. 2:''11: in
('rt'!l~IIl~ lIlort' rapidl:,' with llUt'. 
:1:1: IrU't('lI"!lIlj,! \\illl l<1Z(' uf gt'nus. 
11 J,- P~;.lllr~(', diU' II.' ;.pN·lIIJiIIi!", 
II: Ililtullllllll, o(,t'uplt'd hy ('<1111_ 

1lll'IlI'iUJ,! !'>lwl'u'", :lUH: IW('l'~N\f\ 
for OJ'JjlJIl. JlI; jlf I'Jlih-lUi.' .!.('IJ(·TJi. 

171; uf t'udl'lIli{' Iil't'('II''', ~ili. L'".o(I; 
(J(·(,tlpwd.:.t. 11. :):1. :HI, 1).-" lr~'. 

1;11,170, Ifll; JIIU'IlI111WIlH Illuh'jwd 
IJY thoM' (If .. i7t,. 175; plant." (If 

stnalh-r. thl' y'l1l11g-t'r, 2114;; p" .... HIIt· 
of U('('upatioll, 4f1; l"('strll'kll, 51; 
hi whit'h kuift'd, 11. And d. 
AgI' ant! An'a, lli"!lWNI.1, 1':11-
cll'lll!l'. ('II'. 

Ar,L.rt'Iltllllt. I'JltCfuJ flf illtrodu('fillfl" 
ill,:,W 

ArgulIH'ut or I'art 1,7: 1If' l'llrt II. 10"; 
A'iin, trnpkal. {'IIIII'IUII' 1{l'IU'tIi, 17H, 

And t"f. C('\'IUII, Chillt·,O('_ lnlliu. 
nrakatall, '.\Jaldivck, :\lonlO{)(Jnlf. 
'l'llJil 

AS,,!,J('iatinns of plants, 20, 2;). an. a5, 
,')0. ,j1. 2211 

,·\'<'t,l'rl'IW, l!!1I, I:m, WI, la4-. ':M· 
AIH·klaud bland"" 60-74. :tHU 
Au'>traliu, a~(~ lind nn'l. ill. 04; 

t'fHl~'mk ,i!l'f1f'TU of. 170, JH(): 
eruierni<- l'ipecil'" of. L'il); ~Tn.NM·'" 
o'i. 'j')". ":"n~ 1:"i, 'N~!'t~ h,Y(Io\'f'lt.\Ya. 
~ew ('ait'dlillia 

A vern~(' _lfcfl(~ri(" arell, 120; n('·c!oC8SUry 
in Ujlt' and area, HI 

Axioms ofth(' I'lyst.ctlultist!t. 105, 217 

BILhuma Island!!, endemics of, 04, 
],'i(),21() 

Harrierlf to sprt'ad. 12. ]3, 16,20,21, 
aG: ("p .. oC'ially ChllJl. \' 

Batl.:"son, \\" .. 21"; 
Beetles. hollow ('urve in. 2tr,l, :.~m, 

2:1f1! Inl1l1rith ..... ;~ ........... ')4-1 
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Breakwell, E .• 64. 
Britain and lrelanrl. and outlyin.ll 

islands, distribution in. 70, 73; 
flora of J!enera and families by 
8izes. 2ll5; llieTocia in. 160; in· 
v8sions of, 234, 236; spt"("ieg per 
family. 237. And cf. Cambridge. 
shire. ClaTt', C'olonsay, Ireland. 
Orkneys, Scilly, \\'lcken. Willow, 
etc, 

Brokt'n areas, RU 
HUJ'kill, l.H., 1:.! 

Cakilt· alacranl'n.Y;.'(. (Jistrilmt;on of, 
15~ 

Calcutta climate. 4-:1 
Calcnduleltt". 126. 127', 1:J40 
Caililrickl', distribution of. 92 
('ul/UTi.". distribution in Australia. 

157,64-
Cambridgl'shir(' flora, 235, 2a7 
Olmpallula I'idalii, distribution of, 

152 
C':mary Islands, Hora of. 27. 88 
Causes favouring- Of hindl.'-ring dis

persal.32 
CtmChrWi iWlIllmia, distribution ot', 

1.1)2 
C('ylon .l:I.gf' nnel area in, 54; catalogue 

of fiorn, 59; di!ltribution of classes 
in flora bv area, 59: distribution 
of spe('ie; in .. !)9; dry and wet 
zones, 14; endemics. 54. 55, 56, 
1,1>0,152,233: endemics mainly in 
big- genera, 165; endemit· ,Il('nera, 
170; genera by sizes, 235; spread 
of introductions in, 25-6. And cf. 
Adam's Peak. Anuritdhnpura, 
Christisonia, Coleus. Doona, Eu
genia. HakIlRJa, Hinidun-kandn, 
Hortonia, Kandy, RitigaJa. Scht/
machma, Thwaitt"s, 7'ithmtia. 
'rrimcn 

Change in living 'World, rate of, 3: 
of conditions, :19-44. 51; of tel11-
pnRtUl'f', 44; ~1J'eater in greater 
time. 144 

Characters, family and generic, 209; 
intermediate usually not possiblf', 
209,211,219; often apPf'ar lat(", 
210; rudimentary beginnings of, 
209; usually evolved without refer
ence to llsefulness, 226; usualJy 
indifferent, 152, 209, 224, 225. 
And cf. Intennediates,Species,etc. 

Chatham Islands. 66-74, 230; plants 
oldest in New Zealand, 67 

Cberrapnnji climate. 43 
Chinese-North-.>\merican flora, 88, 

140,144 
CAriati80nia, 15] ;distributionof,159 

Cichorieue, 130. 135, 136 
CiJJsamptlos. distribution Of. ]59,. 

172 
Cistaceae, distribution of. 172 
Clare Islam'. distribution of flora, 70 
CJasS{"s by area. 60, 6] 
Clements. F. E .. 20 
Climate, ·1.0: elimati(' boundary, 45; 

chanJles of. as barriers, 40; 
("hanges of. as djJ"('dinll' fo:rce-s in 
mil!"ltion, 138 

Closed plant-soeieties. 20, 30, 50, 51 
Cocknynt'. L .• 26 
Coffee. Ubf'ri.w. acdimatisation of, 

29 
Co/em, disp{·rsal of Ceylon species~ 

2, ;')4; C. f'IOll{!aJfLS. 2, 54. 151. 152~ 
208,219 

('olonsay. distribution of flora. 70 
Commei}cinJ,! species. 10 
(~omparison of unallied forms, 86 
('ompositae. 81!(' and urea in. lIg; 

distribution of. lR, 22. 48, 85, 
Chap. XlII: ("Yolutionary history, 
la2; of ~fadaglls{'ar. 175; size and 
spa('e in. I :~2 

Compound int.("rest law, 24] 
Constitution of plant or animal, 231 
Copeland. E. n., 5, 50 
Correlatt'd variations, 208, 209 
Cosmopolitan p:enera, 21 
Cromerian flora, 13i-8 
Cupressm: 1t/u('focm"pa, 88, 113 
Currents, dispersal by, 14-]7 
Cyanf'a, distribution in Hawaii, 161 
Cynara, spread of, 27; Cynareae~ 

127,134,135 
Cyrtandra. distribution of, ]59; in 

Hawaiian IsJands. 160 

Darwin, C., 4-, ]0, 204-, 2]7, 222; 
Darwinian theory, 102,204 

Destruction in strugj;tle for exist
ence. 113,221 

De Vries on Age and Area and the 
Mutation Theory. 222 

Diagnostic characters usuaUy indif
ferent, 152, 224, 225 

Didymocarpus Perdita, species of two 
individuals onlv. ]51 

Differentiation, is, 103, 105, 221, 
228 n., 240 

Diilmia, distribution, ]59, 219; 
Dilleniaceae. familv tree, 240 

Dipterocarpacea.e, distribUtion of. 
19,36,85,152 

DiSpersal of pJants, 10, 12, 24, 82, 
85.101,228; a measure or age, 01, 
197. 230; by birds, explosions, 
mammals, sea, vegetative repro
duction.wind.etc .• 12-19;av~ 
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rut.e probably vt'ry uniform. 9Q: 
C3US('S favourin.'l or hinderin,ll, 32; 
due to youth, 89, 92: into virJl'ill 
areas, 12, )4-, )5. 19-21; rnainh' 
by land, 21, 182. 245; mainl;' 
oorniifjonffi by hSl'1"it'l1i. <IS': 
mechanicaJ. 21; 22, ali, HI. 220: 
methods, 12-22; of intl'tKluction!>. 
2+-27; of unreJat('i) forms. 36: 
oldest types. I\t edj.!l' of, :lIN; 
prest'nt, th(' maximum ptlssibl(', 
11, 197,229,230; rupid, 11, HJ, 
20, 26, U4, 229; rapid. not !H'('c('''' 

saTY, a:l; r('u£'h('d possibl{' lirnit. 
11,27,229; rq!ulur und irrq(ulur. 
12; slow, ~'O. 30,3:1-$2: to short 
distanec only, J ..... ~). !l2, a5: 
without alt('J'[i tion ofe()(uiitillriS. 25 

Distribution. 1111, 22M; a dtJsed 
{·huptcr. I], 27, 2110: dt't('rmineti 
1ar:reI,Y h~" time, 170; dhwul\tin· 
lIOUS, 11; ~('nend. 22R; largely 
mN'hnujeuJ. n. OJ. Hn. 203, 200. 
214, 22fi: dut· to intem('fiotl ()f 
many fadors, 1. 2, 5, 85. 87; 
limited, 3, 4: of cnriemi('s. :;4., 58, 
lU3, 16U; ofrainfallund moistu}'(', 
40:J-4; of wides gn'utl'r thnn of 
endemic,,". tlO; to what du(', 1, 5; 
vitll) fJH'tors in, 2, And ('f, ) )i!l

persul, l<:ndt'nd('s, Sp('(·it~s. and 
the various countries 

nit~Ypes, 185 
Dotma in Cevlon, 04. 152. 161 
Drosophila, inutatiou in, 224 
Dying out, 1.4,10, 5R. 81, SS. MU. HO, 

91, 93, 142, 144, 148, U;':;, J86, 
192-.1:. 2'.m-34. And (~f. Inter· 
mediate!>;, Killing- out, HeJi('S, ('f(', 

Early spt;'cies gain upon later, a4 
Ebermaiera,distrihuhon in India.l fl3 
Ecology, 20; ecolollical harricNi or 

aids to spread, 46, P9, 100; re· 
suIts, and Afle and AJ'Cll. 98 

Effects of barrien, 12, la, nnd 
Chap. v 

EWdea, dispersal, and sprt"'dd, 17.26. 
Zl.51 

Endemic lZenel'8, 169; aJ'('~ or
cupied. 170; aN local adaptations, 
57-8.87, 166, ]79; as relics, 166. 
179.182; as voung be¢nnel"8. ]6('. 
179, 183; JJelong chieHy to laJ1!er 
families. 182; distribution of. 169; 
explanations of, 179; of contin
ents, 17'7-8. of island-Oj, 175-83; 
number inereaSt>S with various 
facto1'8, 169; and with increasing 
area, 169; phenomena paralleled 
by genera of larger area, 176; 

wit.h !ltul1l1 a1'("I\...~. 171, "ad ('f, 
J.:ndf'Uli[' .!Jpffirs. }>;vf)Jutitm. nnll 
th(' vario",. NHlutrk" 

Bndf'(JIi(> Nf5N_'fPP;, urt·tls <I('('upi('(t, 
]5(1; us h""ul "tlllptntinn~. 54. tn. 
T66, HIH; 1\,"1 I'('Ht'1oi, .IN. Kl. HIi, na. 
!~:I;t'~~'J (~~7 :1 f!':(1~~ :J,':;~f" l~:: 
Jat)!f' J!(,flf·rn. flJ. }I),'i: J'hmlnJUwJ' 
in tilt' !louth, rtt'" 21!\: dN>l<'t'fUlt", 
(¥vIm WI(}(·S. HI, 7·.,. i7. Hil, J.~;I. 
221, 239, 240: t'xpiutmtinn!lo. 211i: 
fumilit'" nnd Ill·nt'rll til whil'h ht" 
hJtlg-, Hi,1-; inC't('IUl(' tn MIllthw8{'til •• 
d(',. 1·'"; In('l1litit·,, ill "hi('h '"'('Ur, 
140; (Jf BnJ)II1J)n". fa; ('I'ylltll. 54; 
(;lllnpngHs, J;",U: Ilnwlliilllll"hHIII". 
1:)0. JH4(ifI('IudfllV(lrNl(kmi<-lIrut 
nOTH'ndt'llIic' 1lf'1l('l'8, H~\), lll.lia, 
Hi4: mountain turN. 54., ,),), 5K: 
Sl'W YHrk, 64; Nt'\\' :l.t.'alllnd, 
ot !'IO('w i'.A·lllnlld itnd uuttyitlj.l 
1,,1»1111,.. fi.a.. OfJ.."7·j., Hi"; S;Jrth 
AmcriC'll, HU: f'('I«'mbIUlH'(' to linn· 
("lIdt'rtI;c .... HIJ: ('("ation to Wilk .... 
til, 77. HG, lOS; th("ir dil>l,trilmtiun 
a "P(,(,Illl ('I~M('. f6a: tYJ~'jo, or di .. · 
tributiol1 Nfmlf' as with,,,,. lUI: U1l
rt'lntNi to wid('~. KO II,; with 
maximuJn hlllllh('rs at N"rtajn 
"pot .... 77-,~; wit.hout chftt'I't"TU'\'1\ 
i'l ('(mditions, Hk: ~'OIm~t'1' 'hun 
wid("~, ~UI. 221. Ami ('f. AJ[t> RIlII 
An·a. j)i~')(,NiUI, l)istrihutitlll. 
Lo('uJ ndajJtuticlll. H.'Iie-lii. S,lt·c·l., .. 

EudemiMu, 17, .H. 14s. )06: It "illt! 
of Ii,llf', 84; It-nd diliitriiJtltion. 
(lil)('('it'fiI) ).t.ij, (J(t'Ju'm) IOU: nnd 
;[lio}:.ttiun. J-M-!J; C!'fpt'Ci8U~ tn t.he 
,"outhwnrd", 140. 170; (>xplaIUl· 
tions of. 166; 011 ('(Jntinf'n11t. 1-tO; 
on mountains, 1...0, 1M). And d. 
U.b<lV(', and Killing flut. 1,..tI(·nl 
adaptation, HelkH. Wides, f~t<'. 

.El'i.lobiurn, distribution in Sf'W 
Zealand. ISS 

E«t,:;t(~~. i;s,l:~~~j~·''ii.6i65 16:); in 
Eupatorieru-, 126. 121, 1M. 130 
Europe, t'ndemiM; of. 149, And cr. 

Bntain, Jt.a1:v 
Europcan1i in thE' Trf)pi~, lcK'fttinnlo 

Qf.24 
Euryak, formerly of great extension. 

141 
Evolution. hv infiniteflimnl varia· 

tion. 2, 10:207. 213; by diff('ren~ 
tmUon. ('f. Djft('rentjatiun; by 
mutation. ef. Mutation; ~uided by 
advantage or natural ItClection, 
189, 212, 214, 215; mechanical. 
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203,.205--6, 21], 214; prt·d(·ter· 
mined, 2]5; theory, 204; tree of. 
surviving to prcscnt time, 22]; 
type' of, 10] ; without adaptation, 
57. ;')8, 22+-0. And d', :\daptation, 
="atllraJ selc(~t.i(}n. etc. 

E.'.r.acum. distriiJutjon in India, 1M 
Ex(~eptiuns to A!!c and Ar('u. ti7, fiR, 

84; {_'x('('ptinnai sl)('('iel>, 245 
Expeetatioll of life • .t; 
Expiosinns. dislwTsal hy. lH 
Extermination, 140, 2:tH: rf'I.!ional. 

140; st.l('dfh', 142. ('1'. Killin~out 
llnd JJying out 

Extinction of S)('(·j(';., U,2-L (_'C. 
Killing- Ollt and Dyilll! out 

Fa(~tors in dispersal. ek. cr. 
Causes, Di"J)('rsal, ek. 

Families to whieh clul('wit'" belong:, 
IM~; sizt·s of, ill hoJiuw curves, 
lrW. And d. G('Uf'rd. 

Fauna ..... lo(,al, :ma 
Fesluca 011 diffel'ent tyVl'fo, of soil as; 

on tilp downs. ;il 
l<'ixit." of vegetation at ,1 given spot, 

20 
Fleshy fruits, la 
Flnrui Tt',!!ioIlS. 2 ~a 
Floras. Cf. under ('ountries, et<'.: 

dut, t(l laud conne('tions. 1 ti2. 2·".; 
Flu('tuatin~ variation, :l07. 211, 21:1, 

22~ 
Forei,2"1l specics. introduction and 

spread of. 24 
Forest, 42, 47, 51 
Fossil arcas, 24a 

Gaillpu~os, endemic.,; of, 150 
Gardiner, J. Stanley, 14.200,202 
Genera, as local adnpultiOIlS, 189: 

us relics, 189; ditypic, ("te., ]85; 
endemic. J69; form mol'(" species 
with incre.asing area, ] 17; fomled 
in a eusual way, 234; g-rouPN by 
number of species. 186; largest in 
Jur~est families. ] 87; Illonotypic, 
] 8,): number of spt'cies in. l'('lated 
to varietv of conditions, 115; of 
endemics'only, 95,18.155: of few 
species usually relics (1), 229; of 
one or more specip.s. 185: of Old 
and New "·orlds. 21; on both 
sides of a barrier, 39; percenta,ge 
confined to various areas, 189, 
190; possible size increasing with 
increasing area, 178; sizes of, in 
hollow curves. 174, 178, 186 

Geo~phi('81 distribution. cr. Dis
tribution, Limiting factor, Pro
gress 

GeOlogical chan~f's, I, 52, and 
Chap. XI\' 

Glacial perind, 2, 172 n., 199 
Gnaph.a1ieac, 12(;. 12M, 134, 135 
Goats, ('((cd of. upon ve,.,retation, 2() 
Grnduation. of areas of endemics 

and wide!., no, til: of areas of 
:;!en<'ra from small to lllrg'(', ] 70: 
of areas of speeif'I> from small to 
Jarg(', ;}~ 

Gmmineue of Australia, (j4 
Great Britain. ('f. Britain 
iruwlt'ra. distribution of. in Xcw 

Zpalaud, l.'j,j 
Guppy, II. B., 17. 4!1,!I;'j, 101.117. 

laU: his th('on' of diff{·rcntiation. 
1H. 10:1.221, ~2H, ::!40 

Gymllnwl. di"tribution of, I,jH 

l/fl(J'ilia, distribution in :\,ew Zea
land. Ija 

Hahit. t~·Il('S of. dl'c('ts upon di:-.
l)('rsal, ·tt} 

Hakgalu ("eyloll). 1.',1 
Hawaiian Island .... a1!(' atl(l area in. 

ti·4-: ('ltwu'({ iu, 1(H: Ctlrtmulra in. 
160; endemics of. I,jO. W!:i, lH4. 
17(); l'ndemies of t'ndemk' and 
tloll-elldt'mie genera compared, 
16a; g('llcra ahov(' avera,!!(' world 
"izc. Hi4: Pelt-a in. 161. And cr. 
Waialealc 

Ht'leuiC'a(" 126. l:ll, la.j,. 136 
Helianthe!lc, 128. l:H, 1a5 
Hf'loiJicac, size and space in, 116 
Hf'rhs, shruh~. and trees, 46; her-

ha('t'ous \·cgetl.ltion and drier 
('limatc, 42: advanta~es of. 48; 
YOlln,!!cr than forest, 46 

lIieracia in Britain, distribution of, 
WO 

Hindrances to dispersal, 32--53; to 
pro.u:ress, 228--9 

Hinidun-kanda speciC's, 55 
HoHow eurves, 155, ]61, ]63. 166, 

17],174,176,180,185,186,187. 
188, ]95 (Chapter), 199, 202. 205, 
211,214,229,235,236-7,240 

Hooked fruit, 12 
Hooker, Sir J. n., on age and area, 

4; axioms, 217; on Botanical 
Geography, 6. 104; on dying out, 
4; on natural selection, 205; on 
proportion of mono- to di-coty~ 
ledons, 22; on general perman~ 
enee of species, 207 

Hortollia in Ceylon, distribution of~ 
159 . 

Huxley, T. H., 2, 231 
Hydrocotyle, 46; acclimatisation to 

different climates, 30 
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Increase of area occupied, a:l 
India. endemic genera of. no: 

genera by !iizes, 2a5; gl>nera abow 
average world Si1.C. 164 

Ill~:l~e;~~~ ~';;i~~~l~~~~~~ltion hy, 
Interaction of factors in dispcn.ut, 1. 

2,5 
Intcml(.'dillt~R. Iw.-tween diu~uolitk 

eharnrter., ustutll~' imllOs.~jhk, 
209.211, :!19; \)(~twl'l'n g-t"lt'm and 
species, not found. 21<1., ~2H; ill 
Acrotrema, 210; no llt'cd fur tllt'm 
to di(' out, 218 

Introduct.ion of rol"t'i~n sfJl·eie~. 24; 
on ('ontinental ar('as, 2i'i 

Inuleae. 126, 1:14, 1:1.;; diphvlt'tie 
origin, 126; linuted, }~6. 127, 13tl 

Invtl!'lions, 20, 234; of ~ew ZeH.lnnrt. 
7H,13n 

lreJand, Horn of. 2:JU 
Irre~ulat dispersal. U-IU 
Islands and endemics, 148-30, 17.;·~ 

~a: 11l11ll0typt·:.. IHS-U 
Isolation. 17. 1.J.H, 1011, )7(1 

ItaJy, tloru of, !!~W 

Jamaiea, age and area in, u·~ 
Jordanian speeies, :!l,i-21 
Juan Fernandez, l'lldC'mi(: gCnt'm of, 

16U-TO,24t 

Kandv climat(', 4a 
Kerm~vl(_'c ]SlaTld!., ('{I.-H, 2:10 
Killing uut, 1, 157, lali, H2. ]4-1 
Krakatau, nom of, 15 

Lactom, distribution of. 24<40 
Land connections, 21, 182, 2,1."i 
Landslips, 37. 4R 
Large families and gencrn the ijU(.'~ 

cessthl ones, J l:-l 
Larger gener-d, Il7, IIi,"); all larger 

areas, 178 
Largest families in the world, 21 
Light, effects of, 45 
Light seeds, 13 
Limit of distribution, 4.5 

t:n":!~~~~~ ~~~r;i~O:"~~ 
216,218,221 

Literature, 247 
.Local adaptation, 5-1, 57, 5B, 87,148, 

216, 231; species, 50, 151, 217 
(and cr. Endemic); distribution, 3, 
4; faunas and boJJow curve I 202; 
floras and hollow curve, 236; 
migration, 20, 82, 85 

LOfgren, A., 206 
Logarithmic curves, 241 
Lyell, Sir C •• 8, 20, 219 

~1t;~~~I;~:~ ~JZ~~\:~I:~;~It'~:~;~i(,~: 
11"'1 

~fu.ldi\'(' hlullItl!>. n.m. uf, U. 
:\tlLnuull\I', dis,wrsni h.v. IV 
')tllll. 1H'IUlII tlf. 52 
.ltlls(·nn'llt' IslulHt.., l'nlit'ltli(' !ol"lu'ru 

of, IOU, li'H 
~lllttht'w,.J. H .. :o::u • 
~J{'dmui('Jd {"xpllumtion;; fI('('('''t»llry. 

KU. Hm. :lOb, 2a!t, ~aa 
Ml:cluLllisu.il'l fur dbpeN.al, 1:l ~ ilt)t 

Im'lf'n~tl\'t', :H 
~lcnispt'rnUI.(-elll·, dilOtrih\ltillll of, 17~ 
,\It'snphyti,l' pJIUl1~,. diSpt'l'Sflf uf. "'''; 

aduptatlOli m~' 111,210 
:\lcxil'1J, ('!\tit'ruH'l-, uf. 15n 
)J(·vrkk. K. 2(HJ 
)1ii'rmilK'('it'""ms,21H 
)li~mti()n. laM 
.Mogi flura (.In.pJlh). )4;""'U 
Mnlsttlrt' (If air. distrihuholl ufo 4:\ 
MOlnmiu('{·lU'. dit\tributiull 0(. li4 
:\lnU(t(!otvit,dolll" in h.lIuuls uff :"\('w 

J'.,('I\III,I;d.2aB 
:\Iollot,.rpi(· ~{"I('l"n. lH.'i; lU'('/Ul (1('

C'UrJil·d hy. Ihl; I\N rt'JiI'l!.. IHU. 
101"';1; Il~ r-.pt·(·inl IlduptJltiuut>, 
HW. J!')~:l; d{'Sf'I'luJt-d ImUl utTMt'T 

genera, 2441; (·"'I)lllllu.tIHns of. 1"2; 
~rt·.af,t:'st proportion iii Jurjle.t 
"arnili('~, HJ2; hu'n·tlli(' !muth· 
ward!'> alld ontwurd!o. lila 

,\lfJn"-(J(JtlfoI.14,·U 
~loriIJ\lfl(l.;p('C)l'!), t'f, Hcli(·".unti u.s 
.)oilllltJtuill"'. HI> U,il(,UU.. flu'ilituUni( 

miumtiHJl.:17; u,to; hnrriers. an. 40; 
as hu;t rt'!mrt!i, !itoi; and dirnatt', 
4(~'~; and ('nlit'mi('s. 55, U2, I'Y; 
C'IHI<'mie.s Itlli rt'lies. 92; rnd('lUi(~ 
g't'ncta nf, 17H 

Multifile oril(in, ] 1, 47, Itnj 
.Mutation, 208, ~11~21. 222 (de 

~"}r!c:t~;~it ~);:{:~7::; °J~~~l~~J .JJ~:;; 
S{'veral, not flL'(.'fioOSilry for forma· 
tion of spede!.. 21H; gi7.e of, 215; 
small, 2HI: th(,ory Rod tll.{c lUltJ 

aren.2Z'.l 
lfutisielw. 126. 127, 131, 135 

XfljWi, distribution of, 159; fO!lsil 
record of, 143-

Natural liClecti{>Il, and explanations 
ba.>;ed upon it, 10, 66, 6t. 104. 148. 
188. 198, HID, 204, 206, 208-14.. 
220, ~; a destructive and 

;::::se ():fi:~ =;J ';;~io~ 
problem.s. 22S 

Nest making, 12. ]3 
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~:: (t1S~~i!;~:!~e~~Ce;;n~: of, 
]69,170 

New forms at commencement of 
life, 212, 213; most frequent at 
edges of dispersal, 218: range from 
small to large, 220 

New species, formation of. 34-5 
New York, endemics of, 64 
New Zealand. 8_l.!e and area in, 64: 

endemics of, 150; of, and islands, 
60; endemics belong to larJZc 
~nera. 165; endemic ~nera, 170, 
) 71; flora of outlying islands, 66, 
72; genera above avcra,!l'e world 
size, 164; S,!enern by $i7,eS, 235; 
invasions of, 76,189; predietions 
»bout flora of Nl'w Zealand Bnd 
islands, 66-74; Ranuncu/us in, 

::;~d S!:;fI~~~odu~i:~~: 26 ~~~ 
most irrt"JZuJar curve of aU, 196. 
And cf. Aucklands. Chathams, 
Epilobium, Gunnera. IIaa.dta, 
Kcrmndec, Monocotyledon. OuaT· 
ia. Outlying,llanuncuJus, Stewart, 
\'e~etation. etc. 

North America, spread of introdu('w 
tions in, 26; endemics of, 86; 
monotypes, 188, 189 

Objections to hypothesis of age and 
area, 70, 84 

Omotlterfl, mutation in, 224 
Oldest and most variahle types at 

edge of dispersal, 218; living 
species, 14.1 

Okaria,distrlbution in New Zealand. 
161 

Open plant societies, 20, 27, 50, 
218 

Ori~n of species. 10, 204 
Orknevs, distribution of flora. 70 
OutJyfng islands of New Zealand, 

flora of, 66 

Pacific Islands. plants of, 17 
Palawootanical study and age and 

area, 187 
Palaeotropical genera, 190 
Pangenesis, 222 
Parent and child occur together, 

219, 220,221 
Peka, distribution in Hawaiian 

Islands, 161 
Permanence of species, 207 
Phylogeny, 240 
Physical harriers, 86 
Plant migration, 187 
Plant societies or associations, 20, 

50 

Podo$temaceae, 4; distribution, 57. 
92; characters. 210 

Polemoniaceae, distribution of, 171 
Pollard Willow flora, 12 
Polyphyly, 11, 47. 105 
PamaderrlS apetala, distribution. 67 
Pont-de~Oaii flora, 137, 148, 146 
l)rediction, 66, 76. 87,280 
.I'roJ<ress in knowledgc of geograpbical 

distribution, 3. 228. 229. Cf. 
I.imitin~ factor 

Rainfall, 41-4; distribution of, 43 
Rank and ran,2e, 105, 1 HI, 130 
Ranuttculu,<f, 153; distribution in 

New Zealand, 15S, 16a, 216, 220, 
239 

Rapid spread of introductions, 24, 
25.94 

Uayleigh, Lord, sa, 145. 152.212 
Regional extermination, 140 
Regression, 207 
Regular mechanisms for dispersal, 

]2-10 
Reid, Mrs H. M., 82, 137 
Relics, 8(;, 88, 93. 186, 192-..1. 199, 

216, 229, 231-3; explanation of 
endemism, 58-9. And cf. Dying 
out, Killin,e: out 

Ht'Servations in regard to age and 
urea, 6:~, 70 

Reversion, 207 
Ridley, H. N., 18, 151 
Rio de Janeiro climate, 4.'1 
Ritigala, and flora of, 14, 54, 55 
Riven; as barriers, 37 . 
Rubiaceae, logarithmic- curve, 241 

8t Helena. endemic flora,' 150;' 
$pread of introductions- in, 26 

Salsola Kali, distribution 'of, 49 
Schumacheria in Ceylon, distribution 

of ,1 59 
Scilly blands,distribution of dora, 70 
Scutt, II., 202 
Sea, dispersal by. 14-17; 8S barrier. 

36 
Seed, quantity of, necessary for 

transport to a distance, 32 
Senecioneae, 126, 128, 134 . 
Sequoia, fonnerly -of great dispersal, 

141 
Sinnott, E. W., 95; and Bailey, I. 

W,,46 
Size and space, 71, 74, 113 (chapter), 

115, 171-2, 174, 178. 18S? 188, 
190, 197~ 233; in Britain, 118; in 
Compositae.l82 ;in'Helobieae7 116 

Sizes of families in hollow ctQ"VeS, 

186; of genera in hollow curves, 
1740.178; of mutations, 2.15 
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S;;;;;;i;;: p~~i." 20, 27. 82. !W-2. 
2'lD 

Son lIS bamer or ,,"istau-ct' to 
spread. 38 

South Anlcrica. ('utiemiC'S of. 19U; 
monotypes and IU1).!(·r ~t·Ut·h\. 
188-~) 

S}JarU"a. spread of, ~o. 
Spt'CialisutlolJ of phmt. .... 49 (twit't,), 

50 
Spt"('if."s, best limitl'd when of ('Om

plt"x floral HUUt'.tUrt'. 217-.~; ('au!olr'~ 
favourilljZ or hmtlt'ring dIKJ)("n.uI. 
82; COl'lUlK'ncil'll! Ufe, 00; d~j)sljt· 
cIUlf8<>tc1'8 ulSuallv indittN·(·nt., 
224-6; disJwr!~al, 'd. I >ispcrslll ; 
('arly jpLinit1~ on Is«', 34: t·nd~m· 
isttlanQdistributioll,I4S; fun"Jlfl, 
introdu('tion and liprt·ad. 24: 
p;enl'ral ,temlllu('Jl("C'_ 207; linin,,: 
undt'T. cr. Hl'lit'S; If'l\st ('Ompl ... !'. 
thnt 81'(' most widel'\' distrHm\t'(i, 
21~: hwul. 50, 210: and rf. EII-

1.i:~.:s io ~~i~.t~~~;ftt'J.u~~~.t ~;:i~c; 
occupyin~ (w('rlapping Uf't'tl!l. :;;: 

of' lar~c gt'Jlt'nl uft.'n rf>semblt
varieti('S. 217; nllsmallt'r kr('Ul'> in 
~<,u('rol younIlCl'. ~{Ht; (In fumHJ 
or ~rt'IHlS in If)(~ul nunt~. 2:J7 -K: 
that varY mONt, 217. And d. 
J<':ndell:li(~sl'(.'Cies. Evuiutioll, Lt)('al 
adapfhti<JIl. Heli<'S. dc:;, 

Specific ('xtnmiuation, laS 
Splittin!;t of Linnean speck'S, 91'1 
Sports. 21 I . . 
Spread 'Of tntroductlOfi!!. 24: with 

alteration of cOllditions.. 25-6; 
often rapid, 27 

Stat1stica) treatment of gl'ographkaJ 
distribution. 6. "246 

SteWjlrt lBJand. 71. 72 
Stratiotefl, 8ucce&f'ion of 8J)C('it'.s. 1.&:1 
Struggle fur existence. 3<1. 148.2(16, 

210, 213. 220-1. 23M 
Successful and unsuccessful Spec1efi, 

55 . 
Sucression. 20, 51, 138 
Survival of species, 1402 
Swamping. 95, 18 
Systematist. the, 10], 105,217 

TaaJ volcano, revegewtJon 01, 16 
Taylor, S., M " 
Temperature changes as barriCl'8, 44 
Tertiary flora. 2, M. 69, 88, 137, '233 
Theory ot differentiation. 18. 108, 

105, 2".lI. 228 n., 240 
Tbiselton Dyer. W. T .• 49 

Thwai..,.. G. H. K .. 151 
Time ,fh'aUabh- tor C\wutfof, lind 

dispt'rsul. 33. 1-'5, 152, 21!l 
1'iIlwnttz, djl!lf't'rmd of. 1 i. :w 
Tll'C·. h.t\('t'lOtrld, tlf ~IlUtio nr f!lUlily. 

8Ur\'1Vi"~. 20. ::Uo'i!l(. :44, 
'l'l"t_'t'"fl. Ilf muluplt' oriJ,!in, ...... Altd 

cr. H\.rhs 
l'rt't"li. ~hnlbl'. flud h<'th!l, ..wi 
Trt'ub, M .• 15 • 
r,.ihtun;s alarrmlf'u .. i .... tlistrihuthm 

of.l!'i:.!. ~I!l 
TrimNI. 1I .. ,H·, ;lIj 
TriMti('hll-('(',u', di'l){'t"lolll of. Y:.! 
Tt'it~·'l(·~. lH."J 
Trul,it'a.l AIlII·rH·JI.«·luit'lIIh'lo.~nl·ruof, 

JJH~; .\!<in,t'lIdt"'fUf(·,I(rtlf'm(lt, JDo 
Tn)(' uf ,·(·,.tt'tlltinll, Ulo hluTh-r. r.t~t 

t ·,mllifXi forlll'" lint (·umlulmblt. 
, untlt''' 1t1!'(' htullu'('n, (~'J. H5, dO 

l sdc''''>! ('hllI'Ut,t.(.·.fM. 2tn' 

\'I\rja~hll n ('(·ntrifu1,.'ll1 fUf(,(, , 105; 
'raru'buO!~. «"Irn·llltt"(t. 2t,": nU»It 
('omnum ill ,llf'netll !ihnph.'lIt iii 
!'otrtlcttu'(', in 1'I1J{'l·j(·1<! of larj,f("r 
Ilf'»f'r~, ]lUll in witJe'7'8Ulliug 
sp('('if>!I, !l17 

\'('l{t'tnthm"l( uorthN'lI t\'(1(' In .s(~". 
~~~a~ul. ,to: tyPt' nr. 'atl harrier. 

\'('~etuti"'t, 1'('·(ll'fwluditlll, 10 

~::~:~t~~~~~;:'I~~~ 'l~j!l~ 
Vi~~~~;~lil, dislJCnmllllto, 12, , .... 1.1'), 

\'it,,1 rll~t(Jrs in dif<tribution. 2. 4-

Waift.It'&lc. ('limate."':1 

~:~;:1!~~~}.~1~!~= of, 4U 
Wcst Australia. ('ndemi,ljm in, J;M). 

HlIJ.170 
Wicken Fen floi'll. 285 
WideJt. 5D; ('udt'miCJ!l rle1Wt'nded 

{l'(.m. 61.74. 167, Vol!!, 239; tint 
to appear, 239; JnQ!lit widely (U •• 
triinJt:cd in u (_'()untry. 60; (It 
wide disp('nal. 84; oldest forms, 
61. 7~. 239 

\Videsp\oead genem.. :n 
""~illow. JJ4Alard, flora. 12 
Wind. ~ barrier, etc., 4.5: di.8penaJ 

hy,111--17 
WorM. endemic genera of. 178 
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