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DESCRI PTIVE OTE. 

T HE author gives us here a r eep at the wonderful 
history of t he kinds of animais which no longer 
exist on the surface of the globe in a li ving sta te , 
though once they flourished and held their own . 
Young and old readers will alike enjoy Prof. L an­
kester' s interest ing narrative of these strange 
creatures , sorne of which became exti nct milli ons 
of yea rs ago, others with in our own memory. T he 
author' s account of the find ing of tbeir extant 
remains, their probable habits and fu nctions of 
life, a nd their places in the world's long h istory, 
is illustra ted profusely from point to poin t, add ing 
great! y to the en tertainment of the story. 

N rrt11 •r p : 11 
• •• \Ve give the book a bearty wei come, fee l­

ing sure that its perusal will draw many young recruits to the 
a rmy of naturalbts, and many readers ta its pages." 

Th e Ti ·Hu•.(j : 11 There bas been published no book on th is 
subject cam bining sa successfully the virtues of accuracy and 
att ractiveness . . . Dr. Lankester•s methods as an expositor 
a re well known, but they have never been more pleasantly 
exemplified than in the present book." 

T h P A l h P11 œ uu' : ••Examples of Ext inct Animals and 
thei r living representatives Professer Lan kester bas descr ibed 
wilh a masterly band in tbese present pages." 
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DESCRIPTION OF THE FR NTISPIECE 

The upper ligure is from a cast of the celebrated specimen found 
in a river g ra,·el in Java, probably of as great aae as the palœolitbic 
grave! of Eu rope. Though rightly to be regarded as a 'man '- the 
creature wbicb possessed th i skull bas been giveu the narne • Pit!tcetw­
t!tropus.' The shape o f the cranial dome d iffers from that of a well­
developed European hu man skull (shewn in the lower pbotograpb, tbat of 
a reek sku ii J in the same feature as do the very aucient prebistoric 
skulls from the Belgian caves of Spey, and from the Neandertbal of the 
Rhineland. Tb ese differences a re, however, measurably greater in the 
Javanese ku !l . 

The tbree great features of d ifference are: (r ) the great size of the 
eye-brow ridges (the part below and in front of A in the figu re ) in the 
J ava skull ; (2) the rnucb greater relati,·e heigbt of the midd le and back 
part of the cranial deme (! ines c aud /) in the Greek skull; (3) the mucb 
greater prominence in the Greek sknll o f the front part of the cran ial dame 
-the prefrontal area or frontal 'bo s ' (the part in front of the li ne AC, 
the depth of which is shewn by the li ne d) . 

The parts of the cranial cavity thns obviou ly more capac ious in the 
Greek skull are precisely those which are small in the Apes and overl ie 
those convol utions of the brain whicb have been specia lly developed in 
Man as campa red with the highest Apes. 

The line AB iu botb the figu re is the opbryo-tentoriai li ne. It i 
drawn f1·om the opb ryon (the mid-point in the line drawn ac ross the 
narrowest part of the frontal be ne ju t above the eye -brow ridges), which 
corr sponds externally to the mo L an terior limi t of the brain, to the 
extra-tentorial J::Oint (between the occipital ridges) a11d is pract ically the 
base li ne of the cerebrum. Th e Ji nes e and fa re perpendiculars on this 
base line, the fi rst balf-way between A and B, the eco nd half-way between 
the first and the extra-tentorial point. 

i the point known to craniologists as 'bregma,' the mee ting poin t of 
the frontal and the two parietal boues. 

The Jine AC is drawn as a traight line joining A and C- but if the 
skuJ I is accurateiy posee] it corre ponds to the edge of the plane at right 
angles to the ag ittal plane of the sk ull -wbich traverses botb bregma (C) 
and ophryon (A)- and \\'here it • cu ts ' the sku ll marks off the prefrontal 
area or bo. s. ( ee for the full-face view of th is a rea in the twoslmlls- Figs. r 
and 2.) The Jine dis a perpendicu lar Jet fall from the point of greatest 
prominence of the prefrontal area on to the prefrontal plane. lt indicates 
the depth of the prefrontal cerebral r gion. Dra wu on beth sides on the 
surface of the boue and looked at from iu front (the white dotted line in 
Fig . r and 2) it gives the maximum bread tb of the prefrontal a rea . 

By dividing the oph ryo-tentorial li ne into rao units, and nsing !bose 
units as meas ure , the depths of the brain cavity in the regions plumbed 
by th e !ines d, e, and j, cao be expressed num rically and their d iffe re nces 
in a serie of skulls statecl in percentage of the opb ryo-tentorial lengtb . 
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PREF CE 

T111s little volume is fonnded on titree disconrses wltich I have 

sliglttly 7llodijied fol' the present pnrpose, and have endeavonred 

to render interesting by the introdnction of il/nstrative proccss 

blacks, wlticlt are describcd snfliciently fnlly to form a large exteusion 
of the original text. 

The first, entitled 'Natnre's Insurgent Son,' fonmd, 1111dcr 

nnollter title, tite Romanes lecture nt Oxford in rgos . Its object 

ù to exhibit in brief the 'Kingdom of Man,' to sltew that the1'e 

is mtdue neglect in the taln'ng over of that possession by mankind, 

and to urge upon onr Universities the duty of acting the leading 
part iu removing tlwt neglect. 

Tite second is an acconnt, which served as the prestâenfial 

address to the British Association at York in rgo6, of the progrcss 

made in the /ast qum'ter of a centmy towards the assnmptiou of 
his l<ùtgsltip by slowly-moving M nit. 

Tite third, rcpriuted from the Quarterly Heview, is a more 

detailed acco-ltltt of recent attempts to deal wit!t a terrible disease­

the leeping iclmess of tropical Africa.-and fumishes nu examp!e 

of one of the imtumerable dù,ections in wlzich Man brings down 

disaster on his head by l'esisting lite old rule of selection of tite fit 

and destruction of the mtfit, and is painfnl!y forced to the concl1tsion 

that lmowledge of Nature must be sought and control of !ter proccsses 

eventnal!y obtained. 1 am glad to be able to sfate that as tt 1'esnlt of 

tite 1'epresenta.tious of tite Tropical Diseases Committee of tite Royal 

ociety, and, as 1 am told, in some measltl'e in consequence of the 

explmtafion of the state of things given in this essay, fimds have bem 

provided by flte Colonial Office for the support of a professorsltip of 

Xl 



Xl i Pf-tEFACE 

Protozoology in the U11ivcrsity of London, to wlziclz Mr . E . A . 
Nlinchin lws been appointed. If is recognized thnt tlze on/y 1iln)' 111 

wlziclz wc cm1 hope to deal effectunlly witlz such disenses as fize leeping 
Siclwess is by n grently incrcascd lmowledgc of the ltnfu re and 

life-lzistory of !Ize parnsitic P.rotozon wliich producr tlz ose diseases . 

I lzave fo thnnli Mr. jo/zn Murray for per111ission fo reprint 

fiz e article 0 11 Sleeping Sickness, and 1 a111 also grcafly indcb fed 

to scientific co//engues for assistance in tlze snn•ey of proguss givcn 
in fize second discourse. ll111 011gst tlzcse J desire cspecially to 

mention 1\lr. Frederick Soddy, F.R . . , Prof. H . H. Tumtr, 
F.R .S ., Prof. ydney Vines, F.R .S ., Mr. MacD ougnl of Oxford, 

and Prof. herrington, F.R.S. To Mr . Pcrccval L oz••cl! I owc 

my tlzaul•s for per111ission lo copy two of liis drm.,iugs of 111nr>, 
and to th e Royal Astronolllirn/ Society f or tlz e /onu. of !Ize slnr­

picl url' on p. go. 

E. R AY L .\;>;KESTER , 

f nllltnl')' , I 90 Ï· 



THE KINGDOM OF MA N 

HAPTE R I 

NATURE'S INSURGENT SON 

I. T HE ÜUTLOOI< . 

lT ha become more and more a matter of co nviction 
to me-and I beli eve t ha t I sha re that convic tion with 
a large body of fellow s tudents botb in this co untry 
and otb er civilized states-th a t th e time bas arrived 
when th e true rela tion of at ure to Man bas been so 
clearly asc rta ined that i t sho uJd be more generally 
known th an is at present th e case, and th a t this know­
Jedge sbo u]d form fa r more 1a rcre]y than it doe at th is 

moment, the abjec t of human ac ti vity and endeavour, 
-that it shouJd be, in fac t, the g uide of state­
governm ent, the t rusted bas is of the development of 
human comm un ities. T ha t it is not so a lready, that 
men bou]d still a11ow th eir energies to ru n in other 
direc ti ons, appea rs to sorn e of us a tbi ng so monst rous, 
so inj urious to the prosperity of ou r feJlow men, that 
we must do what lies withi n our power to draw 
attention to th e condi tions and circum stances whi ch 
a ttend this negJect, t he evils arising from it, an d t he 
benefits which must follow from its abatement. 

2 . T HE WORD t NATURE . ' 

The signification attached to the word ' Na ture' is 
by no means th e same a t t he present day as it bas 
been in the past: as commonly u ed it is a word of 

B 



2 
THE KI GDOM OF !liAN 

varied meanings and limitatio ns, so that misconception 

and confusion liable to be associa ted wit h it. By 
the p rofessed t udent of modern sciences it is usually 

understood as a name fo r the en tire mecha nism of 

the uni verse, the kosmos in ali its parts ; an 1 it is in 
this sense that 1 use it. B ut ma ny still identify 
'Nature ' with a li mited portion of that great system, 
and even retain for it a special application to the 

a nim ais and plants of this earth a nd their immed iate 
surround ings . Thus we h ave the t erm 'nat ural history' 
and the French term 'les sciences naturelles' limited 

to the study of the more immedia te a nd concrete form 
of animais , plants, and crystals . There is some justi fi ca­

tion for separating the conception of ature as speciall y 
concerned in the production and mai ntenance of livin g 

things from th a t larger Na ture which embraces, together 
with this small but deeply significant area, the whole 

expanse of th e heavens in the one d irection and Man 
himself in the other. Giordano Bruno, who a little 
more than 3 0 0 y ars ago visited Oxford and expo unded 
his views, was perhaps the fn st to perceive a nd teach 
the uni ty of th is greater Nature, an ticipating thus in 

h is propheti e vision the conclusion which we now 
acceptas the result of an accumulated mass of eviden e. 
Shakespeare came into touch with B runo' s conception, 
a nd h as contrasted the more limited a nd a larger (though 
not th e largest) view of Nature in the words of Perdita 

a nd Polyxenes . Says P erdita: -

. the fairest t1owers o' the sea on 
Are our carnations, and streak'cl gil\y vors, 
Which some call l'\ature·s bastards ; of that kincl 
Our ru -tic garden's barren ; and l care not 
T o get slips of them .. .. For l have hearcl it sail, 
There is an art which, in the ir pieclness, shares 

With great creating nature.' 



NAT RE' I UH.GEN T 'ON 

T o whi ch Polyxenes replies: -
,Sa y there be­

Y et nature is made better by no mean, 
Hut nature makes that mean : so, over that a rt, 
\\' hi ch, you say, add to natu re, is an art 
'l'hat na ture makes. Y ou see, sweet mai cl , we ma rry 
A gc ntlc sc ion to the wilclest s tock ; 
And make conceive a bark of ba er ki nd 
By 1 ucl of nobler race ; this i an ar t 
\ Vhich does mend nature,-cha nge it, rather : but 
The art itself i nature.' 

3 

The larger proportion of so-called educated people 
even a t the present day have not got beyo nd Perdita's 
view of at ure. Th y regard the terri tory of Na ture 
as a lim ited one, th e play-g round or sport of ail sorts 
of non-natura l demons and fa iri es, spiri ts and occult 
agenc ies . Apa rt from a ny clefini te scheme or concep­
ti on of th se opera tions, they p rsonify Nature a nd 

attribute a vari ety of virtues and tend encies to her for 
whi ch th ere is no justifica tion. \Ve are told , accordi ng 

to th e fancy of the peaker, that such a course is in 
accord a nce with Nature ; that a nother course is con­
tra ry to Nature ; we are urg cl to ret urn to ature an d 
we are a lso urged to res ist Nature . W e hear that 
Nature wil l find a rem edy for every ill , that 1 a ture i 
just, tha t Natu re is cruel, th a t 1ature is sweet and our 
loving motl1er. On the one ba nd Man is regarded as 
outside of a nd oppo ed to I a ture, and his dealings are 
contra ted favourably or unfavourably with those of 
Natur . On th e other ba nd we are inform ed that Man 

must after ail submit to Nature and th a t it is useless 
to oppose ber. These contradictory views are in fact 
fragm ents of various systems of philosophy of various 
ages in which the word ' I ature ' bas been assigned 
qually various limita tions a nd extensions. Without 

a tt m pting to discuss th hi tory and justification of 

B 2 



+ THE KI GD OM OF MA 

these d iffere nt uses of the word Nature, I think that 
I may here use the word Nature as indicati ng t he 
entire kosmos of which this coolin g globe with ail upo n 
i t is a portion. 

3· NATUH.E-SEAHCHERS. 

T he discovery of reg ular processes, o f expected 
cff cts foll owing upon spec ified antecedents, of constant 
properties and qua liti es in the material around him, 
has from the earlies t reco rded times been a chief 
occupati on of Man and has led to t he attainment by 
l\Ia n of an extraordinarily complex control of th e con­
ditions in wh ich his !ife is carried on. But it was not 
unt il Bruno's conception of the un ity of terrestr ial 
nat ure with that of the kosmos had com mended itself 
that a deliberate and determined invest igation of natural 
processes, wi th a view to t heir mo re complete appre­
hension, was instit uted . One of the earliest a nd most 
active steps in this direc tion was the found a t ion, less 

than 2 50 yea rs ago, of th e Royal Society of London for 
the P romotion of Natural Knowledge, by a body of 
st udents who bad organized thei r conferences and 
in qu iries wh il st resident in Oxford. 1 

1 The founclation of the Royal Society of London is most intimately 
co nnectee! with the Univers ity of Oxford. Dr. vVallis, an origin a l 
member, writes :-' 1 take its Ji rst ground and founclation to have been 
in London about the year 1 6~5 , when D r. \ Vilkins a nd other met 
weekly at a certa in clay a nd hour. . . . About the year 16+8-9 
some of ou r com pa ny were removecl to Oxford ; first Dr. \Vilkins, then 
I, and soon after Dr. Goddard. Tho e in London continued to meet 
there as bcfore (a nd we wi th th em. when we hacl occasion to be the re), 
a nd th ose of us at Oxford ; with Dr. \ Va rel ( in ce Bishop of Sali btii y), 
Dr. R a lph Bathur t (now Presiden t of T rinity College in Oxford), 
Dr. Petty ( ince Sir \ illiam Petty), D r. \Vi llis (then an emin ent phy­
sicia n in Oxford), a nd divers others, continuee! such meetings in Oxford 



NATURE'S 1 SURGE T SON 

Ali over 'N estern Eu rope such associations or aca­
demies for th e building up of th e New P hilosophy 
(as it was called here) came into existence. 1t is a fac t 
which is strangely overlooked a t th e pre ent day, when 
the a sumption is made that the acq uirem ent of a know ­
ledge of Greek grammar is th e traditionaJ and imme­
moria l occ upa tion of Oxford studen ts-that until the 
modern days of the eighteenth centu ry ( 'modern ' in 
th e his tory of Oxford) Greek was Jess kn own in Oxford 
than Hebrew is at present, and tha t the study of a ture 
- atu re-knowledge and Nature-control-was the appro­
priate occupation of ber learned men. It is indeed 

a fact that the very pecu liar classical education at 
present insisted on in Oxford, and imposed by her on 

th e p ublic schools of the co untry, is a modern in nova­
tion, an unintentional and, in a biological sense, 'morbid' 
outgrowth of that 'H umanism ' to which a fam iliarity 
witb th e dead langua o-es was, but is no longer, the pathway. 

5 

4 · THE DocTRINE OF EvoLU TION . 

\ Vhat i sometimes ca!led the scientific movement, 
but may be more appropria tely described as the Nature­
sea rching movement, rap idly a tta ined an Immense 

and brought those studies into fa hion th ere ; meetings fi rst at 
Dr. Petty's lodgi ngs (in a n a pothecarie' bouse) becau se of the con­
venience of inspecti ng drugs a nd the like, as tbere was occasion ; and 
after his remove to Irela nd (though not so con tantly) a t the lodgings of 
Dr. \Vilkins, thcn \ Va rden of \ Vad ham College, and after his removal 
to Trin ity Colleg-e in Cambridge, at the lodgings of the H onourabJe 
Mr. R obert Boyle, then residen t for divers years in Oxford. . . . I n 
the mean wh ile our company a t Gresham Co liege being mu ch again 
increased by th e acce sion of divers eminent a nd noble persons, upon 
hi Majes ty's retu rn , we were (a bout the beginning of the year r662) by 
hi Majes ty's grace and favour in corporated by the name of the Royal ociety .' 
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development. ln the lat ter hal f of th e last century 

this culminated in so complete a knowledge of the 
moveme nts of th e heavenly bodies, th eir chemica l 
na ture a nd physical cond ition-sa detailed a determin a ­
ti o n of the history o f the cru t o f this earth a nd of the 
livin g th in gs upon it, of the chem ical a nd phys ical 

processes " ·hich go on in Man a nd other living thin gs, 
a nd of th e structure of Ian as compared with the 
a nima is most like him , and of the enormous leng th of 
tim e durin g wh ich i\I an bas existed o n the earth- th at 
it became possible to es tab li h a genera l do trine of 
the e,·oluti on of the kosmos, \\" ith more special detail 
in regard to the history of t h i earth and the develop­
ment of i\ Ian from a lower animal ances try. An imais 
were, in their turn, shown to have developed from 
implest li,·ing matter, and thi from Jess hi ghly 

elaborated compoun ds of chemical 'elements' differen­
tiated at a still earlier stage of evolution . There is, 
it may be said with out exaggeration, no school or body 
of thinkers at the present day who are acquainted 
with the fact now ascerta ined , whi ch denies the 
ord er ly evolu tion of the kosmos by the regul ar opera­
tion of a more or Jess com pJetely ascerta ined series of 
pr perti es resident in the mater ial of which it con ist s.1 

The proces of e,·olut ion - the interaction of these 
ascerta in able, if not full y ascertained properties- has 
led (it is held), in the case of the coo ling cinder which 
we cali th e earth-by an inevitab le a nd predestined 
course-to th e formation of that which we ca l] living 
matter and eventually of i\I an himself. From this 
process ail disorderly or a rbit rary interferences must, 
it seems, be excluded. The old fancies as to presid­
ing demons or fairies--which it was imagin ed had for 

1 See, howevcr, the lcltcr from the Times. rcprin tcd on p. 62. 
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their business to interrupt the supposed feeble and 
limited efforts of r a ture, as yet un explored and un­
appreciated-have passed out of mind . The cons nsus 
is complete: Man is held to be a part of ature, a 
produd o5 the de finit e and ord rly evolution which is 
universal; a being resulting from and driven by the 

one great nexus of mecha nism which we caU Nat ure. 
H e sta nds alone, face to face with that relentless 
mechanism. It is his d sti ny to understand and to 

co ntrol it. 

5· UwvVARRANTED I JFEREN CE S F ROM TH E 

Evo LUTION OF MAN. 

There are not wanting tho e who, acceptin this 

conclus ion, seek to bel ittl Man a nd endeavour to 
represent that the veil is lifted, that al! is 'ex.plained' 

obvious, co mmonplace, a nd mean in regard to the 
significance of !ife and of Man , because it bas become 
clear that the kosmic process ha brought them forth 
in due orcier. There are others wh o rightly perceive 
that life is no common property of our cooling matter, 

but un ique and exceptional , and tha t Man stands apart 
from and above all natural products, wheth er animate 
or ina nim ate . Sorne of these thinkers a ppear t o 
accept the conclusion that if life and lVI a n a re regarded 
as prod ucts of the kosmi proces -that is, of a ture 

-' !ife' and ' Man' !ose so much in importance and 
significance that dire consequences must foll ow to 
Ma n's conception of h is dignity and to the essentia l 
features of hi s systems of co nduct and social organiza­
tion. Accordingly they cling to the belief that living 
matter a nd Man have not proceeded from an orderly 

evolution of ature, but are 'super' natural. It is 
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found on the oth er band, by many who have considered 
t hese speculation , and hold no Jess explicitly than do 
the ' supern a turalists' that !ife is a momentous a nd 
peculia r featu re of ou r car th 's surface a nd Man t he 
isola ted a nd unparalleled 'piece of work, ' ' t he bea uty 
of t he world ,' ' t he paragon of a ni mais '-it is foun d 
by man y such, I say, t hat no thi ng is ga in ed in regard 
to our conce pti on of Man 's nobil ity a nd signi fican ce 
by supposing tha t he an d the living matter which bas 
given ri se to him , a re not the outco me of that system 
of orderly process whi ch we call Nature. 

T here is one considerat ion in regard t o th is matter 
whi ch, it seems, is often overlooked a nd hould be 
emphas ized . I t 1s omet imes-an d pe rhaps wi th a 
suffi cien t exc use in a want of acq uain ta nce with Nat ure 
- held by those who oppose the conclusion t hat Man 
has been evolved by nat ural processes, that t he p ro­
duct of Nat ure are arbit rary, haphazard , a nd due to 
chance, and that Man cannat be conceived of as 
orig inating by cha nce. T hi s not ion of ' chance' i 
a m isleadi ng fi gment inheri ted by th modern worl d 
from da ys of bla nk ignorance. The 'N a t ure- searchers ' 
of t o-cl ay adm it no such possib ility a ' chance .' It 
will be in the recollection of many here, that a lead­
ing writer a nd investigator of th e Victoria n E ra, t he 
phys icist J ohn Tyndall , pointed ou t in a celebra ted 
add ress deliv red a t Belfast that accordi ng to the con­
ceptions of t he m chanism of Na ture a rr ived a t by 

modern science-t he struct ure of th at mecha nism is 
such that it would have been possible for a being of 
adeq uate intelligence inspecting the gaseous nebula from 
whi ch our planeta ry system bas evolved to have fore­
seen in that lu min ous vapour t he Belfast a ud ience a nd 
t he professor acldressi ng it! 
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The fallacy that m gtven but un known ci rcum­
stances anything whatever may occu r in spite of the 
fact th at so rne one thi ng has been irrevocably arranged 
to occur, is a common one 1• It is correct to assume 
in the absence of any pertinent knowled ae (if we are 
compelled to es tim ate t he probabilities) tha t one event 
ts as likely as another to occu r ; but neverthele s 
there is no 'chance' in the matter s ince th e event bas 
been already determined, an d might be predicted by 
those pos5essing the knowledge which we Jack. Thus 
then it appears that t he conclusion that Man ts a 
part of a ture is by no means eq uivalent to a serting 
that he has o rig inated by 'blind chance'; it is in 
fac t a specifie a sertion th at he is th e predest ined out­
come of an orderly-and to a la rae ex tent ' percept ible' 
-mechani sm .2 

1 There is a tendency among writers on Va•·iation, as affording the 
opportunity for the operation of Natural Selection, to a sume tha t the 
variations pre entcd by organisms are min ute va riations in every 
direction a round a cenb·a l point. Those observers who have done 
use fu l work in showing th e definite and limited character of organic 
varia tions have very generally a sumed that they are oppo ing a com­
monl y held opinion tha t variation is of thi equally di tributed character. 
I cannat find that Mr. Da rwin made any such assumption ; a nd it is 
certa in, and mu t on reflection have been recogn ized by a ll natura lists 
th at the variations by the selection and intensifica tion of which natural 
selection has produced distinct fonns or species, and in the course of 
ti me altogether new groups of plan ts and animais, are strictly limited to 
definite line rendered possible, and alone possible, by the constitution 
of the hving matter of the parenta l organ i m. \ Ve have no rea on to 
suppose that the offspring of a beetle could in the cou r c of any numb r 
of generations pre ent variat ion on which election cou id operate so as 
to cv ntua lly produce a mammalian ve•tebrate ; or that, in fact, the 
general re ult of the process of selection of favourable variations in the 
past has not been ab ùlitio limited by the definite and restricted po i­
bilities charact ristic of the living substance of the parental organisms 
of each d ivergent line or branch of the pedigre . 

~ See p. 6~. 
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6. AT URE' MoDE oF PRoDucrNG ÜRGAN I C 

FORi\IS. 

The general process by which the higher a nd more 
elaborate fo rms of !ife, and eventually man himself, have 
been produced bas been shawn by Darwin to depend 
upo n two important properties of livin g matter mani­
fested in connexion with the m ultiplication of in d ividuals. 

Livin g matter has a special property of addi ng to its 
bulk by t aking up the ch mical element which it re­
qu ires and building up the food so taken as additional 
living matter. It fu rther has the power of separatincr 

from itself minu te particles or germs wh ich feed and 

grow independentl y, and thus multiply their kind . It i 
a fundamen tal character of this process of rep roduction 
th at th e detached or pullulated germ inherit s or carries 
with it fro m its parents the peculia ri ties of form a nd 
structure of its parent. Th is is the property know n as 
Heredity. It is most essentially mod ified by anoth er 
property- namely, that th ough eve ntuall y g rowin g t o be 
closely like the parent, the ae rm ( specially when it is 
form d, as is usual, by the fusi on of two germs from 
two separate parents) is nev r identical in ail respects 
with the parent. It shows Vari ation . In virtue of 

H eredity, th e new congenital variatio ns show n by a new 
generat ion are transmi tted to thei r offspring when in 
due tim e they pul lulat or produce germs. Man has 
long be n aware of th is; and, by se\ect in g variat ions 

of beasts, b irds, or plan ts agreeable or useful to him, 
has intensified sncb variations a nd produced animais and 
plants in many features ve ry unlil e th ose with which he 

started. 
It was Darwi n's merit to sh ow that a pro ess of selec-

tion whi ch he called 'Natural Selection' must take place 
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tn the free untouched cond itions under which a nimais 
a nd p la nt exist. a nd have ex isted for acres, on thi s globe. 
1:3oth a nimais a nd plants prod uce germs, or yo uncr, in 
excess-u ua lly in vast excess. The world, th e earth ' 
surface, is practically full , that is to say, fully occ upied . 
Only one pair of young can crrow up to take the place 
of the pai r-male a nd female-which have la unched a 
dozen, or it may be as many as a hundred th ousan d, 
young individuals on the world. The property of Varia­

tion ensures tha t a mongst this exce s of young there are 
ma ny differences . Even tu ally those survive which are 
most fi tted to th e special co nditions under which this 
particular o rganism bas to live. The condi tions may, 
a nd indeed in long lapses of ti me mu st , cha nge, and 
thus so rn e variation not previously favoured will gain 
th e day and survive. The 'st ruggle for existence' of 
Darwin is th e struggle a mongs t ali the superabundant 

young of a given species, in a g iven area, to gain the 
necessary food, to escape vo racious enemies, a nd gain 

protect ion from excesses of beat, cold , moisture, a nd 
dryness . One pair in th e new aenera tion-only one 
pair- survive for every pa renta l pa ir. Animal popula­
tion does not increase : 'Increase a nd multiply ' bas 
ne ve r been said by Na ture to ber lower creatures. 
Loca lly, a nd from time to time, owing to exceptional 
cha nges, a species may multiply here a nd decrease th e re; 

but it is important to realize that the 'struggle for 
ex i tence' in a ture-that is to say, a mong th e anima l 
and plants of this earth untouched by man-is a 
de perate on e, however trang uil a nd peaceful the battle­
fi eld may appear to us . The struggle for existence 
takes place, not as a el ever French writer 1 glibly informs 

1 i\I. Paul Bourget of the cad émie F rançai e, is not onl y a charming 
wri ter f modern ' novel ,' but claim to be a 'p ychologist,' a title 
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his readers, between d ifferent species, but bet ween indi­
viduals of t he sam e species, brothers a nd s isters a nd 
co u ins . T he struggl e bet ween a beast of pr y vvhich 
eeks to nourish itsel f and t he buffalo which defends 

its !i fe with its horns is not 'the struggle for existence · 
so named by Da rwin. Moreover, th e str uggle a mon a 

the members of a species in natura l con ditions differs 
tota lly from the mere struggle for adva ncement or wealth 

whi ch perhaps may be conceded to e very a uthor who \Hites of human 
character. His work are so deserved ly esteemed, and hi erudition is 
as a rule, o unassailable, thal in selecting him as a n example of t he 
frequent misrepre entation, among literary men, of Danvin ·s doctri ne, 
1 tru t that my choice may be regard ed as a tes timony of my admirat io n 
for his a rt. ln his novel U 1t D ivorce, pu bli hed in 190-1, M. Bou rget. 
a ys : ' La lutte entr les es pèces, cette inflexible lo i de l'uni \·er an!mal , 

a sa correspondance exacte da ns le monde des idées. Certaines m en­
talités constituen t de vérita bles espèces intellectuelles q ui ne peuvent 
pa d urer à côté les unes des aut res' (Edi tion Plon, p. 317). Th is in­
fl exible la w of the a ni mal univer e, t he st ruggle between pecie , is on 
whi ch is q uite un k nown to zoologists. The' struggle for existence.' to 
which Darwin assigned importance, is not a struggle between di ffe rent 
species, but one between closely imi lar mem bers o.f tite same species . 
The struggle between species is by no means uni vers al, but in fact ve ry 
rare. The preying of one species on another is a moderated affa ir of 
bala nce a nd adj u tmen t which may be described rather as a n accommo­
datio n lha n a a struggle. 

A more objec tionable misinterpretation of the natu ra lis l ' doctrine 
of the su rvival of the ti ttest in the strugg le for exi tence is tha t made 
by journali sts and literary pol itician s, who decla re, accorcl ing to their 
political bias, either that cience righll y l eache that the g ross q ua li ty 
measurerl by wea lth and strength alone can survive a nd shoulcl there­
fore alone be culti vated , or that science (a nd especia lly Darwi nism) has 
clone scrious injury to the progre s of m a nki nci by authorizing th is 
teaching. Both are wrong, a nd owe th eir error to sel f-satis fied Aippa ncy 
a nd trad itional ig norance in regard to nature-knO\\·ledge a nd the teach­
i ng of Darwin . The ' fittest' does not mea n the ' st rongest.' The 
ca use of su rvi\·al under Natural Selection a re very fa r indeecl from 
be ing rightly descri bed a mere strength, nor are they baldl y similar to 
the power of accumulati ng wealth. Frequent ly in Talure the more 
ob cure a nd feeble urvi\·e in the struggle because of the ir moclesty a nd 
su ita hility to given cond ition , whilst the rich are sen t empty away and 
the mighty perish by hu nger. 
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with which un educated writers so freq uently compare 
it . It differs essen ti ally in this-th at in ature 's struggle 
for ex is tence, death, immediate oblitera tion, is the fate 
of the vanq uished, whils t the only reward to th e victors 
- few, very few, but rare and beautiful in the fitness 
which bas carried them to victory-is the permission 
t o reprod uce the ir kind- to carry on by heredity to 
another generation the specifie gualities by wbich they 
t riumph ed. 

It is not genera Il y realized how severe is the p res­
s ure and competition in Na ture-not between different 
species, but between th e immature populat ion of one 
and the same species, preci ely because they are of the 
same species and have exactly the same needs. From 
a human point of view the press ure under which many 
wild thin gs live is awful in its severity and relen tless 
t enacity. ot only are new forms es tablished by natural 
selec tion, but the old forms, when they exactly fi t the 
mould presented as it were for corn petit ive filli ng, a re 
maintained by th e same unremitting process . A dis­
tinctive quality in the beauty of natural productions 
(in which man deligh t ) is due to the un obtrusive yet 
tremendous slaughter of the unfit which is incessantly 
going on, and the absolute restriction of the privilege of 
pa rentage to th e happy few who atta in to the standa rd 
described as ' the fittest.' 

7· TH E LIMITED VARIETY OF 

PRODUCTS. 

ATURE'S 

The p rocess of development of an Imm ense variety 
of animal and vegetable forms bas proceeded in this 
way through cou ntless ages of geologie tim e, but it 
must not be suppo ed th at any and every conceivable 
form and variety bas been produced. There are only 
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two great diverging !ines of de cent from orig in al living 

matter-only the a nimais and th e plants. And in each 

of these th ere a re an d have been on ly a limited number 

of branches to the pedigree-sorne co ming off at a lower 

leve!, others at higher points when more ela borate struc­

ture bas been at t ai ned. It is easy to imagine g roups of 

both pla nts and animais with cha racters and st ruc tures 

\\"hich have never ex isted and never will exist. The 

limitation of the whole process in spite of its enormous 

duration in time, its g igantic output an d variety, is a 

strikin g and importa nt fact. Linnaeus a id, 'There a re 

just as many species as in the beginning the Infin it e 

Being created'; and the modern naturalist can go no 

furth er than the paraphrase of this , a nd mus t say, ' There 

a re a nd have been just so many a nd just so few va rie t ies 

of an ima l a nd vegetable struct ure on this earth as it 

was pos ibl e for the physical and c hem ical contents of 

th e till molten globe to form up to the hou r now 

reach ed .' 

THE EMERGEN CE OF 1\1AN. 

As to how a nd when m a n emerged from the terres­

t ri a l a nimal popula tion so strictly cont rolled and moulded 

by natural selection is a matter upon wbich we gain 

furth er info rma tion year by year . There must be many 
here who remember, as I d o, t h e as tounding and a lmo t 

sud den discovery sorne forty-five years ago of abu nd a nt 

and overwhelmin g evidence tha t m an h ad ex is ted in 

W e tern Europe as a contemporary of t he mammoth 

a nd r hinoceros, the hyaena a nd the lion. The d ispute 

over the facts sub mitted t o the scientifi c world by 

Boucher de Pert hes was violent and of short durat ion. 

The im mense antiquity of m a n was established and 

accepted on a ll sides just bef ore 1Ir. Darwin pu blished 
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his book on T he Origin of pecies . The pal éeolithic 
implements, though not improba bly made rso,ooo year 
ago, do not, any more tha n do th e imperfect kulls 
occasionally found in assoc ia tion with them, indicate a 

co ndition of the human race mu ch more monkey-like thau 
is presented by ex isting savage races (see Figs . r and 2 

and F ro nti piece, a nd th eir expla nations) . The imple­
ments themselves are ma nufactured with great skill 
and a rtistic feeling . \ iV ithin the last ten years much 
rougher flint implements, o f pec ulia r types, have been 
di covered in gravels which a re 500 f et above th e 
leve! of the exist ing river (see Figs . 3 and 4) . These 
Eoliths of the outh of E ngla nd indicate a race of 

men of less-developed skill than th e makers of the 
P aléeo liths, a nd carry the a ntiquity of man a t least 
as far back beyo nd the Paléeoliths as these a re from 
th e p resent day . vVe have as ye t found no remain 
giving the direct basis for conclusions on the subj ect ; 
but judgin o- by the a na logy (not by an y means a 
co nclusive method) furn ished by the history of other 
large a nimais now living alonas ide of man- s uch as the 
horse, the rhin oceros, the tap ir, the wolf, th e hyaen a, 
a nd the bear- it is not improbable that it was in t he 
remo te period kn own as the lower M iocene- remote even 
as compar d with th e gravels in whi ch Eoli ths occur­
tha t a tura l Selection began to favour t hat in crease in 
th e size of the brain of a large an d not very powerfu l 
semi-erec t ape which eventua ted , aft er sorne hund red 
of t housand s of y ar , in the breeding-out of a being 
with a rela tively enor mo us brain -case, a skilful band , 
a nd a n invetera te tend ney to throw stones, fl our ish 
st icks, protect hims lf in caves, and in general to defeat 
ao-gre sion a nd satisfy his na tural appetites by the use 
of his wits ra ther than by strength alone-in which, 
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F I s. I AND 2 . 

Pbotographs of a front view of the two skulls shewn in profile in the 
front ispiece, taken so as to shew the bread th of the 'forehead' or pre­
fronta l area, which is seen to be very much greater in the Greek sku ll 
(Fig. 2) than in the Javanese Pithemnlhrofus (Fig. I}. The prefrontal 
area is marked out by a b lack dotted line, the out line of a plane (the pre­
frontal plane) which is at right angle to the sagittal plane and passes 
through the meeting point of the f rontal with the two parietal bones 
above; whilst below it passes through the median point called 'ophryon.' 
The plane of the picture is parallel with this prefrontal plane. The white 
dotted line give the breadth of the boss- like prefrontal area. lt is 
identical in position with the line d in the side view of the ame skull 
given in the frontispiece. The black dotted line is identical in position 
with the li ne A in th ose figures . The two pecimens are equally reduced 
in the photog raph. (Original). 

c 
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FIG . 3· 
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FJG. 3· 

Photographs of eigh t Eoli th of one and the ame shape, namely, with 
a chipped or worked tootb-Ji ke prominence, rendering the flint fit fo r u e 
as a 'borer '- photographed of half the ac tual size (linear rneasurement) 
from specimens fo uad near Jgh tbam, Kent, in the high-level g ravel ­
wbich fo rm part of the Prestwich co llection in the Natural Hi tory 
Mu eum, Cromwell Road, London. Many others o f the same shape have 
been found in the same locality. The e and the trinacrial implernent 
photographed in F ig. 4 are far olde r thau the oval and leaf-shaped 'paloeo­
liths ' of the low-lying g ravels of the valleys of the Tharnes, Somme, and 
other ri vers. (O riginal). 

c 2 
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FlG. 4· 



F!G, 4· 

Pb tog raphs of six Eolith s of the 'shonlder-of-m utton ' or 'trinacrial' fyP~hom <ho ~mo foc~i<y uod roHtt<ioo ~ <h~, •hm,, ;, F<g. 3-
Tho pho;og,·uph• "'of hoff fh o foogrh or <ho"'"'' 'P"'m'"'· A roo­
'"'"hio uom ho, of ""''"' fl<ur. of rh;, ''"""" •hupo h•~ b.., f""ud 
<u <ho " "'' ioc•li<y Pœ <biy <bo; , •h•po •~biod u,. '''"''""mou who 
' chipped' a nd used them to attach them by thongs to a tick or club. 

n, '""'"'" "•m '"'"'"'''' ,, '"""'"' by mo fm· "''" """ '" ~Jo <ou fo fho fo.m of •ho <•loud of SkHy wJ<kh <boy " •mhio. (Original). 

2I 
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however, he wa' not deficient. Probably thi' creature 
bad nearly the full ,ize of brain and every otber phy, ical 

character of modern man, although he bad not "' yet 
, tumbled upon the art of making fire by friction, nor 

converted hi' conventional grant' and groan,, his 
screarns, laughter , and interjections into a language 
corre,ponding ta (and thenceforth developingl hi' power 

22 

of thought. 
9· T HE ENLARGED BRAIN. 

The leadin g feature in the development and separa­
tion of man h om among't other animal' i' undoubtedly 

the relatively enormou' , ize of the brain in man, and 
the co<re'pond ing increa'e in it' activitie' and capacity. 
lt is a very striking fact that it was not in the ances­
to" of man alone that thi' increa" in the , ize of the 
b rain t ook place at this same period, viz. the Miocene. 
The great mammal' ,uch "' the titanothe<ium, which 

repre,ented the rhinocero' in early Tertiary time,, bad 
a brain which WO' in proportion ta the bulk of the body, 
not more than one-eighth the volume of the brain of 
the modern rhinocero' (,ee F ig. sl- Other great mammal' 
of the earlier T ertiary period were in the ,.me cO'e; and 
the ance'tor' of the ho"e, which are better known th an 
those of any other modern animal, cert ainly had very 
much ,maller brain' in proportion ta the ,ize of th ir 

bodies than has their descendant. 
We may well ask ta what thi' ,udden and marked 

increO'e in the ,ize uf the brain in ,everal line' of the 
animal pedigree i' due. lt ,eem' that the inborn 
hereditary nervou' m chani'm by which ma ny , impie 
and nece"ary movem nt' of the body are controlled 
and brought into relation with the outer world actin g 
upon the ,en,e-organ,, can be carried in a relatively 
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small bulk of brai n-substance . Fish, !izards, and croco­
diles with thei r small bra ins carry on a complex and 
effective life of rela tion with their surroundings. It 
appears that the increased bu lk of cerebra l subs tance 
means increased 'ed ucability '-an increased power of 
storing up individual experience-which t ends to take 
th e place of the in herited mechan ism with which it is 
oft en in an tagonism. The power of pro fitin g by indi­
vidual experience, in fact educability, must in con ditions 
of close competition be, when e ther conditions a re eq ual, 
an immense advantage to its possessor. It seems that 
we have to imagine that the adaptat ion of mammalian 
form to the var ious conditi ons of life had in Miocene 

A B 

F IG. 5· 

Four casts of the bra in-ca vit ies of a series of large Ungulate Mamrna!s 
in order to shew the relati ve! y sma ll s ize of the cerebral hemispheres of 
the extinc t creature from which A is taken . 

A is that of Di11oceras, a huge extinc t Eocene mammal which was as 
large as a Rhinoceros; B is that of Hi ppopotamus; of H orse ; and D of 
Rhinoceros. 

times reached a poin t when fu rther alterat ion and 
elaboration of the va rious types, which we know then 
existed, could lead to no advantage. The variations 
presented for selection in the st ruggle for existence 
presented no advantage-the 'fit tes t ' had practically 
been reached, and was des tined to survive with little 
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change . Assuming such a relative lull in the develop­
ment of mere mechanical fo rm , it is obvious that t he 
opportun ity for those individuals with the most 'edu­
cable ' brains to defeat thei r competitors wou ld ar ise. 
No marked improvement in the instrumen t being possible, 
the reward , the triumph, the survival would fall to those 
who possessed most skill in t he use of the instrument. 
And in successive generations the bigger and more 
educable brains would survive and mate, and thus 
biager and bigger brains be produced. 

It would not be difficult (th ough not , perhaps, profit­
able) to imagine th conditions which bave favoured the 
cont inuation of this process to a fa r grea ter length in 
th e S imian li ne of the ped igree than in other rn am ma­
lian groups. The res ult is that the creature called l\Ian 
emerged with a n ed ucable brain of sorne five or six 
tim es the bulk (in proporti n to his size and we igbt) 
of that of any other surviving Simian. Grea t as is this 
difference, it is one of the most curious facts in the 
history of man's development that the bulk of hi s brain 
does not appear to have co ntinued to in crease in any 
very marked degree since early Palaeolith ic times. The 
cranial capacity of many savage races and of so rne of th 
most ancient human skulls is only a little Jess tha n th at 
of the average man of highly-c ivilised race. The value 
of the mental activities in vv hich primitive man diffcrs 
from the highest apes may be meas ured in som degre 
by the difference in the size of the man's and the ape's 
brain; but the difference in the size of the brain of 
Isaac Newton and an Australian black-fellow is not ll1 

the remotest degree proport iona te to the d ifference tn 

their menta l qualities . Man, it would seem, at a very 
remote peri od a ttained the ex traordin ary develop ment 
of brain which marked him off from the res t of the 
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animal world , but bas ever since been dev loping the 
power and qualiti es of th is organ without increasing 
its size, or mate ria lly a lterin g in other bodi ly features.1 

10 . TH E P ROGRESS OF MAN . 

The origin of Man by the process of Na tu ral Selection 
IS one chapter in man's histo-r-y ; another one begins 
with the considera tion of his further development a nd 
his diffusion over the surface of th e globe. 

The mental qualities which bave developed in Man , 
though traceable in a vague and rudimentary condition 
in sorne of his animal associa t es, are of such an unpre­
cedented power and so far domina te everything ls in his 
activitie as a living organism, that they have to a very 
la rge exten t, if not entirely, eut him off from the general 
opera tion of that process of atural Selection an d sur­
vival of the fittest which up to th eir appearance had been 
the law of the livin g world. They justify the view tha t 
Man forms a new depar ture in the o-radual unfolding 
of Nature's predestin ed scheme. Kn owledge, reason, 
self-con ciousn ess, will, are the attributes of Man. It is 
not my purpose to attempt to trace their development 
from lower phase of mental activity in man's an imal 
ancestors, nor even to suggest th e steps by which that 

1 A short d iscussion of this ubject and the introduction of the term 
'educabtlity ' was pu blishecl in a paper by me enti tlcd 'The Sig ni ficance 
of the lncreased Size of the Cerebru m in recent as com pared wi th 
extinct Mammali a,' Ci nquantena ire cie la Société de B10logie, Pari s, 

1899, PP· 48-s 1. 

lt has been po inted out to nte by my friencl Dr. ndrew , of the 
,eological Departmcnt of the ll ritish !l luseu m, tha t the bra in cav ity of 

the elephant wa already of relativeiy large ize in the Eocene member 
of that group, wh ich may be co nnectecl with the pers istence of these 
a nimais through sub equent geological peri ods. 
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development has proceeded. \ Vhat we cali the wi ll or 
vo lition of Man-a discussion of th e nature and lim ita­
tion of which would be impossible in t hese page and 
is happily not necessary for my present put-pose-has 
b come a power in Iature, an imperimn in impe1'io, which 
has profo undly modi fi ed not on ly man's own bistory but 
tha t of the whole liv in g world and the face of the planet 
on which he exis ts. N at ure's inexorab le disc ipline of 
dea th to those who do not rise to her standard-survival 
and parentage for those alone who do-has been from 
the earli est t imes more and more defin itely res isted by 
the will of Man . If we may for the purpose of analysis, 
as it were, extract man from the rest of I at ure of which 
he is truly a product and part, t hen we may say that 
Man is Nature's rebel. \Vh ere Nature says 'D ie!' Man 
ays ' I will live. ' ccording to the law previously in 

un iversal operation, Man should have been 1imited in 
geograph ical area, ki lled by extremes of cold or of hea t, 
subject to starvation if one kind of diet were unob­
tainable, and should have been un able to in crease and 
multiply, just as are his animal relat ives, withou t 1osing 
hi s specifie structure and acq ui ring new ph ys ical charac­
ters accord ing to th e requiremen ts of the new cond itions 
into wh ich he strayed-should have perished except on 
th e con diti on of becomi ng a new morphological 'species.' 
But man 's wits and his will have enabled him to cross 
rivers and oceans by rafts and boats, to cloth e himself 
against cold, to shelter himself from heat and rain, to 
prepa re an endless varie ty of food by fire, and to 
'increase and multiply' as no other a nimal without 
change of form , wit hout subm ittin g to the terrible axe 
of selec tion wielded by ruthl ess Nature over a 11 other 
living thing on this globe . And as he bas more and 
more obta ined this con trol over his surroundi ngs, he has 
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expanded that un conscious protective attitude towards his 
immature offspring which natu ra l selec tion had already 
favoured and es tabli shed in the an imal race, into a 
conscious an d larger love for his tribe, his race, his 
nationali ty, and his kind . H e has developed speech, 
the power of com muni cating, and above all of record­
ing and handi ng on from generation to generation his 
thought and knowledge. H e has formed communi­
ties, built cities, and set up empires. At every step of 
his progress man has receded furthe r and further from 
t he ancient rule exerci sed by I ature. H e has advanced 
so fa r and become so unfitted to the earlier rule, that 
to suppose that Man can 'return to Na ture ' is as un­
reasonable as to suppose that an adult animal can return 
to its mother 's womb. 

I n early tribal times natu ral selection still imposed 
the death penalty on failure. The stronger, th e more 
cunning, the better armed, the more co urageous tribe or 
family group, extermi nated by actual slaught r or sta rva­
tion the neighbouring tribes less gifted in one or all of 
th ese qualities. B ut from what we know of the history 
of warlike extermin ating savage tribes at the present day 
- as, for instance, the Masai of East Africa-it seems 
unlikely that the method of extermination-that is, of 
true natural selection-bad much effect in man's develop­
ment after the very earliest period. Union and absorption 
were more usual results of the contact of prim itive tribes 
than struggles to the death. The expulsion of one group 
by anotber from a desired territory wa more usual than 
the destruction of the conquered . In spite of th e fre­
quent assertion s to the con tra ry, it seems that neither 
the more ancient wars of mankind for conq uest and 
migration nor the present and future wars for commercial 
privilege have any real equiva lence to the simple removal 
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by death of the unfi t and the s urviva l and reprod uct ion 
of the fi t, which we know as Natura l Selection .1 

The s tandard raised by the rebel ma n is not that o f 
' fitn ess' to the cond itions proffered by extra-human 
nat ure, but is one of an ideal comfort, prosperity, and 
conscious joy in life- imposed by t he wi ll o f man and 
involving a cont rol a nd in important respects a subversion 
of what were Nat ure's methods of dealing wit h life before 
she had produced her insurgent on . The progress of 
man in the acquiremen t of th is con t ro l of Nature bas 
been one of enormous rapid ity wit hin th e his to rica l 
period, a nd wi thi n t he las t two centuries has led on the 
one band to immensely in creased fac ilities in th e appli­
cation of mecha nical power, in locomotion, in agric ulture, 
a nd in end less a rts a nd indu str ies; and on the other ba nd 
to the mit igat ion of disease a nd pain. T he men vv hom 
we may designate as ' the Na t ure-searchers ' - t hose who 
fou nded the New P h ilosophy of th e I nvisib le College a t 
Oxford a nd t he R oyal Society in London- have placed 
boundless power in the bands of ma nkind . 

I I . TH E ATT Al Ni\IE T BY l\ I AN OF TH E KNO\V-

L E DG E OF H IS R ELATI01 TO NATURE . 

B ut to many the greatest resul t ach ieved by t he pro­

gress of Nat ural Knowledge seems not to have been so 

1 Jt would be a n error lo mainlai n th at the process of Natura l Selec­
ti on is entirely in abeyance in regard to i\ la n. ln a n interesting book, 
Tite P resent E'vol11iion of .lian, Dr. Archda ll Reid has s hown that in 
regard to zy molic disea es, a nd a lso in regard to th e use of da ngerous 
d rugs uch as alcohol a nd opi um, there is first of alJ the acqui rement ol 
immunity by powerful races of men through the sm·viv a l among them 
of those stra in tolera nt of the di ease or of the clru g. a nd secoi1cl ly, the 
introdu ctio n of those di eases and drug by th e powerful immu ne race, 
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m uch in its practical applications and its materia l gi fts to 
humanity as in the fact that Ma n has arrived through it 
at spiritual emancipation and freedom of thought. 

In the latter part of the last century man's place m 
Nature became clearly marked out by the accumulation 
of definite evidence. The significance and the im­
measurable importance of th e knowledge of Iature to 
philosophy and the highest regions of speculative thought 
a r expressed in the lines of one who most truly a nd with 
keenest insight embodied in his imperishable ver e the 
wisdom a nd the aspirations of the Victorian age :-

' Flower in the cra nnicd wall, 
I pluck you out of the c ra nnic : 
1 holcl you hcre, root and a il, in my ha nc! 
L ittle Aowcr-but if J coulcl unclerstand 
W hat you are, root and ali , and a li in a li , 
1 houlcl kno w what Gad and man is.' 

To many the nearer approach to that 'understanding' 
has seemed the a reatest and a sufficient result of scientific 
researches. The recognition t hat such an understandin a 
leads to such vast kn owledge would seem to ensure furthe r 
and combined effort to br in a it nearer and nearer to the 
complete form, even if the perfect understand ing of th e 
'all in all be for ever un attainable. everth eless, the 
clearer apprehension, so recently attained, of man's origin 
and destiny, and of the enormous powers of which he 
has actually the co ntrol, has not led to any very obvious 
change in the attitude of responsible Leaders of human 
ac tivity in the great civilized communitie of the world. 
They st ill attach little or no importance to the acqui re­
ment of a knowledge of Nature : they remain fi xed in the 

in its migrations, to rac s not previously exposcd eithe r to the di sea es 
or the drugs, and a consequent destrLJction of the invaclecl race. The 
survival of the fittest i , in these case , a survival of the tolerant and 
eventually of the immune. 
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old ruts of traditional ignorance, and obstinately turn 
their faces towards the past , still believing that the 
teachings and sayings of a ntiquity and the contemplation, 
not to say the detailed enumeration, of the bl unders and 
crimes of its ancestors, can furnish mankind with the 
knowledge necessary for its future progress. The compara­
tive fa ilure of what may be called the spec ulative triumph 
of t he New Philosophy to produce immed iate practical 
consequences has even led sorne among those prejudiced 
by custom and education in favour of the exclusive 
employment of man's thought and ingen uity in th e 
delineation and imaginative resurrec tion of the youthful 
follies and excesses of his race, to dec la re that the 
knowleclge of Na ture is a fa ilure, the ew Philosophy of 
the N ature-searchers a fraud . T h us the well- known 
French publicist l\I. Brunetière has t aken upon himself 
to declare wh a t he calls the Bankruptcy of Science. 

12. T HE REGNU M Hüi\1INIS. 

As a matter of fact the new knowledge of Na ture­
the newly-ascertained capacity of man for a control of 

ature so thorough as to be almost unlim it ecl- has not 
as yet bad a n opport un ity for showing what it can do. 
A lull after victo ry, a letha rgie contentment, has to sorne 
extent followed on t he crown ing triumphs of the great 
Nature- searchers whose days were numberecl with the 
closi ng y ars of that nineteenth century which through 
them marks an epoch. o power has ca ll ed on man to 

a rise and enter upon the possession of his kingdom­
the ' Regnum Hominis' foreseen by Francis Bacon and 
pictured by him to an admiring but incredulou s age with 
a il the fervour and picturesq ue detail of which he was 
capable. And yet at this moment the mechanical diffi -
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culties, the want of assurance and of exact knowledge, 
which necessarily prevented Bacon's schemes from 
taki ng practical shape, have been removed. T he will to 
possess and administer this vast terri tory alone is wanting. 

13. MAN 's D E TINY. 

W ithin the last few years a n attempt to spur the will 
of Englishmen in this direction has been made by sorne 
who have represented that this way lie grea t fortunes, 
national ascendancy, imperial domination. The effort 
bas not met with much success. On the other band, 
I speak for those who would urge the con cious and 
deliberate assumption of his kingdom by Man- not as a 
matter of markets and of increased opportunity for the 
cosmopolitan dealers in finance- but as an absolute duty, 
the fulnlment of Man's destiny,1 a necessity the incidence 
of whi ch can only be deferred and not avoided. 

This, is indeed, t he definite purpo e of my discourse ; 
to point out t ha t civilized man bas proceeded so far in his 
interference wit h extra-human nature, bas produced for 
bimself and the living organisms associa ted with him sucb 
a special state of things by his rebellion against natu ra l 
selection and his defi ance of Nature's pre-human dis­
positions, that he must either go on and acquire firmer 
control of the conditions or perish mi erably by the 
vengeance certain t o fa ll on the ha lf-hearted meddler in 
great affairs . vVe may indeed compare civilized man to 
a successful rebel against ature who by every step for­
ward renders himself liable to greater and great r penal­
ties, and so cannot afford to pause or fa il in one single 

1 'Religion means the knowledge of our destin y and of the means of 
fulfilling it.'- L ife and L et/ers of A/andel/ Creig!tton sometime Bis!wp 
of L ondon, vol. ii, p. 195. 
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ster . Or again we may think of him as the heir to a vast 
and magn ifi cent kingdom who has been finally educated 
so asto fit him to take possession of his property, and is 
a t leng th left a lone to do his best; he bas wil fu lly abro­
gated, in many important respects, the laws of his mothe r 
Nature by which the kingdom wa hit herto governed; he 
has gained some power and advan tage by so doing, but is 
threatened on every band by dangers a nd disasters 
hi therto restra ined : no retreat i po s ible- his only 
hop is to cont rol, as he knows t hat he ca n, the sourc s 
of these danger and disasters. They a lready make him 
wince : how long will he sit li tening to the fa iry-tales 
o f his boyhood and shri nk fro m ma nhood's ta k ? 

A brief considera tion of well-ascerta ined fact IS 

ufficient to show that Ma n, \Yhilst emanc ipatin o- him ­
self from the dest ruct ive method of nat ura l selection, 
has acc umulated a new ser ies o f dangers a nd clifficul ­
tie with v\'hich he must inces a nt ly contend. 

r + M A AND DrsEASE. 

I n the extra -human system of Nature there is no 
disease a nd there is no conjunction of incompa tib le 
forms of life, uch as Man has brought about on the 
surface of the globe . In extra -human ~ature the 
select ion of the fittest necessarily eliminates those 

diseased or liable to d isease. Disea e both of parasiti c 
and congenital origin occurs as a minor phenomenon . 
The congenitally d iseased a re destroyed before they 

can reproduce: the attacks of parasite great a nd small 
either serve only to carry off t he congenitally weak, a nd 
thus st rengthen the race, o r become ha rm less by the 
surviva l of t ho e individ ual wh ich, owing to peculia r 
qualities in their tissues, can tol erate such attacks \·vith-
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out injury, resulting in the establi shment of 1m mu ne 
race . It is a remarkable th ing-wh ich possibly may 
be les generally true than our present knowledge seems 
to suggest- that the adj ustment of organisms to tb eir 
surroundings is so severely complete in Na ture a pa rt 
from Man, tha t diseases are unknown as constant and 
normal phenomena under those co nditions . It is no 
doubt diffi cult to investigate this matter, since th e pre­
sence of Ma n as an observe r itself im pli es bu man inter­
vention. B ut it seems to be a legitimn.te view tha t 
every disease to wbicb anim ais (and probably pla nts 
a lso) are liab le, xc pting as a transient and very 
exceptional occ urrence, is due to Man's interference. 
The diseases of catt le, sheep, pigs, and horses, a re not 
known except in domesticated herds a nd those wild 
creatures to wbich Man's dom esticated product ion 
have commun icated th em. The trypanosome lives in 
the blood of wi ld game and of rats wi thout producing 
miscbief. The hosts have become tolerant of the 
pa ra ite. It is onl y wh en man bring his unselected, 
humanly-nurt ured race of cattle and horses into co n­
tact witb the paras ite, th a t it 'is found to have dead ly 
properties.1 T he va ri ons ca ttl e-d iseases which in Africa 
have do ne so rn ucb ha rm to native cattle, and bave in 

1 Th is bas heen es tabli shed in the ca e of the T rypa11osoma Bntcei 
a minute paras ite li vin g in the blood of big ga mc in south-east Africa, 
amongst which it is dissemin ated by a blood-sucking fly, the Glossina 
mm·sit a11s or Tsetze fly. T he paras ite appears to do little or no harm 
to the native big game, but causes a clcadly di sease both in the herses 
and cattle introducecl by E uropeans and in the more anciently intro­
clu ced nati e cattle (of lndian origin). imila r case are fo uncl where a 
di ease g-erm (such as that of mea le ) procl uces but a small degree of 
sickness and mortality in a population long associated with il, but is 
cl eadly to a h uman communi ty to whi ch it i a new-camer. Thus 
Europeans bave introduced measles with deadly results in the South 
Sea Islands. A similar k incl of cli ffi culty, of which many might be 

D 
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sorne regions ex terminated big game, have pcr contra 

been introduced by man throug h h is importation 'of 

diseased a ni mais of his own breed ing from Europe. 

?\Iost, if not a ll, animais in ex t ra- h uma n condit ions, in­
c luding th e minuter t hin gs uch as in ects, shc ll-fis h, 
a nd invisible aquat ic organ ism , have been bro ug ht 

into a condition of 'acljust ment ' to t he ir paras ites as 
well as to the o ther conditions in wh ich t hey live : it 

1 this most deli cate and effici ent bala nce o f Na t ure 

which Ma n every\Yh ere up cts . A solitary case of a 

ravag ing epidemi e constantl y recu rrin g a mongs t an imais 

livi ng in extra-human condi ti ons, one of a st ra ng !y 

interesting character, is t he phosphorescent clisease o f 

t he a nd-s hrimps or sand-h oppers . This is elu to a 
m ic roscopie pa rasi t e, a bac te rium, wh ich infes ts th e 

blood a nd is pho ph orescent, so tha t th e infec ted sa nd­

hopper has a t n ight the br il li a ncy of a glow-worm . 
T he disease is deadl y, and is commo n a mong the sand­
hoppers c],,-e]Jing in t he sandy fl a ts of t he north coas t 

o f France, where it may reacl ily be tudiecl. 1 It has 

citee\, is brought about by man's importations and ex porta tions of use ful 
plants. J 1 e th us brought the Phylloxera to Europe, not rea li zing be fore 
hancl that th is little parasitic b ug, thoug h ha rmless to the Ameri ca n 
vine, which puls out new shoots on il roots when the insect inju res the 
ole\ on s, is absolutely deacl ly to th e European vi ne, which bas not 
acqui red the simple but ali-important mode of g rowth by which the 
Amer ica n vine is rendered safe. Thus. too, he took the coffee-pJa nt to 
Ceylon, a nd found his plantations sudden ly devastated by a minute 
m oule\ , the 1/imileia 'l'asta /rix, "h ich bad livecl ,-e ry innocently before 
that in the Ci ngalese forests, but wa ready to bur t into rapacious a nd 
dest ructive act ivity when the new unadjusted coffee-trees " ·ere importee\ 
by ma n a nd presentee\ in ca re full y crowded planta tions to its unre­
strainecl infèction. 

1 Th e phosph orescent diseasc of the a nd-hopper (Talitrus) is de­
scribed by Ciard a nd Billet in a pape r entitl cd' b en ·at ion sur la 
maladie phosph orescente des Talitre et aut res Crustacés,' in the 
memoir of the Socié té de Hiolog ic, ct. 19, 1889. Billet subseque ntly 
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not been record d as occ urring in thi s co untry . It 1s 
not at a il improbable th at this d isease is a lso in truth 
one wbich only occ urs in the trait of man. It is qu ite 
likely tha t the a rtin cia l co nditions of sewage and gar­
bage set up by man on the sea -coast are r sponsible fo r 
the pre alence of thi s parasite, an d the weakly recep­
tivity of tb t ao num erou sand-hopp r . 

It is probable enoug h t hat, from t ime to tim , und r 
th e influ ence of certa in changes of clim ate a nd asso­
ciated fau na a nd fl ora-due to meteor ic or geologie 
movem nts- parasitic d isease bas ~ r a time ravaged 
this or tbat species newly exposed to it; but the fin a l 
result 1s on of the a lternatives, ex tinction or adj ust­
ment, death or to leration. Th e disea e does not estab­
lish itsel f as a courge again st which the disea ed 
organism in ces antly contends . It eitber obliterates its 
victim or settl es dawn vv ith it into relations of reciprocal 
tolera tion. 

Ma n does not admit thi a ltern ati ve either for him­
self or for the domesticated a nd cultivated organi ms 
which he protec ts. H e 'trea ts' d isease, he staves off 
' th e adj us tment by death ,' a nd thus accumulates vast 

gave a further account of thi organi m, a nd named it Bacillus ériardi 
-after Professor Gia rd of Pa ri . (Bulletins scienti fi ques de la Fran ce 
et de la Belgique, xx i. 1898, p. 144). 

lt appears that the parasite is tran mi tted from one indi viclua l to 
a nother in coit ion. The specimens studied by Gia rd a nd Billet were 
obtainecl at \\ imereux near Boulogne. I fou nd the di ease \'ery ab und­
a nt a t Ouistreham near Caen in the summer of 1900. 1 have not 
observee! it nor h.eard of its occurrence on the Engli sh coast. Sea­
water om monly conta ins a frec-liv ing phosphorescent bacte rium which 
can be cultivated in fla k of liquid food o as to give rich g rowths which 
glow like a lamp when the flask is agita ted so as to expose the contents 
to ox.idatior.. T his bacteriu m is not, howcver, the cau e of the 'phos­
phore cence ' of the sea often seen on our coasts. T'hat is clue in most 
cases to a much Jm·ger organism, a big a a mali pin 's head, and 
!<:nown as Noctz"lttca uzilim·is. 

D 2 
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populat ions of unadju ted human beings, anim ais and 
plants, wh ich from time to t ime a re ravaged by disease 
-producing uncerta inty and di may in h uman society . 
\ Vithi n th e past few years t he knowledge of t he causes 
of di sease has become so far advanced t hat it is a ma t­
ter of practical certainty that , by th e unst inted appl ica­
tion of kn own methods of investi aati on and conseque nt 
control li ng ac tion, ali epidemi e di sease co uld be 
abo li shed with in a per iod so shor t as fift y yea rs. It is 
merely a question of the employ ment of th e means at 
our command . Where there is one man of first-rate 
intell igence employed in detect ing the d isea e-produ cing 
parasi tes, their special conditions of life a nd t he way 
to bring them to an end, the re should be a th ousand. 
It shou ld be as much the purpose of civili zed govern­
m nrs to protect their ci t izens in t his respect as it is 
t o prov id e defence a gai nst h uman aggress ion. Y et i t 
is the fac t that th is immense ly important cont rol of a 
great and co nstant danger and inj ury to mank ind is 
left to th e unorganized inq uir ies of a few en th usias ts. 
So li ttl e is th is matter understood or appreciated, that 
th ose who a re responsible for the welfa re of States, 
with t he rares t exceptions, do not even know tb at 
such protection is possible, and others aga in a re so fa r 
from an intell igent view as to its importance, th at th ey 
actually entertain the opinion t hat it wo uld be a good 
thi na were there more disease in orcler to get rid of th e 

weakly su rplus population! 
In t he spring of rgos I was enab led to exa min e in 

the Pasteur Inst it ute in Pa ris, the min ute spiral thread 
(sce F ig . 6) which has just been discovered and sha wn t o 
be th e ca use of t he most terrib le and widely spreacl of 
human diseases, destroying the health and strength of 
th ose whom it does not kill and damaging the li ves of their 
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children, so that it has been justly said that th is malady 
and the use of alcohol as a beverage are together 
responsible for more than half th e disease and early 
death of th e mature population of Europe. For more 
than thirty years, a few workers, here and there, have 
been searcbin g for this parasite, and the means of sup­
pressing the aw ful curse of wbicb it is the instrumen t. 

a. 
b. c . 

h. 

e. 
FtG. 6 . 

T he minute vibra tile organism discovered by Fri tz chaudinn in 1905 
in the erupüve format ions and other diseased growths of syphilis-and 
called by him Spù•ochœta pallida (since a ltered ta Sfironema. pallidnm) : a, 
cam mon phase; b, shortened a nd thickened form leading on ta e the 
Trypanosoma- like form; c, d , stages of divis ion by fission; j , elongated 
multi-nuclear fonn ; g, segments into which it breaks up; h, supposed 
coujugation of male and female units (after Krystallovitch and Siedlevski). 

This organism, though resembling the spirillar for ms of Bacteria, is 
probably not one of that group of vegetable paras ites, but a llied ta the 
minute animal parasites known as Trypanosomes (see pp. 145 and 18r 
and figures .) I t is regarded as the · ge rm ' or ac tive cau e of the terrible 
disease known as Syphilis . 

It would have been discovered many years ago bad 
greater value been set on the inquiri es which lead to 
such discoveries by those who direct the public ex­
penditure of civilized States. And now the complete 
suppression of this dire enemy of humanity is as plain 
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a nd certain a piece of work to be at once accomplished 
as is the building of an ironclad. B ut it will not be 
done fo r many years because of the ignora nce and 
unbelie f of those who alone can act for t he co mmunity 
in such matters. T he discovery-the prese nta tion to 
the eye and to exploring manipulation-of that well ­
nigh ultra-microscopie germ of death, seemed to me, as 

I gazed at its delica te shape, a th ing of g reater s igni ­
ficance to ma nk ind t ha n the emendation of a Greek text 
or t he determin ation of th e exact degree of turpitude of 
a statesman of a bygone age. 

The knowledge of t he causation of disease by bac­
terial and protozo ic parasite is a thing which has come 

into ex istence, under our very eyes and bands, within 
the las t fifty years. The paras ite, and much of its 
natll re a nd history, has been d iscovered in th e case of 
splenic fever, leprosy, phthisis, d iph theria, typhoid fever, 
glanders, cholera, plague, loc k-jaw, gangrene, sep ti c 
poisoning (o f wounds) , puerperal fever, malar ia, sleeping 
sicknes , and sorne oth er diseases wh ich are fata l to 

man. I n some cases the knowledge ob tained has led 
to a control of the at tac k or of th e poisonous ac tion of 
the parasi te. Antiseptic su rgery, by de fea ting the 
poisonous parasite, has saved not onl y tho usa nds upon 

th ousands of lives, but has removed a n in calc ulab le 
a mount of pain. Control is slowly being obta in ed in 
regard to severa! others among these dead ly mi crobes 

in various ways, most wonderful of which is th e develop­

ment, under man's control, of se rum s conta in ing a nti­
toxins appropria te to each disease, which have to be 

inj ected into the bl ood as the means of either c ure or 
protec tion. But why should we be con tent to wait 
long years, even centuries, for this co ntrol, when we 

an have it 1n a few years? If more men an d abler 
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men were employed to study a nd experim ent on this 
matter, we sho uld soon make an end of all infectious 
disease. Is there any one, man or woman, who would 
not wi h to contribute to the removal from hum an li fe 
of the suffering and un certain ty due to dis ase, the 
angu ish and misery caused by premature death ? Yet 
noth ing is done by those who determine the expendi­
ture of the revenues of great ta tes towards dealin g 
adequately with t hi s matter. 1 

1 As little i the questi on of the use and ab use of food and drink lea lt 
with, a yet, by ci,•ili zecl man. A in ma ny other malters man ha 
carried into hi later crowdecl, a rt ificial, nature-controll ing !ife habits 
and tendencies derivee! from savage prehi to ric day o has he perpetu­
a ted ways of feeding which a re mere traditions from his earl y 'animal' 
days, and have never been seriously called in question a nd putto proof. 
The persi tence under new condi tions of either habit or tructure wh ich 
belongecl to old cond itions ma~· be attended wit h gr eat da nger and cliffi­
culty to a n organ ism whi ch cha nges, as man does, with great rapiclity 
important feature in its general surrouncling and mode of !ife. Thi s 
is in effect Met chnikofrs doctr ine of' dé harmonies.' lt i probable 
th at in very early ela ys \\·ben a tribe of pr imitive men killecl a mammoth , 
they al! rusbed on to the clead monster and go rg ee! as much of its Ae. b 
as they could swallow (cooked or possibly uncooked). Th ey bad to 
take in enough to last for anothet· week or two-that is to say, until 
a nother large an ima l sh ould be trapped and sla in. Accorclingly he who 
could eat rno t would be st rongest and best able to eize a good share 
wh en the next opport unity arrived, and it na turally became considerecl 

· a n indication of strength, vigour, and future prosperity to be capable of 
gorging large quant it ies of food. By means of the phrases 'enjoying a 
go cl appetite,' or ' a good trencherman, ' or other su ch approving te rm , 
civi lizecl society still encourages the beavy feeder. The lowEr clas es 
always con ider a ravenous appetite to be an indicat ion of trength and 
future prosperity in a chi id. ll .lost healthy men, and even many women, 
in \ Vestern E urope, a ttack their food and swallow il with out sufficicnt 
mastication, and as though they did not hope to get a nother chance 
of feeding ~ r a week or two to come. llledical men have never 
ventured to inves tigatc se ri ously whether civili zed man i doing best 
for bis health in behaving li ke a savage about hi s food. lt is thei r 
business to attend to the patient with a disorclered dige tion, but not to 
experiment upon the amou nt of food of various kinds wh ich the modern 
man should swallow in orcier to avoid indige tion and yet upply h is 
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1 s. Tr-IE I NCREASE OF H Ui\JA~ P oP LATI01 . 

\ VhiJst th ere is a certa inty of Man·s po'vver to remove 
alJ disease from his Jife, a diffic ulty which he has already 
created for himsel f will be tb ereby in creased. T ha t 
difficu]ty is the increase of human populati o n beyo nd th e 
capac ity o f th e earth 's surface to provide food and th e 

ot her necessities of ]ife . By rebe lJing against Na ture 's 
metb od, Ma n has made himse]f th e on ly ani ma] which 
constant ly increa es in nurnbers . \Vhenever disease is 
controlled his in crease will be st iJl more rap id th a n at 

a li menta ry needs. No indi1· idual can possibly pa y medica l men ta make 
th ese observations. lt is the busi ness of the State ta do sa, because such 
knowledgc is not on ly nccdcd by the priva te citizen, but is of enormou 
import a nce in the management of a nnies and na vies, in the victualling 
of ho pilais, asylums, and prisons. Thousand of tons of preservee[ 
meat ha1·e been wa ted in recent wars because the reckless and ignorant 
per ons who purchased the preseJTCd meat ta feed soldiers had never 
taken th trouble to asccrtain whether preservee[ meat can be eaten by 
a body of men as a regular and chief arti cle of diet. Jt appears that 
cert a inmeth ods of preserving meat render it innutritious a nd impossible 
as a die t. 

I t is probable from recent experimen t that we ali, except those un­
fortu nate few who do not get enough, eat abo ut Lwice as much as we 
r quire, and that th e superfluous quanti ty swallowed not only is wastecl, 
but is ac tually a cause of serious illn ess a nd suffering. lt su rely i an 
urgent matter th at thcse questions about food should be thoroughly 
invcstigatcd and settled . l n the opinion of the most em in ent physiolo­
gist of the nitcd States (Profe or Bowditch), wc sh a ll never es tablish 
a rat ional an d healthy mode of feeding our el ves until we g ive up th e 
barbarous but to sorne persans pleasant cu tom of converting the meal 
into a social fun ction ; we are thu s tempted into excess. Only long 
and extensive cxperiment can pro1·ide us with definite an d conclusive 
information on this matter, which is far more importan t th an, at first 
ight , it seems ta be. And similarly wi th regard to the admittcdly 

seriou question of a lco hol-only very cxtensi1·e and au thoritative 
ex periment will sufiice to show ma n ki nd whcthcr it is a wise and healthy 
thing to take it in small quan ti ties, the exact limits of which mu t be 
statecl, or to reject it a ltogether. 
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pr sent. At the same time no attempt at present has 
been made by the more advanced communities of civi­
li zed men to prevent the mult iplication of the weakly or 
of those liable to congenital disease. Already something 
like a panic on this subj ec t has appeared in this co untry. 
Inquiries have been conducted by publi c authorities. 

But the only possible method of dealing with this 
matter, and in the first place of estimating its importance 

as immediate or remote, bas not been applied. Man 
can only deal with this difficulty created by his own 
departure from N a ture-to which he can ne ver return 
-by thoroughly inves tigating the laws of breeding and 
heredity, and proceeding to apply a con trol to hu man 

multip lication ba ed upon certain an d indisputabl e 
knowledge. 

It may be a cen tury, or it may be more than 

five centuries, before the matter would, if let a lone, 

force itself upon a desp rate human ity, brutalized by 
over-crowdin g, and the stru aa ]e for food. A return to 
Nature's terrible selection of the fittest may, it is 
conceivable, be in this way in store for us. But it is 
more probable that hum an ity will submit, before th at 
co ndition occ urs, to a res triction by th e com munity in 
respect of the right to multiply, with as good a g race as 
it bas given up the right to murder and to steal. In view 
of this Man must, in en ter ing on his kingdom, at once 

proceed to perfect those studies as to the t ransmis ion 

of qnalities by hered ity which have as yet been only 
rougbly carried out by breeders of animais and horti­

culturists. 
There is absolutely no provision for this study in a ny 

civi lized comm unity , a nd no concepti on a mong the people 

or their leaders tha t it is a matter which concern s a ny 

one but farmers . 
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1 6 . A UNTOUCHED SouECE OF E EJZGY . 

T he a ppli cat ions of s team and clcctric ity have so far 
as ton i hed and gra t ified the rebel Man, that he is a me­

t imes disposed to conc lude that he has come to th e end 
of hi povver of relieving himself from th e use of h is 

own mus les fo r anythi ng but refi ned movements and 
well -cons idered healt h-giving exerc ises . O ne of th e 
greatest of chem ical discoverers at this t im e livin g, 

M. Berth elot, has, however, recent ly p ressed o n our 

a tten ti on t he ques t ion of the pos ibility of tapp in g th e 
cent ral beat of th e earth and ma kin g use of it as a 

pcren ni al source of energy. i\I a ny com petent phy i ists 
have expressecl t he opinion t!Ja t t he mechanical cl iffi­

c ulti es of s uch a bor ing, as would be necessary, a r 
in superab le. No on e, however, wou ld ventu re to pro­
phesy, in such a m atter a s t hi s, t hat what is preve nt d 

by insuperable obstacles ta-d ay may not be within our 
pow rs in th e cou rse o f a fe\\· years. 

17. PECULATJON AS TO T JII~ MARTIAN . 

uch a udacious control of the resources of o ur pla net 

1s ugg sted as a poss ibil ity, a legitim ate hope a nd a im, 
by rece nt observat ions and specu lat ions a to o ur neigh­
bo ur, the pla net Mars. I do not venture to express any 

opin ion as to the interpretation of th e appearan ces 

revealed by the telescope on the surface of th e pla net 

Mars , a nd indeed would take the most sceptical at titu de 

un ti l further information is obtained. But the influence 

of these s ta temen ts about i\Iars on the im ag in a ti on and 

hopes of Man seems to me to possess con iclerabl e 

interes t. The markings on the surface of th e pla n t 
1\ Iars, w hi ch have been inte rpreted as a syste m of cana ls, 
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have been known and discussed for ma ny years (se F igs . 
7 a nd 8) . It has recent ly been obs rved tha t these cana ls 
un dergo a recurrent easo nal c ha nge of appea ra nce con­
sistent with the hypothesis t ba t they are periodically fi lled 
with water, which is derived from tb polar snow-ca ps of 
the pla net a t the season of g rea t t polar beat. It is sug­
ges ted that Ma rs is inh ab ited by an intell igent 1 opula ti on, 
not necessar ily closely simila r to ma nk in d, but, on th 

F IG . 7· 
Drawing of Mars iu November with Long. r56° on the merid ian , shew­

ing the • Mare Sirenum ' (the shaded sick le-shaped area), counected wilh a 
network of • canals' sbewi ng • spots' or • oases' at the intersections of 
the canals aud a system of spherical t r iangles as the form of the mesh­
work .- From • Mars,' by Perceval Lowell. 

co ntrary unlike mankind in proportio n as the cond itions 
of Mars, a re un li ke those of th e Earth, a nd t hat th ese 

inhabita nts have constru cted by their own effort the 
enormous irriga tion works upon which thP fer til ity a nd 
habitability of th eir planet, at th e prese nt ti me, depend. 
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These specu lations lead M. F aguet of the French Academy 

to further reflections. The Martia ns who have carried 
out this vast manipulation of a planet m ust be not only far 
in ad vance of the in habitants of the Earth in intelligence 
and mechanical power, as a resu lt of th e greate r age of 
th eir planet and t he longer cont inuance there of th e 
evolution of an intell igent race, but such a vast work 
a nd its maintena nce would seem to imply a complete 

F I G. 8. 

Drawmg of Mars as seen on November 1 th, 1894 (Long. 325 on the 
meridian) by Mr. Perce,·al Lowell at the F lagstaff Observa tory, Arizona, 
U.S.A ., shewing 'twin ' or 'double' canals, connected north wards wi th 
the ' i\fa re Ica rium.' T he two figu res here reproduced only give a small 
portion of the sys tem of canals, oases and seas of the plane t i\ lars, mapped 
by Mr. Lowell. 

un animity among th e 1\Ia rtia ns, a world-wid e peace and 
common governm ent. ' in ce we can im ag ine such a 
result of the prolonged play of forces in Mars, sim ila r to 
those at work in our own Earth, and even obtain some 
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slig bt confirmat ion of the s upposit ion, may we not 
indulge in the surmise t ha t sorne s uch future is in s tore 
for Man, tha t he may be ab le hereaft e r to deal with great 
planetary factors to his own advantage, and not on ly 

draw beat from t he bowels of t he earth for such p urposes 

as are a t presen t wit h in h is scope, b ut even so as to 
regula te, at sorne dista nt day, t he cl ima tes of t he earth 's 
surface, and the winds and t he rain which seem now for 
ever beyond his control ? 

r8. T HE I VESTIGATI N OF THE H UMAN 1r D . 

In such a d esultory sm·vey as tha t on wh icb I have 

ven tured, of Ma n's kingdom a nd its da ngers, it occurs to 

m e to mention another area upon which it seems urgent 
t ha t t he activities of nature-searchers should be imme­
dia tely t urned with increased power and number. The 

experimental s tudy of his body a nd of that of a nimais 

has been carried fa r a nd with valua ble results by inquir ing 

Ma n. But a singula rly small a mo unt of atten tion bas 
as yet been given to t he invest igation o f Man's mind as a 

natural p henomenon and one wh ich can be better under­
stood to the immense advan tage of the race. 

The mind of Ma n- it ma t ters not for my im media te 

a rg ument w he ther it be regarded as having arisen 
normally or abnormally fro m the min d of animals- is 

obviously t he one a nd a ll -pow rful ins trument with which 

he bas contended, a nd is destined hereaft er to contend, 

against extra -human Nat ure. It is no Jess importa n t for 
bim to know the q ua lity, the capacity, the mode of 

operat ion of th is instrument, its beginnings and its 

lim itations, t ha n it is for him to k now t he min utest 
deta ils of th e workings of Nature. J ust as much in t he 
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one case as in the other, it is impossible for h im to t ru 
to the imper~ ct analysis made by ancien t races of men 
a nd t he tradi t ions a nd fancie handed clown in old 
wri tings-prod uced by generation who had not arrived 
at the method of investigation which we now can apply . 
Exp r iment upon the mental processes o f an imais and of 
Man is greatly needed. Only here and there has a nyt hing 
b en clone in th is direct ion . Most promising results have 
b en obta ined by such observations as those on hypnotism 
a nd on va rious d iseased a nd abnormal states of t he brain . 
But the subject is so l it tle explored that wild a nd un­
tested assert ions asto the powers of t he mind a re current 
a nd ha ve g iven ri e to strange belicfs, accepted by many 
eriously- intent ioncd men and women. \Ve bolclly operate 

upon the minds of children in our systems of educat ion 
without really knowina what we ar doi ng . W e blindly 
assume that the owners of certain minds, t raditionally 
t rained in am using e]eaancies, are fit to govern th eir 

fellow-men and administer vast p rovinces; we a su me 
that the d iscovery and comprehension of Na ture' pro­

cesses rn nst be the work of very few and peculia r minds ; 
tha t if we take care of t he body the mind will take ca r 
o f itself. V1/e know really not hing of the heredity o f 
mental quali ties, nor how to e t imate t heir presence or 
absence in the young so as to develop the mi nd to 

g reatest advan tage. \ Ve know the pa in a nd t he pena lty 
of muscular fatigue, but we pby with the bra ins of young 

a nd old as though t hey were indestructible machinery . 
\ Vhat is called experimenta l psychology is on ly in its 

infa ncy, but it is of urgent necessity th at it should be 
systema tically p ursued by the applicati on of p ublic 
funds in order that Ma n may know how to make the 

best use of his only weapon in his st ruggle to control 
J a t ure. 
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rg . MAN's D E LAY: ITS CAU SE AND R E MEDY . 

Even th e s light and rap id review just given of Man 's 
position, face to face with Nature, enables us to see what 
a tremendous step he has taken, what desperate co nditions 
he bas created by the wonderful exercise of his will; how 
much he bas clone and can do to control the order of 
Nature, and how urgen t it is, beyond al! that word s can 
say, for him to apply his whole strength and capacity to 
ga ining furth er con trol, so that he may accomplish hi s 
destiny and escap from mis ry . 

It is obvi us enough t hat Man is, at pr sent , doin g 
very little in th is direction ; so little that one seeks for 
an explanat ion of his a pathy, h is seeming paralysis . 

The expla nation is that the masses of the people, in 
civilized as weil as uncivilized countries, a re not yet 
aware of the s ituation. vVhen kn owledge on this mat ter 
reaches, as it inevitably wi ll in time, t o the genera l 
population , it is certain that the democracy will dem and 
th at th ose who expend the resources of the commun ity, 
and as governmen t offic ia is undertake the organization of 
the national defence a nd other great public services for 
the common good, shall put into practice the po·vVer o f 
Nat ure-control which bas been gained by man ki nd, and 
shall exert every s inew to obtai n more. T o effect this, 
the democracy wi ll demand that those who carry on 
publ ic affairs sha ll not be persans solely acquainted with 
the elegant fancies and stori es of past ages, but sha ll be 
tra ined in th e acq ui sitio n of natura l knowl edge and 
keenly active in the skilful application of ature-control 
to the development of the well -b ing of th e comm unity . 

It w uld not be nece sary t o wait for this pressure 
from below wer the well-to-do clas - which in most 
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modern tates exercises so la rge an influ ence both in 

the actual admini trat ion of Governments and by 
exampl -so situated as to be in any way aware of th e 
responsibilit i s which rest upon it. Traditional educa­
tion has, owing to causes which are not far to seek , 
deprivcd th e well- to-do class of a knowledge of, a nd 
int rest in, 1Ian's relation to lature, and of his power 
to control natural processes. During the who le period 
of the growth of man's knowledge of 'ature-that is to 

say, ever since the days of Bruno- the education of 

the well-to-do bas been d irected to the acquirem nt of 
entertainin g information a nd elegant accomplishm ents, 
\vhilst ' useful knowledge' bas been despised a nd ob ­
tain ed, when considered nec ssary, from lower-class 
' workmen ' at workm en's wages. It is o f co urse not to 
be overlooked t hat there have bee n notabl e exceptions 
t o this, but they have been exceptions. Even a t the 

present day, in some civilized States, a body of clerks, 
without any pretence to an education in the knowledge 
of rlature, headed by gentlemen of title, equally ignora nt, 
a re entrusted with, a nd handsom ly paid a nd rewarded 
fo r, the superintendence of the a rmies, the nav ies, th e 
ag riculture, th e public w rks, the fi heries, a nd even the 
public education of the S la te. ·vl hen compelled to 
seek the assistance of those who have been tra ined in 
th e knowledge of a t ure (for even in these States th ere 
a re a few such eccentric persons to be found), th e 

officiais demand that s uch assistance shall be frc ly 
g iven to them without pay, or else offer to buy th e 

knowledge required at the rate paid to a copying clerk . 
T his state of things is not one for which it is poss ible 

t o bla me those who, in blissful ignorance, contentecl ly 

perform what they consider to be their duty to their 
country. There are, however, in many S tates , inst itu-
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tions, of vast in fi uence in the education of the whol 
commu ni ty , kn own as Universities. I n many co untries 
they as well as th schools a re direc tly contro lled by 
the tate. In England, however, we a re happy in 
having free nivers ities, the older of which, though in 
sorne important respec ts tied dovvn by law, yet have 
the pow r to determin e almo t absolutely, not only wh at 
sha ll be stud ied within th eir own walls, but what hall 
be tudied in a il the schools of the co untry frequented 
by the children of the well-to-do. 

It i the pride of ou r ancient U nivers ities t hat they 
are largely, if not exclusively, frequ nted by yo ung men 
of the la who a r go ing to take an acti ve part in 
th e public affair · of the co untry- eith er as poli t icians 
and slatesmen, as govern ors of remote colonies, or as 
leaders of the gr at profess ions of the Church, the 
L aw, and Medicin e. It wou ld seem, then, that if these 
U niver ities a ttached a gr a ter, even a predomin ant , 
importance to the tudies which lead to the kn owledge 
and con t rol of ature, the schools would follow th eir 
example, and th at th e governing class of the co untry 
would become acq ua inted with the urge nt need for 
more knowledge of th e kind, and for the immedia te 
applicati n in public affairs of tha t knowledge which 
ex ists. 

It would seem tha t in Great Britain, a t any rate, it 
wo uld not be necessary, were the Universities alive to 
the situat ion, to await the pressure of democracy, but 
that a better and more rapid mode of developrn ent 
would obtain; th e influen tial and trust d leaders of the 
community would se t the example in seek ing and using 
for the good of the State the new knowledge of Na ture. 
The worl d bas seen with adm iration and astonishment 
the entire people of J apan follow the example of its 

E 
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govern ing class in the a.lmost sudden adoption of the 

knowlcdge and cont rol of l\ at ure as the purpose of 
national education and the guide of State administration. 
lt is possible that in a less rapid and tartling mann er 
our old Uni versi ties may, at no distant date, influence 

the intellectual life of the more fortunate of our fellow 
citi zens, and consequently of the entire comm unity. 
The wear in ess which is so largely expressed at the 
present day in regard to h uman effort- wh eth r it be 
in the field of poli tics , of literature, or of other a rt, or 
in relation t o the improvement of social organi zation 
and the ind ividual life-i possibly due to the fact that 
we have exbausted the old sources of in spiration, and 

bave not yet learnt to believe in th e new . The ' return 
to Nat ure,' \\ hi ch is sometimes vague! y put forward as 
a cu re for the a\1-pervading 'taed ium ' of this age, is 
perhaps an imper fect express ion of the truth that it 
is tim e for civilizcd man not to retu rn to the 'state of 
Nature,' but to abandon his retrospective attitude and 
to take up whole-heartedly the Kingdom of Nature 
wh ich it is his dcst iny t o ru le. New hope, new \ife 
will, when he does th is, be infused into every line of 

hu man activity : Art will acquire a new impul e, and 
polit ics become real and interest in g. To a community 
which bclieves in the destin y of ·Ma n as the controller 
of Natu re, and bas consciously entered upon its fulfil­

ment, there can be none of the weariness and even 
despair which cornes from an exclusive worship of the 
past. T bere can only be encouragement in every victory 

gained , hope and the realization of hope . E ven in the 
face of the overwhelm ing opposition a nd in credulity 
which now unhappily have th e upper band, the beli ever 

in th e predestined triumph of l\ l an over j'; a ture can 
exert himself to place a contribution, however small, in 
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the great edifice of a ture-knowledge, happy in the 
conviction that his !ife bas been worth li ving, has 
coun ted to the good in the imperishable result. 

20 . T HE l NFLUEN E OF Ü XFORD . 

If I venture now to con ider more specifically th e 
infl uence exercised by t he U niversity of Oxford upon 
t he welfare of the State and of the human co mmunity 
in general, in view of the conclusions which have been 
set for th in what has preceded, I beg to say tha t I do so 
with the o-reatest res pect to the op inions of others who 
d iffer from me. \ i\Then I say this I am not using an 
empty formula. I mean that I believe that there must 
be ma ny U niversity men who are fa ir-minded and d is­
in teres ted, and have given special attention to t he 
mat ter of which I wish to speak, a nd who are y t very 
fa r fro m agreein g with me. I ask them to consider 
what I have said, and wh at I have further to say, in 
t he same spirit as th at in which I approach them . 

It seems to me-and wh en I speak of myself I wo uld 
point o ut that I am presenting the opinions of a large 
num ber of educated men, and tha t it will be better for 
me to avoid an egotistical attit ude- it seems to u 
(I prefer to say) that the University of Oxford by its 
p resent action in regard to the choice a nd direction 
of subjec ts of study is exercising an injurious influence 
upon the ed ucation of t he country, and especially upon 
the educat ion of those who will hereafter occupy 
positions of influence, and will largely dete rr.nime both 
the action of the State and the education and opinions 
of those who will in turn succeed them . The question 
has been recently raised as to whether the acquirement 
of a certa in elementary knowledge of th e Greek language 

E 2 



TI-IE KINGD Ol\I OF i\I \N 

should be required of al\ those who desire to pursue 

their stud ie 111 this University, and accordin gly 
whether the teach ing of the elements of th is lang uage 
should fo rm a prom in en t fea t ure in th e great schools 
of th is count ry. lt see ms to us that this is on ly part 
of a much larger question; namely, wheth er it is des irable 

to continue to make the study of two dead lang uag s­
a nd of the story of the deeds of great men in t he pas t­
t he main if not the excl usive matter to which th e minds 
of the youth of the well -to-do class a re d irected by our 
schools a nd universities. \Ve have come to the con­
clusion that this fo rm of ed ucat ion is a mistaken a nd 
lllJur ious one. \ Ve desire to make the chief subj ect 
of ed ucation both in school and in coll ege a knowledge 
of Nature as se t forth in the sciences wh ich a re spoken 
of as physics, chemistry, geology, a nd biology . \V 
think that a ll ducation 1 should co nsist in th e first 

pl ace of this kind of knowledge, on accou nt of its com­
ma ndin g impor ta nce both to the individual a nd to the 

community. VVe thin k that every man of ven a 
mod rate amount of edu cation should have acq uired a 

sufficient knowledge of t hese subjects to enable him at 
any rate to appreciate their value, and to take an interest 

in their progress an d appl ication to human !i fe. And 
we thin k furth er that the ablest youth s of the cou ntry 
should be encouraged to proceed to the extrem e li mit 

1 1 t is, perhaps, necdful to point out th at wh at is ai med al is th at the 
educat io n of a il the youth of the country, both of pass-men and of 
ela s-men, of gi rls as weil as of b ys, of the rich as weil as of the poor, 
should be pri marily directcd to imparting an acquaintance with whal 
we a\ready possess in respect of knowledge of J'\ at ure, and the training 
of the pu pi\ so as to enable hi rn or her (a ) to make use of that konw­
ledge, and (b) to take part in gain ing new knowledge of ?\ al ure, at thi s 
moment needed but non-exi stent. This does not involve the complete 
exclusion of other subjecls of instruction, to wh ich about onc-third of 
the t ime and effort of school and college \ife migbt be devoted. 



of present knowledge in one or o ther bran ch of this 

knowledge of at ure so as to become ma kers of new 

kn owledge, a nd the po sible d iscoverers of enduring im­
p rovements in man's control o f Nature. No on sh ou ld 

be educated so as to be ignorant of th e importance of 
tbese things; and it ho uld not be poss ibl for th e 
o-reate t talent and menta l power to be diverted to other 
fi elds of ac tivity th rough the fact th a t the nece saïy 
educa tion a nd opportunity in th e pursuit of th e know­

ledge of Nat ure are withh eld. Th e stro ngest indu ce­

ments in th e way of reward a nd consideratio n ought, 
w bel ieve, to be placed before a young ma n in the 
direct ion of I a ture- knowledo-e rather th a n in the direc­
tion of othe r a nd fa r Jess important subjec ts of study. 

In fac t, we sho uld wish to ee th classi al and 
historical scheme of education entirely a bandoned, and 

its place taken by a scheme of education in the know­
ledge of Nat ure. 

NAT RE' ' I 1 
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At tb same time let me ha ten to ay th a t few, if 
a ny of us-a nd certainJy not he who writes th ese lin es­
would wish to remove the acqu irement of the u e o f 
lan uages, th e tra ini ng in the knowledge an d perception 

o f beauty in Jitera ry art, and th e feeding o f the mind 
with the grea t stories of the pas t, from a hig h a nd 
necessary position in every o-rade of educa tion. 

It is a sad a nd apparen tly in evitable accompaniment 
of ali disc ussion of this matter th a t those who ad vocat 

a great and leadin o- position for the knowledge of 

ature in ed ucation are acc used of desiring to abolish 
all study of Jitera ture, hi tory, and philosophy. This 
is, in reality, so far from being th e case th a t we sh o uJd 

most of us wi h to see a erviceable kn owledge of foreign 
Ja no-uage , a nd a r al acq uaintance with th e beauties 

f Engli h and other literature, substituted for th e present 
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unsuccessful efforts to teach effectively either the language 

or lit rature of the G reeks and Romans . 
It should not be for one moment supposed that th ose 

wh o attach the vast importance which we do t o th e 
knowl edge of I ature imagine t hat Man's spir it can be 
satisfi cd by exclusive occupat ion with that knowledg . 
\Ve kn ow, as weil as any , that Man does not live by 
bread alone. Though the st udy of Nature is fi t ted to 
develop great mental q ualit ies-perseverance, honesty, 
judgement, and initiative-wc do not suppose th at it 
completes Man's mental equipment. Though the kn ow­
ledge of ature calls upon , excites, and gratifies th e 
im agination to a degree and in a way which is pec uliar 
to itself, we do not suppose that it furnishes the oppor­
t unity for al! forms of mental activity . The great joys of 
Art , the delights and entertain ment to be derived from 
the rom ::wce and history of human character, a re not 
parts of it. They must never be neglected. But a re we 
not justi fied in assertin g t hat, for some two hundred 
years or more, these 'ent rtainments' have been pursued 
in the name of t he highest educat ion and tudy to the 
exclusion of the far weightier and more necessary know­
ledge of Nature? 'This should ye have clone, and yet 
not left the other undone,' may j us tl y be said to those 
who have condu cted the ed ucat ion of our higher schools 
a nd universit ies along the pleasant !ines of litera ture and 
h i tory , to the neglect of the urgent ly-needed 'improve· 
ment of Natural I\.nowledge.' Nero was probably a 
rn usician of taste and t rai ning, and it was artis ti c and 

high- class music which he played while R ome was 
burning: so too the studies of the past carried on at 
Oxford have been charming and full of beauty, whil st 
E naland bas lain , and lies, in morta! peril for Jack of 

knowledge of Nat ure. 
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It see ms to be beyond d ispute that th e study, fi rstly 
of L atin, and rnuch more recen tly of Greek, were 
foll owed in our U ni versiti s and in gram mar schools, not 
as ed ucat ional exercises in t he use of language, but as 
keys to un lock the store-rooms-the books- in which 
the knowledge of the ancients was con tained . So long 
as these keys were n eded, it was reasonable enough th at 
every well -educated man should spend s uch time as was 
necessary in providing himself with the key. B ut now 
tha t th e store-rooms a re empty-now tha t th eir co ntents 
have been appropriated and scattered fa r and wide-in 

all languages of civili zation, it seems to be rn erely an 
unreason ing continuati on of superann uated custom to go 
on with the provision of these keys. Such , hO\vever, 
is the force of habit that it continues : new and in aen ious 
reasons for the pract ice are put fonva rd , whilst its 
original abject is entirely forgotten . 

In th e first place, it has come to be regarded as a 
mark of good breeding, and thus a n end in itself, for 
a man to have some first-h and acquaintance with L atin 
a nd Greek a uthors, even when he knows no oth er 
Ji terature. It is a fashion, like the wearing of a co urt 
dress. This cann a t be held to justify the employmen t 
of mo t of the ti me and energy of yo uth 111 its 
acq uirem ent. 

A seco nd reason which is now put forward for the 
practice is that the effort and labour exp nded on tbe 
provision of these keys-even though it is admitted 
that they a re useless- a re a wonderfu l and incompar­
ably fin e exercise of the mind, fitt ing it for ali so rts 
of work. A theory of education hrrs been enunciated 
which fits in with this defence of tbe co ntinued attempt 
to campel young men to acqui.re a knowledge, however 
imperfect, of the L at in and Greek languages. It is 
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held tha t what is called ' t ra in ing the mi nd ' 1s th e 

chief, if not the only proper, aim of education ; a nd 
it is declared that the continuat ion of the study o f 
those once useful, but now u. eless , keys-Lat in a nd 
G reek-is an a \1 -sufficient t rai ning. If th is th eory were in 
accordancc wi th th facts, t he concl usion in fa vour of 
givin g a v ry high place t o the study so recommended 
wo uld be in evitable. But the facts do not support 
thi s th e01·y. Clever youths a re taken a nd presscd 
into the study o f Greek and Latin, and we are asked 
to conclude that t heir cleverness is due to these studies . 
On th e other band, we maintain that though the st udy 
o f g ra mma r may be, wh en properly carri ed out, a 
valuabl c excrcise, yet that it is eas ily co nverted into 
a worthl ess o ne, and can never in any case take th e 
place of various ot her forms of mental tra in in g, such 
as the observation of natural objects, the followin g out 
of experimental demonstrat ion of the qualiti s a nd 
relations of nat ural bod ies, and the dev ising and ex cu­
tion of experimen t as the test of hypoth es is . part 
from 't ra ining ' there is the need fo r providing th e 

mind with information as well as method. The kn ow­

ledg of Nature is eagerly a simi lated by you ng people, 
a nd no tra ining in mental gy mna tics can be a sub­
stitutc for it or an excuse for d priving t he yo ung 
of wh at is of inestimable value and in stin ct ively 

desired. 
The prominence which is assigned to a farn ili a rity 

with the deta il s of history, more especia lly of what 
may be call ed biographical h i tory, in the ed ucati ona l 

system favou red by xford, seems to depend on th e 
same ca uses as th ose which have led to the maintena nce 

of th e st udy of Greek and Latin. To read h istory i 

a pleasant occupation which bas become a hab it 
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and trad it ion. At one tim men beli eved tha t histo ry 
rep ats itse lf, and it was t h ught to be a proper a n l 
u eful training for one who wo uld t ake part in publi c 
affairs to store his mind with precedent and picturesque 
narratives of pro minent sta tesmen and ru lers in far -off 
days a n l di sta nt la nds . As a matt r of fac t it cann ot 
be how n t in t any tatesman, or v n th e hu mb l s t 
politic ia n, has ever bee n gu icl ed to use ful action by 
such knowl clge . History does not repeat itself, and 
the man who thin ks that it does will be led by hi 
fragmen tary kn owledge of torie of th past into ser io us 
blunders. T o the fashionable jo uro a li t such bioO' raphica l 
bi to ry furni hes t he sea oning for his es ays on political 
que ti ans of th e clay . But thi s does not seem to be 

a suffic i nt r ason for assigning o prom in ent a place 
ll1 niversity studies to thi s kind of history a a t 

pre ent th e ca e. The r ason, perha ps, of th e favo ur 
which it rece1ve , 1 tha t it is one of the few subj ects 
which a man of pm·ely ela sica! ed ucation can pu r ue 
witho ut commencing hi education 111 elementary 
matters afresh . 

It wou!! be a serious mist ake 1 to suppose th a t tho e 
who would g ive a co mplete s upremacy to the st udy f 
Natur , in our educati onal ystem, do not value and 
enj oy biograp hical history for what it is worth as an 
entertain ment; or furth er, tha t they do not set great 
value upo n t he scientifi c st udy of th e hi tory of th e 
strugO'le of the races a nd na tions of mankind, as a 
portio n of t he kn owledge of the evolution of fan, 
capable of g iving concl usions of grea t va lu e when it 
bas bee n furth er and more th oroughly treated as a 

1 
l cl ir c pc ial ly to cl raw the atten tion of those who have mis­

und rstood and misrepresented my est imate of the im po rtance of the 
tudy of Hi story, to this pa ragrapb .-E.R.L. 
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department of Anth ropology. \Vhat seems t o us un­
desirable is, t hat mere st ories and bald reco rds of 
cer tain peoples should be p ut forward as matter with 
which the minds of ch ildren and young men are to be 
occupied, to t he exclusion of the aU-im portant ma t ters 

compri ed in the knowledge of Nat ure. 
There a r , it is well known, not a few wh o regard 

the present institution of L atin and Greek and so -call ed 
H istory, in th e pre-emin ent place which they occ upy 
in Ox ford and the great schools of the country, as 
so mething of so ancient and fund amental a cha racter 
tha t to quest ion the wisdom of that inst itution se ms 
an odious proceed ing, part akin g of the nature of 
blasphemy. T hi s sta te of mind takes its origin in a 
common error, d ue t o t he fact that a straightforward 
account of the studies pursued in th e U nivers ity du rin g 
the last fi ve hun dred years has never b en written . 
Ou r pres nt curri culum is a mere mushroom growth 
of the last cent ury, and has no claim what ever to 
venerati on. Greek was studied by but a dozen or two 
specialists in Oxford t wo hundred an d fi ft y years ago . 
In those days, in proport ion t o what bad been asce r­
ta ined in th at subj ect and could be taught , there was 
a great and general interest in the U niversity in th e 
knowledge of Nature, such as we should gladly sec 
revived at the present day . As a matter of fact, it is 
only within the last hundred years that the dogma of 
compulsory Greek, and t he v<tlue of what is now called 

a classical education, b as been promulgat d . These 
th ings are not historically of ancient date ; they are 
not essentials of Oxford . W e are therefor well within 
our right in questioning the wisdom of their cont inuance 
in so favourecl a position, and we are warra ntecl in 
expressing the hope that those who can change the 
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policy of the ni versi ty and olleges in this matter 
wi ll, at no distant day, do so. 

It is sometimes urgee! t hat Oxford should contentedly 
resign herself to the overwhelming p redomin anc g1ven 
to the st udy of ancient elegan e and histo rie wisdom 
within ber wall s. It is sa id t hat she may well be 
r served for these delight ful pursu its, whilst newer 
in t itu ti ons shou ll do th e ha rd work o f a iding man in 
hi conq uest of ·a t ure. At fi rst s ight such a proposai 
ha a t mpt ing character: we a re charm ed with the 
sugges ti on tha t our beaut ifu l Oxford sho uld be enclos d 

by a ring fence and eut off for ever from the con tamin a­
t ion of the world. Bu t a few moments refl ecti on must 
convince mos t of us t hat such a trea tm ent of Oxford 

an insult to ber and an impossibility . Oxford is not 
dead. Only a few decades have passed-a mere fr ac ti on 
of ber lifetime-sin ce she was free from the oppression 
of grammar-school t ud ie , and sent forth Robert Boyle 
and Christopher Wren to e tablish the New P hilosophy 
of the I nv isible College in L ondon . S he seems, to sorne 
of us, to have been used not qu ite wisely, perhaps 
not quite fairly, in the brief period whi ch bas elapsed 
s ince that ti me. Why shoul d s he not shake herself free 
again, and giv , hereafter, mos t, i f not the wh ole, of h r 
weal th and strength to th e urge nt work which is actually 
pm·sued in every other U niv rs ity of th e world as a chie f 
aim and duty? 

The fac t that Oxford at tracts th e youth of the 
coun try to her, and so determines t he ed ucation offered 
in the great schools, is a sufficien t answer to those who 
wish to perpetua te t he present em ployment of ber 
resources 111 the subven tion and encouragement of 
comparatively unimportant, th ough fasc inating (even too 
fascinatin g), studies, to the neglect of the press ing 
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necessary knowledge of Nature. Those who enjoy g rea t 

infl uence in the affa irs of t he Univer ity te ll us with 

prid e that Oxford not only determines what ou r best 

schools sha ll teach, but has, as a main p re-occupation, 

the education of statesmen , pro-consuls, leaders of th e 
learn ed profess ions, a nd members of parl ia ment ! 
Undoubted ly th is claim is well -fou nd ed, a nd its truth 

is th e reason why we cann ot be con tent wit h th e 
maintenance by the University of the compulsory study 
of G reek a nd Lat in , and the neglec t to make t he s tudy 

of Kature an in tegral and predomi nan t part of every 

ma n 's ducation . 
To retu rn to my or iginal co ntention- th e kn owledge 

a nd co ntrol f Na ture i Man 's destiny and hi s g rea t st 

ne d. T o enab le future leaders of th e communi ty to 
comprehend th is, t o per eive what the kn owledge a nd 

co ntrol of Nature are, a nd wh at are the st eps by whi ch 
they a rc gained and increased, is the duty o f a g reat 

n iversity. To neglect this is to retard the a pproach 

of well-being and happiness, and to injure humanity. 
I beg, fi nally, for tolerat ion from those who do no t 

sha re my opinions. I am well a ware that th ey are open 

to the obj ec tion that t hey partakc more of the na ture o f 

dreams of the future th a n of practical pro po als.1 That, 

1 T h pract ical steps which wou id correspond to the views enunci ated 
in thi s discourse are two. l·l rst, the form a tion of an ed ucational 
a socia tion to est ablish one or more schools :and college in which 
nature-kn owledge and training- in nature-searchi ng should be the ch ief 
matte r to wh ich attention wo ulcl he g iven, whil t rea onabl e method s 
would also be employee! for implanting in th e mi nds of the studen ts a 
love and under tandin g of literatu re a nd other forms of art. Those 
who desiree! such an education for their child ren would support these 
schools and collcges, just as in the days of , \nglican exclusiveness the 
No ncon fo rmis ts and Rom an ::ttholics upportecl indcpcndent ecluca­
ti ona l in stitutions. T he second practical step would be the formatio n 
of a poli ti calunion which wou id makc clue respect to cfficiency that i 
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perhaps, may be accepted as my excuse for in du lging in 
them . There are, and a lways have been, dreamers in 
Oxford, and b au ti ful drea ms they have d rea rned-some 
of the past, and sorne of th e future. The most fascin at ­
ing dreams a re not, unfortuna tely, a lways realized ; but 
it is sometim s worth whi te to t ell one's drea m, for th at 
may bri ng it a step nearer to 'coming tr ue.' 

to a y, to a knowledge of Nature, a te t question in ail poli tical con tests. 
No candidate for Parliament would receive the votes of the union unie s 
he were eith cr himself eclucated in a knowle Ige of Nature or pr mis cl 
his supp rt excl usively to ministers whc would insi t on the utilization 
of nature-knowlcdge in the aclmi nisll a ti on of the great depart ments of 

tate, and woulcl take acti ve mea ures of a fin ancial cha racter to 
clevelop wi th far grea tcr rapiclity a nd certa inty than is at pre ent the 
case that in qu iry into an d control of Natu re whi ch is the indispensable 
factor in hu man welfare and progress. Su h a programm e wi ll , I hope , 
at no di tant date obtain the upport of a sufficien t numbe r of parl ia­
menta ry votcrs to ra i e political ques tions of a mo re genuine a nd 
interesting character than those whi ch many fi nd o tedious a t the 
pre ent moment. 



THE KINGD 1\I OF MAN 

APPE DIX. 

I nAd he re n brief stnlcmeut publishcd by me in the TDI ES, M ny r 7th, 
rgo3, wliich touches on tl1e question of the origin of hfe, nud 
certain theories of creation . 

" It seems to me that, were the discussion excited by 
Lord Kelvin's statements to the Christ ian Association at 

niversity liege allo,œd to close in its pre ent phase, the 
public would be misled and injustice clone both to L ord Eelvin 
and his critics. I therefore beg you to allow me to point out 
what appear to me to be the significant features of the matter 
under discussion. 

"Lord Kelvin, whose minence a a physicist gives a spec ial 
interest to his opinion upon any subject, made at niversity 
C liege, or in his subsequent letter to you, the following state· 
ments :-

" r . Th at ' fortuitous con course of a toms ' is not an inappro­
priate description of the formation of a crystal. 

"2 . That ' fortuitous con ourse of atoms' is utterly absurd 
in respect to the coming into existence, or the growth, or the 
contin uation of the molecular combinat ions pre ented in the 
bodies of living things. 

" 3· That, though inorganic phenomena do not do so, yet the 
phenomena of such living things as a sprig of mo s, a microbe, 
a living animal-looked at and considered as matters of scien­
ti fic in ve ti cration- compel us to conclude that there is scientific 
reason for believing in the existence of a creative and directive 
power. 

"4· That modern biologists are coming once more to a finu 
acceptance of something, and that is- a vi t;:tl prin cip le. 

" In your article on the discussion which has followed these 
statements you de lare that this (the opinions I have quoted 
above) is 'a momentous conclusion,' and that it is a vital 
point in the relation of science to religion. 
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" I do not agree with that view of the matter, although I find 
Lord Kelvin's statements full of interest. o far as I have 
been able to ascerta in, after many years in which these matters 
have engaged my attention, there is no relation, in the sense of 
a connection or influence, between science and religion . There 
is, it is true, oft en an antagonistic relation behveen exponents 
of science and exponents of re ligion when the la tter illegit i­
mately misrepresent or deny the conclusions of cienti fic re­
search or try to prevent its being carried on, or, again, when 
the former presume, by magnify in g the extremely limited con­
clusions of science, to deal in a destructive spirit witb the 
very existence of those beliefs and hopes which are called 
'religion.' Setting aside such excusable and pure! y per anal 
collision between riva l claimants for a utb ority and power, it 
appears to me that science proceeds on its pa th without any 
contact with religion, and that reli aion bas not, in its essen tia l 
qualities, anything to hope for, or to fear from, cience. 

"The whole arder of nature, including living and lifeless 
matter-from man to aas- is a network of me banism the 
main features and ma ny details of which have been made 
more or le s obvious to the wondering in telligence of mankind 
by the labour and ingenuity of scientific investigators . But 
no sane man bas ever pretended, since science became a defi­
nite body of doctrine, that we know or ever can hope to 
know or conceive of the possibility of knowing, whence this 
mechanism bas come, why it is there, whither it is going, and 
what there may or may not be beyond and be ide it which our 
sen es are incapable of appreciating. The e thi ogs are not 
' explained ' by science, and never can be. 

"Lord Kelvin speaks of a 'fortuitous concour~e of atoms,' 
but I must confess that I am quite unable to apprehend what 
he means by that phrase in the connection in wb ich be uses it. 
It seems to me impo sible that by 'fortuitous' he can mean 
sometbing which is not determined by natural cause and there­
fore is not part of the arder of nature. vVhen an ord inary man 
speaks of a concourse having arisen 'by chance ' or 'fortuit­
ously,' he means merely that the determining conditions whicb 
have led by natural causation to its occurrence were not known 
to him beforehand ; he does not mean to assert that it bas 
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arisen without the operation of such determining cond iti ons ; 
and I am quite uoable to understand how it can be main tained 
that ' th e concourse of atoms ' form ing a crysta l, or even a 
lump of muel , is in any phi losop hie sense more correc lly de­
scr ib d as ' fortuitous ' t han is the concourse of atoms which 
bas give n ri se to a sprig of mo s or an animal. I t would be a 
matter of rea l mterest to many of your readers if L ord 1\:elvin 
would exp lain more precisely wha t he means hy the di tinction 
which be bas, somewhat dogmat ically, la id do\\·n between the 
formation of a crystal as ' fort ui tous' and the formation of an 
organism as d ue to 'creati ve and di rective purpose.' 

"I am not mi represen ting wh at L ord Kelvin has said on this 
ubj ect when I say that he seems to have formed the concep­

tion of a creator wh o, firs t of ali, without care or foresight, 
has produced wha t we cali ' ma tter,' with it s necessary pro­
pert ies, and allowed it to aggrega te a nd crystallise as a painter 
might allow his pig ments torun and in termingle on his palett e ; 
and then, as a second efTort, has broug ht some of these 
elements togetb er wit h ' creative and directive purpose,' mix­
ing them, as it were, with ' a ' ita l principle' so as to form 
li ving things, just as the pa inter might pick out certain colours 
from his confused palet te and paint a picture. 

" This conception of the intermitten t action of creative power 
and purpose does not, I confess , commend itself to me. Tha t , 
however, is not so surpri in rr a t hat it ho uld be thoug ht that 
thi curious concep tion of the action of crea ti ve power is of 
value to reli gion . \ Vhether the intermittent theory is a true 
or an erroneous concep ti n seems to me to have nothing to do 
with ' religion ' in the la rge sense of that word so often mis­
used . It seems to me lo be a kind of mythology, and I sh uld 
have thought could be of no special assistance to teachers of 

hristianity . Such theories of d ivided creati,·e operations are 
tra eable his torically to polythei m. 

" L as tl y, witb reference to L ord Kelvin ' statement th at 
' modern biologists are coming once more to a fi rm acceptance 
of something-and that is" a vi tal principle.' '' 1 will not ven­
ture to doubt thal L ord Kelvin has s uch persons among hi · 
acquaintance. On the other hand, 1 fee l some con f1clen e in 
stating that a more ex len ive acq ua in tance with modern bi Jo-
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o-ist would have led L ord Kelvin to perceive tba t tbose wbom 
he cites a re but a trifling percentage of the whole. I do not 
my elf know of an y one of ad mitted leader hip amano- modern 
biologists who is howing signs of ' coming to a belief in the 
existence of a vital prin iple.' 

"Bi logi ts w re, not many years ago, so terribly ha mper d 
by the e by poth etica l entities - ' vita lity,' 'vital spir its,' 'anima 
ai1i man ,' ' archetypes,' 'vis medicatrix,' 'providentia l ar ti ­
fice, ' and ot her which I canna t now enumera te-that they are 
very shy of etting a ny of t hem up again . P bysicists , on the 
otber band , seem to have go t on very weU with their proble­
matic entitie , the ir ' a toms ' and ' ether, ' and ' the sorting 
demon of Maxwell. ' H ence, perhap , L ord Kelvin offer to 
u , with a lig ht heart, the hy po the is of a 'a vital principle ' to 
mooth over so me of our admitt cl cl iffi u lties. On the other 

hancl , we biologists, lmowi ng the paralysino- in fluence of such 
bypotheses in the past, are as unwilling t have anyt hi no- to do 
with 'a vita l pri nci ple,' even thouah L ord Kelvin erroneousl y 
think we are coming to it, a we a re to accept other trange 
'enti tie ' pre sed upon us by otber physicists of a modern 
and ing ula rly adventurou type. Iod rn bi ologis ts (I am 
glad to be a ble to affi rm) do not accept the hypothesi of • tele­
pa thy' advoca ted by Sir Oli ver L odge, nor that of the intru-
ions of di embocl iecl spirits pressed upon them hy e thers of 

the ame chool. 

" 1 e biolog ists take no stock in the e myste ri ous en ti ti es . 
1 e think i t a more helpful method to be patient and to seek 
by obser va tion of, and experiment with, the phenomena of 
growth and cle, ·elùpment to trace the evolution of life and of 
living thi ngs without the facile and teri le hypothesis of ' a 
vital princip le.' inularly, we seek by the stucly of cerebral 
disease to trace the genesis of the phenomena wh ich a re sup­
posed by ome phy icists who haYe strayed into biological 
fie lds to j usti fy them in announcino- t he ' dis o,·ery ' of ' tele­
pathy ' and a beli ef in ghosts." 

F 
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C HAPT E R II 

THE ADVAXCE OF SCIEKCE , I88I- Jço6 

I PROPOSE to g iœ in the fo llowing pages an outline 
of the ad vance of cience in t he past twenty-fi ve 
years . It i nccessary to cl istingu ish t,,·o main kind s 
of adva ncement , both of which are importa nt. Fra nci 
Baco n gave the titlc 'Advanc ment of L earni ng' to 

th a t book tn \\'hich he explained not mer ly the 
methods by which t he increase of knowledge was 
possibl e, but aclvocat cl t he promotion of knowledge 
to a new a nd inH. uent ial position in the organi zation of 
hum a n soc iety. His purposc, says Dea n Church, was 
' to make kn O\d edge really and intelligent ly the inter t, 
not of the school or th e stucly or t he labora tory only, 
but of soc iety at larg .' So th at in surveying th 
aclvancemcnt of sc ience in the pa t quarter of ac ntury 
we hould ask not only what a re the new fac ts 
discovered, the new ideas a nd conceptions whi ch have 
come int act ivi ty, but what progress has science made 
in becoming rea ll y and intelligent ly th e interes t o f 

so icty at large. Is there evidence th at there is a n 

incrcase in the influenc of sc ience on th e live of our 

fe ll o\\'- c iti zens a nd in t he great affai rs of the State ? I s 

th ere a n increased provis ion fo r securi ng the progress 
of cient ific im·estiga tion in propo rt ion to the urgcncy 

of its need or an in crcased dispos ition to ec ure the 
mployment of really competen t men trainecl in sei nt ifi 

invest igat ion for the public servi e? 
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I. THE I CREASE OF K OWLEDGE IN TH E 

S EVERAL BRANCHES OF CIENCE . 

The boundaries of my own understanding and the 
practical considera tion of what is appropriat to a 
brief es ay must limit my a ttempt to g ive to the o· nera! 
reader sorne pr sentation of what has been goi ng on 
in the work hops of science in this last quarter of a 
century. My point of view is essentially that of the 
natural i t, and in my endeavo ur to speak of some of 
t h new things and new properties of thing discovered 
m recent years I find it is impossible to g ive any 
y t matie or deta iled acco unt of what bas been done 

111 ach di vi ion of science. Ali that I shall attempt i 
t o mention sorne of the di coverie which have aroused 
my own interest and adm iration. I fee!, indeed, th at 
it is nec s ary to a k forbearance for my pres umption 
in daring to treat of so many subject in which I cannat 
claim to speak as an a uthority, but only as a you nger 
brother full of fratern al prid and sympatby 10 the 
a]orion achievements of the great experim nta li ts and 
discoverers of our day. 

sone might xpect, th e progres of th e I\:n owlcdge 
of a tu r (for it is to th at rath er than to th e historical, 
moral a nd mental science that E ngli h- peakin a people 
refer when they use th word 'scienc ' ) bas consist d, 
in t h las t twenty-five years, in the am plification and 
full r verification of principle and th eori s already 
accepted, and in th e discovery of hi t herto unknown 
things which eith r have fa llen into place in the existina 
cheme of ach science or have necessitated new views, 

sorne not very di sturbin a to exi ting general conceptions, 
others f a more startling and, at fi rst sight, disconcerting 
cha racter. Ieverthele I think I am ju tified in sayi ng 

F2 
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tbat , exciting and of entrancing inte rest as haYe been 
orn e of t he discoveries of th e past few years, there bas 

been notbing to lead us to conclude that we have been 
o n th e wrong path- noth ing which is rca lly revolu­
t ionary ; th at is to say, noth ing wh ich canna t be 
accepted by an intelligible modi fi cati on of preYious 
conceptions. T here is, in fac t, continuity an 1 healtby 

evolution m t he realm of sc tence. \ Vbil st orn e 
onlookers ba \·e decl ared to t he public that science is 
at an end, its possibilit ie exhausted, a nd but li tt le of 
the hopes it raised realised, others haYe as erted on the 
contra ry, t ha t the new discoveries-such as those relating 
to t he X-rays and to rad ium-are so inconsistent with 
previous kn owledge as to sbake the founda tions of 
science, and to just ify a belief in any and every absu rdity 
of an unr st rained fa ncy. T bese two reciprocally de­
struct ive acc usati ons are due to a class of persons who 
must be descri bed as th e enemies of science. \ Vhether 
their atti tude is due to ignorance or traditions of el f­
interest , such persans ex is t. It is one of the objects of 
our scieot ific assoc iat ions and socicties to com bat t hose 
assert ions and to demonstrate, by t he discoveries an­
nounced at their meetings and the consequent orderly 
bu ilding up of t he great fa bric of ' natu ral knowledge,' 
that Sei nee has no t come to t he end of her work­
has, indeed, ooly as yet gi vcn mankind a forctaste of 
what she has in store for it-that ber methods and 
ber accompli hed res ult are so und and trustvvo rthy, 
servin rr wit h perfec t adaptab ility for the increase of t rue 
discovery and the ex pansion and d velopment of t hose 
genera l conceptions of the processes of nature a t which 
she aims. 

"A cw Chemicn l Elements .- T here can be no do ubt 
th at the past q uarter of a cent ury wi ll stand o ut for 



THE DV JCE OF S I ENCE 6g 

ever tn hum a n h istory as t hat in which new chemical 

elements, not of a n ord inary tY,pe, but possessed of 
tru ly as toundin g properti , were made known with 
ext raord in a ry rap idity a i d su reness of d monst ration. 
Interes tin O' a the oth rs a r , it is the di covery of radio ­
act iv ity a nd of th e element rad ium which so fa r exceeds 
a il oth ers in importance that we may well acco unt it a 
supr me pri vil ege that it ha fall en to our lot to li ve 
in th e days of th is cl iscovery. No single discovery ever 
made by th e sea rchers of nat ur ven approaches tha t 
f raclio-activ ity in respect of th e nov lty of th e 

p roperties of matter suddenly revea led by it . A new 
conception of the structure of matt r i nece sita ted 

a nd cl emonst rated by it, a nd yet, so fa r from being 

de tructive a nd cl isco ncer tin g, the n w co nception fit s 

in with, g rows out of, a nd j ust ifi es th e old er scheme 
which our previous kn owledae has formu lated . 

Before sayin g more of radio-act ivity, which is apt to 
eclipse in interest every other topic of d iscourse, I must 
r call to you th e d iscovery of the fi ve in ert gaseous 
elemen ts by R ayleigh a nd R amsay, whi ch belonO"s to 
the period on which we a re 1 king back . It was found 
th a t nitrogen obta in ed from the atmo phere invariably 
di ffered in weight from nit rogen obtain ed from one of 

its ch emical combin ations ; a nd t h us the conclusion 
wa a rrived a t by R aylei O' h that a di st inct gas is present 
in the atmosph ere, to th e ex te nt of r per ceut. , which 
had hi therto passed for nitrogen . T hi s gas was 
sepa ra ted , a nd to it th name a rO"on (the lazy one) was 

O"iven, on acco unt of its incapaci ty to combine with 
a ny other element. ubsequently this a rgon was found 

b Ramsay to be itse lf impure, a nd from it he obtained 
tl1ree other gaseo u elements equally in ert: namely 

neon krypton 1 a nd xenon. The ~ w~re a il cli s tin~ ui shed 
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from one another by the spectrum, the sign-manual 
of an element g iven by the light emitted in each case 
by the gas wh n in an incandescent condition. A fifth 
inert gaseou element was discovered by Ramsay as a 
const ituent of certain minerais which was proved by 
its spectrum to be id ntical with an clement d iscovered 

twenty-five years ago by Sir 1 arma n L ockyer in the 
a tmosphere of the un , where it ex i ts in enormous 
quantiti es . L0ckyer bad given th e name ' helium' to 
this new solar element, and Ramsay thus found it 
locked up in erta in rare minerais in the crust of the 

earth. 
But by helium we are led back to radium, for it 

has been found onl y two years ago by Ramsay and 
Soddy that helium is actually formed by a gaseou 
ema nat ion from radium. Astounding as the statement 
s em , yet that is one of the many unprecedented facts 

which recent study has brought to light. T he alchemist's 
dream is, if not realised, at a ny ra te justified. One 
element is actually under our eyes co nverted into 

another; th e element rad ium decay into a gas which 
changes into a nother element , na mely helium. 

R adium, this wonder of wonders, was di covered 
owi ng to the study of the remarkable phosphorescenc , 
as it is called-the glowing without bea t- of g lass 
vacuum-tubes through which electric currents a re made 
to pass. Crookes, L enard, a nd Rontgen each played 

an importa nt part in this study, showing that pec ul iar 
rays or li n ar streams of at !east three distinct kind s 

are set up in such tubes-ray which are themselve in­
visible, bu t have the proper ty of maki ng glass or other 
bodies which they strike glow with phosphorescent light. 
The celebrated Rëntgen rays make ordinary glass give 
out a bright green light; but they pass through it, a nd 
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cause phosphore cence outside in various ubstances, 
such as barium plat ino-cyanid e, calciu m t ungsta te, and 
many other such salts; they also act on a photographie 
plate and discharge an electrifi ed body such as a n elec­
troscope. But the most remarkable feature about th em 
is t beir power of penetrating substa nces opaq ue to ord i­
na ry light. They will pa s throtwh thin metal plates or 
black paper or wood, but a re stopped by more or Jess 
den e material. B ence it bas been possible to obta in 
'shadow pictu res' or skiagraphs by allowing the invisible 
Rontgen rays to pass through a lim b or even a whole 
animal, the denser bane stoppino- the rays, whilst th e 
skin, fl esh, and blood let them t h rough. They ar 
allowed to fall (stiJ l invi ible) on to a photographie pl ate, 
when a pictu re like an ordinary permanent photograph 
i obtained by thei r chem ical act ion, or they may be 
made to exert thei r phosphorescence-producing power 
on a glass pla te covered with a thin coating of a phos­
phorescent salt such as barium pla tino-cyanide, when a 
temporary pict ure in light and shade is seen . 

The rays discove red by Rontgen were known as the 
X-ray , beca use th eir exact nature was unknown . Other 
rays studied in the elec trifi ed vac uum-tubes a re kn own as 
cathode rays or radiant corpu cle , and others, aa-ain , as 
the Lenard rays . 

It occ urred to M. H enri Becq uerel, as he himse lf tells 
us, to inquire whether other phosphoresce nt bodies be­
sicles the glowing vacuum -tubes of the electricians' labo­
ratory can emit penetrat ing rays like th e X-rays . I -ay 
' otber phosphorescent bodie , ' for this power of glowing 
without beat-of givin g out, o to speak, cold light- is 
kn own to be passes ed by many mineral substanc s. It 
bas become familiar to the public in th e form of' phos­
phorescent paint,' which co nta ins sulphide of calcium, a 
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substa nce which shines in the ùark after exposure to sun­
light- that is to say , i phosphoresc nt. Other sulphides 
and the minerais fluor-spar , apa tite, so me gems, a nd , in 
fac t, n. wh ole list of s ubstances have, under different con­
ditions of treatment , this power of pho phorescence or 
shinin g in th e cl a rk with ut combust ion or chern ical 
cha nge . All , however, require some special treatment , 
such as exposure to sunlight or beat or pressure, to elicit 

the ph osphorescence, wh ich is of short d uration only. 
Many of the compounds of a somewh at uncommo n 

metallic element, called uraninm, used for givin g a fin e 
green colour to glass, a re phosphorescent suhsta nces, 

a nd it was, fortunately, one of them which H enri B c­
querel chose for exper iment. H enri Becquerel is pro­
fesser in th e Jard in des Plantes of Paris; his laboratory 

is a deli ghtful old-fashioned building, which had fo r m 
a sp cial interest a nd sanctity wh en, a few years ago, l 
visited hirn there, for , a hund red years before, it was th e 

d wellin g-house of the great C uvier. H ere H enri Bec­
querel's fa ther and grandfa th er- men renowned througho ut 
the world for th eir discoveries in m ineralogy, electric it y , 

and li ght- had work ed, and here he had hirnself g ne 

almos t daily fron1. his earliest ch ild hood. 1I a ny a n ex­
perim ent br~ngin g new knowledge on th e relation s of light 

a nd electricity bad H enri Becqu rel carried out in tha t 
quiet old-world place before the day on wh ich , about 
twelve years ago , he made th e ex perimental inquiry, 
' Does uranium give off penetrating rays like R ontgen 
rays?' H e wrapped a photographie pl a te in black paper, 

a nd on it placed and left lying there for twenty-four 

hours some uran ium salt. H e had placed a cross , eut 

out in t hin metallic copper, unde r the uran ium powder, 
so asto give some shape to th e photographie pr int should 
on e be prod u ed. It was produced. P enetratin g rays 
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were g iven off by th e uranium: the black paper was 
penetrated, a nd th e form of the copper cross was pr inted 
on a dark grou nd (fig. g) . The copper was also penetrated 
to ome extent by the rays from the uranium, so that its 
image was not left act ually whi te. On ly one step more 
remained before Becquerel made his great discovery. It 

was known , as I tated just now, that sulphide of calcium 
and simi lar sub tances beco111e phosphorescent when x­
posed to sunlight , a nd lose this pho pho resce nce after a 
few hours . Becq uer 1 thought at first tha t perhaps the 

ura nium salt acqu ired its powe;- imllar ly by exposure to 
light; but very soo11, by experiment.ing with uranium 

FIG. g.- 1-f ENRI BECQUERKL' s DISCO\"R RY OF RADIO · ACTIVITY. 

Photoara pbic print or skiagraph of a copper l\Ialtese ross produced 
by uranium salt placee! as a heap of powder on the su rface of black paper 
wrapped round a sensitive plate. Between the paper and the uran ium 
powcler the flat copper cross was interposee!. The rays from the uranium 
salt have penetratecl the blac k paper, but bave been. interceptee! to a la rge 
extent by the copper cross- so that the ensitive silver plate is clarkenecl 
a li about the cross-over an area corresponding to that of the heap of 
uranium salt, but is left pale where th e copper fi ure blocked the patb of 
the active rays gi ,·en off by the uranium , partia lly but not wholly. lt was 
tbu p ro,·ed that the rays from the ura nium salt can pas through 
blackened paper and a lso though to a less extent tbr ugb a plate of 
copper . 

alt long kept 111 th e da rk, he found th a t the emtsston of 
penetrat in g rays, givin g photogra phie effec ts, was pro­
duced sponta neously . The em i sion of rays by this 
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particula r sample of uranium salt bas sh own no 1gn of 
diminution since thi discovery. The em ission of pene­
trating rays by uranium was oon found to be independent 
of its phosphorescence. Phosphorescent bodies, as such, 
do not emit penet rating rays . Uranium compounds, 
wh ether phosphorescent or not, emit and continue to 
emit, these penetrati ng rays, capable of passing through 
black paper and in a less degree through metallic copper. 
They do not derive th is property from the action of 
li ght or any other treatment. The emission of these 
rays discovered by Becquerel is a new property of 
matter. lt is ca\led 'radio activ ity,' and the rays are 

ca\led Becquerel rays. 
From this discovery by Becquerel to the detection and 

eparation of the new element radium is an easy step in 
thought, though one of enonnous labour and difnculty 
in practic . Professor Pierre Curie (whose name I can ­
not mention without expressin g the grief caused to all 
men of science by the sad accident by which his !ife 
was taken) and h is wife, Madame Sklodow ki C urie, in­
cited by Becq uerel's discovery, examin ed the ore called 
pitch-blende which is worked in mi nes in Bohemia and 
is fou nd also in Cornwall. lt is the ore from which all 

ommercial uranium is extracted . The Curies found 
that pitch-blende bas a radio-activ ity four times more 
powerfu\ than that of metallic uranium itself. They at 
once conceived the idea t hat the radio-activity of th 
uranium salts examined by Becquerel is due not to the 
uranium itself, but to another element present with it 
in variable quantities . T h is proved to be in part true. 
The refu se of the fir t processes by wh ich in the manu­
fact urer's works the uran ium is extracted from its ore, 

pitch -blende, was found to contain four times mor of 
the radio-act ive matter than does the pure uranium . 
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By a long series of fu sions, solutions, and crystalJizations 
the Cu ries succeeded in 'hunting down,' as it were, the 
radio-act ive element. Th e first step gave them a powder 
mixed with bari um chloride, an d having 2,ooo tim es the 
activity of th e uranium in which Becq uerel first proved 
the exis tence of the new property-radio-ac ti vity. Then 
step by step they purifi ed it to a co ndition I o,ooo tim es, 
then to I oo,ooo time , and fi na lly to the condition of a 
crysta lline salt havin o- I,8oo,ooo times the ac ti vity of 
Becq uerel's sample of ura niu m. The purification could 
go no further, but th e ex traordinary minuteness of th e 
quantity of the pure rad io-ac tive substance obtain ed 
and the amount of la bour and tim e expended in pre­
pa ring it may be judged of from the fac t that of one 
ton of the pitch-blende ore submitted to th e process of 
purifi ca tion only the hundredth of a g ram-the one­
seven th of a gra in- rema in ed . 

The am ount of radium in pitch-blende is one ten­
milJionth per cen t. ; ra rer tb an gold in sea-water. The 

marveJ of this story and of a il that follows consists 
large ly in th e skill and accu racy with wbich our chem ists 
a nd physicists have learnt to deal with such i·nfin itesimal 
quanti ties, and the gigantic theoretical res ul ts which a re 
sec urely posed on this pin-point of sub tantia l ma tter. 

T he Cu ries a t once determined that th e minute 
quan tity of colourless crys tals they had obtain ed was 
the ch loride of a new meta ll ic elemen t wi th the atomic 
weight 225, to which they gave the na rne radium. The 
proof that radium is an element is given by its ' sign­
manual '- the spectrum which it shows to th e observer 
wben in the incandescent sta te. It consists of six bright 
!ines and tbree fa inter !ines m th e visible part of the 
spectrum, and of three very intense !ines in the ultra­
violet (i nvisibl e) pa rt (fi g . Io). A very minute quan tity is 
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FI G. 10. 

A diagram of the visible !ines of the spectrum f the elements Rad ium 
and Helium-when rende red incancle cent by electric 'sparking' in a glass 
tube : kinclly prepa red for this book by :Mr . F reclerick odcly of the 
University of Glasgow. The po ition of the ch ief great !ines of the solar 
spectrum are marked on the lowest hori zonta l line . On the upper line 
the wave- length of the rays occupying the position in cl icatecl, are g iven . 
The fig ure 72 mea ns that the wave-length of the ray occupy ing this 
po ition when refractee] by the prism of the spect roscope is, as meas ured 
from crest to crest of the unclulation, seven hunclred and twenty millionths 
of a millimetre. It is generally written 72o·o l'P.· 

Lines exist at the ultra-violet end of the spectrum which can be 
photoaraphecl but do not affect the eye- that is to say a re in vi ible . On 
the other band the !ines of the red end of the pectrum do not procluce a 
photographie effect. Consequent! y a 'pholopmphed' spe trum su ch as 
that given in the nexl fig ure (fig. u) differs in the line presented bath at 
the red and the violet encls from the visible series of ]ines . Th e two 
(v is ible and photograpb ed spectra) agree only from waYe lengtb 587·6 p.p. 

to wave-length 447"2 p.p.. 
The two spectra given in f1g. 10 show how great is the difference in the 

position and number of the bands of Radium a nd H elium-yet as shawn 
in the next figure (fig. u) the "emanation" from Radium actually is 
tran formed into H elium. 
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enough for t his observat ion ; the lines given by radium 
a re caused by no other known element in heaven or 
earth . They prove its tit le t o be entered on the roll-call 

of elements. 
The atomic weight was determined in the usual way 

by prec ipitating the chlor ine in a solution of rad ium 
chlor ide by means of silver. None of the precious ele­
ment was lost in the process, but t he Curies never bad 
enough of it t o venture on any attem pt to prepare 
pure metall ic rad ium. T his is a piece of extravagance 
no one bas yet da red to undertake. Altogether th e 
Curies did not have more than sorne four or fi ve grains 
of chloride of radium to experiment wi th, and th e tota l 
amou nt pre pa red a nd now in the bands of scient ific 
m n in varions parts of the world probably does not 
amount to more than sixty grain at most. vVhen 
Professor C urie lect ured on rad ium four years ago a t 
the Royal I nstitution in London he made use of a small 
t ube an inch long and of one-eighth bore , containin g 
nearl y th e whole of his precious store, wrenched by 
sncb de termined labour and consummate skill from tons 
of black shapeless pitch-blende. On his return to P aris 
he was one day demon trat ing in his lectu re room vv ith 
th is precious t ube the properties of radium when it 
slipped from h is bands, broke, and scattered fa r and 
wide the most precious and magical powder ever dreamed 
of by alchemist or artist of roman ce. E very scrap of 
du t was immediat ely and carefully collected, dissolved, 

and re-crystall ized, and t he disaster averted with a loss 

of but a minute fract ion of the invaluable prod uc t. 
Thus, then , we have arrived at the disco very of 

radium- the new element endowed in an intense fo rm 
with the new property 'radio-activity' discovered by 
Becquerel. The wonder of t his powder, incessantly and 
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without loss, under any a nd a li conditio ns pouring forth 

by virtue of its own intrin s ic property powerful rays 

capable o f penetrating o paq ue bodi es an d o f exciting 

phosphorescence a nd ac ting on photographie pla tes, can 

perhaps be reali zed wh en we reflect thal. it is as mar­

vellous as though ~ve should dig up a stone which with o ut 

ex te rnal influe nce or change, con tin uall y pou red forth 

lig ht o r hea t , m a nufac turing bo th in it self, and not 

only continuin g to do so without appreciable los or 

change, but necessa rily ha vina a lways don so for count­

less ages whil s t sunk beyon d the ken of ma n in the 

bowels o f the earth. 

\ Vonderful as the sto ry is , so fa r it is really simple 

a nd commonplace compared wit h what yet rem a ins to 

be told. 1 will o nly barely a nd abruptly state the fact 

that radio-activity h as bee n discovered in other elements, 

sorn e very ra re, such as actinium and polon ium ; others 

more abu nda nt a nd a lready kn own, s uch as thorium and 

uranium , though the ir rad io-activity was not known until 

Be q uerel 's pion eer-discovery. It i a littl e st range a nd 

no doubt sig nifican t th a t, a fter a li, pure uranium is 

found to have a radi o-activit y o f it s own and no t t o have 

been a ltogeth er usurping the rights o f its infinites im a l 

associa te . 

The wonders con nected with radium really begin 

when t he experim ental exam in a tion of the properti s of 

a few g ra ins i m ade . \ N' ha t 1 am sayin g here is not 

a syste matic, techni cal acco unt of radium; so 1 sha ll 

venture t o rela te some o f th e story as it impres es m e . 

L eav ing as ide fo r a mome nt what ha s been done in 

regard t o the m ore p recise examination of th e rays 

emitted by radium, th e follovv ing aston ish ing fac ts have 

been fo und o ut in regard to it: (I ) If a g lass tube co n­

t a ining radium is much handled or kept in th e wa istcoat 
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pocket, it p rodu ce a destruc tion of the sk in a nd fl es h 

over a small area-in fact , a ore place. (2) The smallest 
t race of radium brourrht into a roo m where a cha rged 
electroscope is present, causes the discharge of the 
elec troscope. So powerful is th is elect rical ac tion of 

radium that a very sensitive elec trometer ca n detect th e 
presence of a quant ity of radiu m five hundred thousand 
times more min ute t ha n that which ca n be de tec ted by 
t he spec troscope (t hat is to say, by the spectroscopie 
examination of a flam e in which minu te traces of rad ium 
are presen t). (3) R adium ac tua! ly realises one of the 
proper ties of the hypothetical s tone to which I compa red 
it givinrr out light and hea t. F o r it does give out beat 
which it makes itself inces antly a nd wi th out app recia ble 
los of subs tan ce or energy ('apprecia ble ' is berc a n im­
portant q ual ify ing term). It is also fa intly se1f-1uminous. 
Fairly sensitive th ermom eters show that a few granules 

of radium salt have always a high er temperatu re tha n 
tha t of surroundi ng bodies. R adium has been proved to 
give out enough beat to melt rather more t han its own 
weight of ice every hou r ; enough bea t in one hour to 
ra ise its own weirrht of water fro m th e freezing-poi nt to 
the boiling-point. After a year and six weeks a gra m of 

rad ium has em itt ed enough bea t to raise the temperature 
of a th ousand kilog ra ms f water one degree. And this 
is a lways go ing on. EYen a smal! quan ti ty of radium 
d iffused th ro ugh the earth will suffi ce to keep up it 
tempera ture against a l! Joss by radiation ! If the sun 

consists of a fract ion of one per cen t. of rad ium this 

will acco unt fo r and make good the beat tha t i a nnually 
!ost by it. 

T his is a tremendous fact, up etting al! the calc ul a­
t ions of physicists as to the duration in past and future 
of the sun's heat and the tempe rature of the earth 's 
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surface. The geologists a nd the biologists have long 
con tended th a t sorne thousand million years must have 
passed during which the earth 's sur face bas presented 
approxim ately the same co nditio ns of temperature as a t 
present, in a rder to all ow time for th e evolution of li ving 
things a nd th e for mation o f t he aqueous depo its of the 
earth 's crust. The phy icists, notably Professor T ai t 

a nd L ord Ke lvin, refused to a llow more tha n ten millio n 
years (which they subseq uently increased to a hu ndred 
mill ion)-basin g this estim ate on th e rate o f cooli ng of 
a sphere of the size and composition of the earth . They 
have assum d th a t it s ma teria l is self-cooling . But, as 
Huxley poin ted out , mathematics will not g ive a true 
re ult when applied to erroneous data. It has now, 
within these last five years, become evident th a t the 

earth 's material is not self-cooling, but on th e con trary 

self-heating. And away go the restrictions imposed by 

physicists on geological tim e. They now are willin g to 
give us not merely a thousand million years, but as many 

more as we want. 
And now I have to rn ntion the stranges t of a il the 

proceed ings of radium-a proceedin g in which the other 
radio-act ive bod ies, actinium and thorium, resem ble it. 
T his proceedin g has been ent irely I~uther ford 's discovery 
in Canada, and his name must be always assoc iated wi th 
it. Radium (h e discovered) is continually givin g off, 
apart from a nd in addition to the rectilin ear dart ing 

rays of Becquerel-an 1 emanation '-a gaseous 1 emana­
tion.' T his 'ema nation ' is radio-active-that is, gives 
off Becq uerel rays-and deposits ' something' upon bodies 
brought near t he radium so th a t th ey become radio­
active, and remain so for a time after t he radium is 
itself removed . This ema nation is always bein g form ed 

by a rad ium salt, a nd may be most easily collected by 
G 
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d issolv ing the salt in water, when it comes away with 
a rush, a a gas . S ixty milligrams of bromide of rad ium 
y ielded to R a msay a nd Soddy . IZ-+ (o r abo ut one-eighth ) 
of a cub ic millimet re of this gaseous emana tion. \~hat 

is it ' It cannot be dest royed or altered by beat or by 
chemica l agents; it is a heavy gas, having a molec ula r 

dens ity of roo, a nd it can be co nd ensed to a l iqu id by 
exposing it to the great cold of liquid a ir. It gives a 
pec ulia r pect rum of its own, and is probably a hi therto 
un known in ert gas-a new element simil a r to argo n. 
B ut thi s by no means com pletes its history , even so fa r 
as ex periment have as yet gone. The rad ium eman ation 
decays, changes its character al together, and loses ha lf 
it s radio-activi ty eve ry four days. Precisely at the sa me 
rate as it decays t he specimen of rad ium salt from which 
it was removed forms a new quantity of ema na t ion, 
hav in g j u t th e amou nt of radio-act ivity which bas been 
]ost by t he old ema nation. Ali is not kn own abou t t he 
decay of th e emanation, but on thing i absolutely 
certa in, hav ing first b en discovered by Ra m ay a nd 

Soddy and subsequently confirmed by ind ependent ex­
perim ent by Madame C urie. It is this: After being 
kept th ree or four days the emanat ion beco mes, in part 
at ]east , converted into helium-the ligh t gas (second 
only in the list of el men ts to hyd rogen), th e ga found 
twenty-five yea rs ago by L ockyer in the sun, a nd since 
obtained in some quant it ies from rare radio-act ive mine­

rais by Ramsay! T he proof of the format ion of heli um 
from t he rad ium emanation is, of co urse, obta ined by th e 

spectroscope, and its evidence is beyond assai! (see fi g . rr ). 

H ere, th en, is the partial conversion or decay of one 
element , radium , through an intermed iate stage in to 
another. And not only t ha t, but if, as seems probable, 
the presence o f helium indicates the previous presenc 
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fTube containing 
Helium gas de­
rived rom th~ 

l mineral Cle ve­
landite. 

{

T'ube of~~adium 
emanauon, a 
yea r old. 

{

Tube o f Hydro­
gen gas for 
comparison. 

Photographs of the "spark" spectra of A, Helium as extracted from 
the mineral levelandi te of B, the R;~dium "emanation " after a year 's 
enclo ure in the tube used and o[ C of H yd rogen gas: copied from the 
paper by M r . F. G iesel in the Berichtc del' Deutsch en Che mischen Gescllschajt, 
vol. xxxix, part 10. 

The three photograpbs are accurately super-impo ed so as to show the 
coïncident !ines. 

The spect rum Bof the tube containing radium emanation is the one 
which we are comparing with the other two . " ' ben the radium 
emanation was first enclosed there was on ly a small quantity of helium 
cleveloped in it, but a fter keeping for a year the quantity bas grea tly 
increa ed. After live minutes" sparking" (passage of the elect r ic spark 
through the tube) the chief !ines of helium become evident but faint in 
inten ity. The present pbotograph B wa obtained after forty minutes 
parking, and one result of that longer "sparking" ha beeu that a minute 

quantity of water va pour in the tube bas been broken up- so asto y ield th e 
hydrogen spectrmn, which is accordingly seen accornpanying the now strong­
and brightly developed helium spectrum. · 

The !ines of the spectrurn B which cor respond with those of byclrogen 
are at nee recogn isecl by the ,juxtaposition (below) of the pure H ydrogeP 
spectrum from an ether tu be- C: the liu es in B belonging to and indicatiug 
helium are a lso recogn ised by comparison with the pure helium spectrum 
of the tube A juxta-posed above. A ,·er y few of the !ines in B must be due 
to ether minimal impurities as they are not present either in A or C. 

Tbirteen li nes of the helium spectrum are thus photographed and 
recogni ed in the radi um emanation. 

The following !ines a re present in the photographie but invis ible 
spectrum of radium (no t given in fig. ro), viz. at 3Sr47 1-'1-' (the strongest 
line in the rad ium spect rum) and at 364·96 (a ~trang line). 

I n the photographie but invisib le pectrum of helium there are three 
very faint line between wave-length 447'2 and 443·7 (appearing as t"o 
only in our photograph); a rnoderately strong one at 438 ·8; others at 
414·4, at 4r2·r, at 402·6, and 396·5; a very strong one is present at 388·g, 
and a ve ry faint one at 3 r·g. Ali these are seen in the ph otograph A and 
a is in B. Spe ial treatment and spectroscopes reveal four other very 
faint !ines in the helium spectrum-the one funhest in the invisible 
direction [(that is of h ighest refrang ibility and lowest wave-length) being 
placed at,3r86 ( oddy). 

GZ 
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of rad ium, we have t he evidence o f enormous q ua ntlt tes 

of radium in th e sun, for we know helium is t here in vas t 

qua ntity. Not only that, bu t inasmuch as helium has 
been discovered in most hot springs a nd in \·a rious rad io­

active min erais in the earth, it may be legit imately a rg ued 
t hat no inconsiderable quantity of rad ium is p res nt in 

th e earth. In decd, it now seems probable th a t there is 

eno ugh radium in th e sun to k p up its con tinuai output 
of hea t, a nd enough in the earth to make good its loss 

of heat by radi ati on into space, fo r a n almost ind efin ite 

period . O th er experim ents of a s imil a r kind have ren­

clered it prac ticall y certai n that radium it se lf is form ed 
by a somewhat simila r transformation of ura nium, so t ha t 

our id as a to th e perm anence an d immutabil ity on t hi s 
globe of th e chemical elemen ts a re d st royed, a nd must 

give place to new conceptions . It see ms not improbable 

tha t th e fina l produc t of t he radiu m em an ation a ft er the 

helium is removed is or becomes the meta l lead ! 
It must be obvious from ail th e foregoin g th a t rad ium 

is very slowly, but none the Jess s Ul·ely , clest roy ing itse lf. 
There is a cl efin ite Joss of particles which, in th e cour e 

of time, must lead to the destructio n of the radiu m, a nd 
it would seem t l1at the larcre new cred it on the bank of 
t ime given to bi ologists in conseq uence of its cli scovery 

has a cl e fi nit e, i f remote, limit. With the quan t ities of 
radium a t pre nt avai lable for exper im ent , th e a mount 

of Joss of par ti cles is so smal l, and t he rate so slow, 

that it cannot be weighed by the most delica te ba la nce. 

N evert hele s i t has been calcul a ted th a t radium \\' ill 

t ran s form half of itself in about fift een hundred years, 

a nd unl ess it were bein g prod uced in some way a li of 
the radium now in existence would d isappear much too 

soon to make it an im portant geological fac tor in the 
ma in tenance of th e eart b's t emperature. As a reply to 
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this deprec iatory statement we have the d iscovery by 
Rutherford and others that radium is co ntinually being 
form ed a fresh , and from tha t pa rticular element in con­
nec ti on with whi ch it was discovered- namely, ura nium. 
H ypotheses and experiments as to th e deta ils of this 
process a re a t this mo men t in full swing, and resu lts 
of a momento us kind, involving the building- up of an 
element with high atomic weight by t he interac tion of 
elements with a lower atomic weight, a re thought by 
sorne physicists to be not improbable in the immediate 
fu tu re. 

The delicat e el ·ctri te t fo r radio-act ivity has been 
laraely appl ied in the last fevv year to al! sorts and 
condition of matter. A a re ult it appears that th e 
radium emanat ion is always present in our atm osphere; 
that t he air in cav is p cially r ich in it, a are 
underground waters. Tin-foil, gla , silver, zinc, lead, 
copper, pla t in um and aluminium a re, ail of them, 
lightly radio-active. The question has been ra i d 

whether th is widespread radio-act ivity is clue to the 
wid d i emina ti on of in fi nitesim al qu antities of strong 
radio-act iv elements, or wh eth er it is th e na tural in­
trinsic property of all matt r to emit Be q u rel rays. 
This is the immedia te ubject of research . 

O ver a nd abov th e more simply appreciabl facts 
-vvhich I have thus narrated, th ere come the ne essary 
and difficult in qui ry, \ iV hat do it a il mean ? vVhat 
a1'e the Becquer 1 rays of rad io-act ivity? \ iV hat must 
w conceive to be the structure a nd mec hanism of the 
atoms of rad ium and allied elements, which can not 
only pour forth ceaseless tream of intrin sic energy 
from th ir own isola ted substanc , but a re perp tu­
ally, though ll1 infi nitesim al proportions, cha nging 
thei r elementa l na ture spontaneo usly, so as to g ive 



'6 T E-IE KI GDO J\f OF MAN 

n se to oth e r a toms w hich W è recogn1sc as o t hcr 

e le me nt ' 

I cann ot vcntur as an exposito r into th is fi e ld. I t 

belo ngs to th a t ,,·onder ful g roup o f men , the mode r n 

phy ic ist , who ,,·ith a n almos t we ird po\\'e r of v isua l 

imaginat io n co mbin e t he g reat in st r ume nt o f exact 

ta te mc n t a nd m en tai man ipul a tio n cal led ma t he mat ic , 

a nd posses a n ingc nui ty and d elicacy in appro p riate 

e xperim - nt \Yhi ch mu s t fi]] a ll ,,·ho e \·en pa rt ia lly fo ll ow 

th e ir triu mphant ha nclling of Nature ,,·ith re ,·c re nce a nd 

admirati on . Such me n no,,· or rec ntly a mong us are 

Kelv in , C l rk i\I ax,,·e ll, Crookes, Rayleig h , a nd J. J. 
Th o m o n. 

Becqu erel sho,,·ed ea rly in his study of t he rays 

e mitted hy rad ium that som of th em could he be n t 

out o f th ei r s tra ig h t pa th by ma king t hem pass be t ween 

t he poles of a powerful e lectro-magnet. In t h is way 

have fin a lly been dis ti ngn ished t hree el a ses o f rays 

g i v ' Il off by radium : (r ) the alpha ray s, ,,·hi ch a re on 1 y 

sl ig htly bcnt. a nd have little pene t ra tive po\\'e r : (2) t he 

be ln rays, eas i ly ben t in a cl irec tio n o p po i te to t h at in 

whi c h th l! a lph a rays bencl, a nd o f cons id era bl e p ene­

trat ive po,,·er: (3) th e gamma rays, wh ich a re absolut ly 

unbendabl e by t he st ro nges t magnet ic fo rce, a nd ha ve 

a n ex traorcl ina ry pen et ra ti ve power, producing a p ho to ­

graphie effec t thro ug h a foo t t hi ck ness of so licl iro n. 

The n!plw rays a re shO\m to be s t rea ms of t iny 

bod ies po itively clec tr ifi ecl , such a a re g iven o ff by 

gas ft a m a nd red- h ot metals . T he parti cles have 

abo ut h,·ice the mass of a hydrogen a to m, a nd t h y 
fl y off ,,·ith a velocity of 2 0 ,000 miles a . econd : th a t 

is, -t-o ,ooo times g rea ter t ha n t ha t of a rifle bu ll et . 

The heat procl ucecl by radium is asc ribecl t o th e impact 

of th ese pa r t icl es o f t he alpha rays . 
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The beta rays are streams of corpuscles simila r to 
tho e g iven off by t he ath ode in a vacuum tub . 
They ar charged vvith n gat ive lectricity and t ravel at 
the velocity of r oo,ooo m il es a seco nd. They are far 
more minute th an th alph a pa rti cles . T heir mass is 
equal to the one-thousand th of a hyd roge n a tom. They 
produce the major part of the photograph ie and phos­
phor scent effects of the rad iu m rays . 

The ga 111ma rays are appa rently th e same, or nearly 
the same, thing as t he X-rays of R éi ntgen. They a re 
probably not partiel s a t ali , but pu! es or waves tn 

th e ether et up during th e ejec tion of th e co rpu scles 
which co nstit ute the beta ray . T hey prod uce the 
ame effec ts in a much smaller degr e as do th e be ta 

ra s, but are mor penetrating . 

The kin d of one ption · t o wh ich these a nd like 
di coveri s hav led th e mod rn phys icist in r gard to 
the charac ter of th at supposed u nbreakabl e body-th e 
chemical atom- th e im pie an d un affec ted fr iend of our 
youth- are truly asto undin g . Nevertheless, th ey a re 
not destru ct ive of o ur previ ou conceptions, bu t rath r 
laborat ion a nd developments of the sim pler views, in­

t roducing th e noti on of ·t ructure a nd mechanism, 
agita ted and whirli ng with trem endo us force, in to vv hat 
we fOL·m erly co nceived of a homo<>en èous or sim ply 
built-up particles, th e earl ier concept ion be ing not so 
much a positive a ser tion of simplicity a - a non- com­
mittal expectant formula awaitina the p rogre s of know­
ledge a~d the revelations which a re now in our ban d . 

s I have already stated, the att mpt to show in 
d tail how th e marvellous p roperti es of rad ium and 
radio-activity in ge nera l are th us capable of a pictoria l 
or structural repre en tation is beyond the limits of the 
present e say; but the fac t that such spec ulat ions 
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furn isb a scheme into whi ch t he observ d phenomena can 
be fit ted is what we may ta ke on th e author ity of the 
phy icists a nd chemis ts of our day . 

In tima tely conn ected wit h ali th e work wh ich has 
been done in the past twenty-five years in th e nature 

a nd poss ible transform ations of atoms is the great 
series of im·est igations an d speculat ions on astral chem­
is try a nd th developm ent of the che mica l elements 
which we owe to th e umemitting labo ur d urin g thi s 
peri od of Si r N arman Lockyer. 

ll'ùreless te legrnplzy .-O f great importa nce has been t he 
wh ole progress in the th eory and pract ical handl in g of 
electrical phenomena of late years. T he discovery of 
t he H ertz ian waves and their applicati on to wireless 
teleg ra phy is a featu re of this period , though 1 may re­
minci some of those who have been im pressed by th ese 
d iscove ri es that the mere fact of el ctri cal action a t 

a d istance is that wh ich hundreds of years aga gave to 
elec tricity its name. The power which we have gain ed 
of mak ing a n instrumen t oscilla te in acco rdance wit h a 
predetermined code of signall ing, a lthough detached an d 
a th ousand mi les di stant, does not really !end any nevv 
support 1 to the not ion that the old-time beliefs of thought­
tra nsference and seco nd sight a re more th an illusions 
based on incomplete observation and imperfec t reasoni ng. 

For the impo rta nt fac tors in such human interco urse­
namely, a signa lling-instrumen t and a code of signais­

ha ve not b en d iscovered, as yet in th e struct ure of the 

hu ma n body, and have to be consciously devised a nd 

manufactured by man in the only examples of th ought-

1 l t sccms nccessary to emphasizc thal 1 hcrc say merci)· th at no 
'· ne\\' support " is gi \·cn lo the notion of so-called telcpathy, a upport 
some pcr ons ha\·e wrongly claimcd. 1 do not ay lhat the notion i 
rcndercd Jess likely lo pro\'e truc !han it was beîore. 
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trans ference over long distances at present di scovered or 
la id bare to ex perim ent and obs rva tion. 

H igh and law tempe1'ntures .-The past quarter o f a 
cent ury h as witn essed a g rea t developm ent and applica­
ti on of the methods of pra d uci ng ba th very low and very 
higb temperatures. ir J a mes Dewa r, by improved 

appara tus, bas prod uced liquid hydrogen and a fall of 
tempera ture p robab ly reach ing to the absolute ze ro. A 
nu mber o f applications of extremely low temperatures to 
research in various directions bas been rendered possible 
by th e fac ility with which they may now be procluced. 

imila rly high temperat ures have been employed in con­
tinuation of the earlier work of Devill e, and others by 

Moissan, the di ting ui shed French chemist. 
P.rog·ress in Chemistry .- In chemistry genera lly the 

theoretical tendency gu iding a great deal of work has 

been the compl etion and verifi ca tion of the 'periodic law ' 
of Mendeléeff ; a nd, on the other band, the search by 
phys ical age nts such as light and elec tricity for evidence 
as to th e arra ngement of a toms in the molecules of th e 
most diverse chem ical co mpo unds. The study of 
'valency' and its outcome, stereo-chemistry. have been 
the speciallines in wh ich che mi stry bas advanced . As a 

matte r o f course hundreds, if not thousands, of new 
chemical bodi es have been producecl in the laboratory of 

greater or Jess theoretical interes t. The discovery of the 
g reatest practical and industr ial im portance in this con­

nect ion is the production of indigo by syn th etical pro­
cesses, firs t by labora tory an d then by factory methods, so 
as to compete successfully with the natural product. 

on Baeyer a nd H eu ma nn are the names associated with 
this remarkable achievement, which bas necessaril y dis­
located a large industry which derived its raw material 
from British India . 





FIG. 1 2 . 

Thi fig ure sho uld be examined witb a magnifying gia . It is a 
di rect reproduct ion of a pbotograpb of a detacbed nebula and sur­
rounding stars in ygnus by Dr. 1ax W olf of Heidelberg (reprod uced 
by permission from the Monthly Notices of the Royal Astr onomical 

ociely, vol. lxiv, P late 18, p. 839, q.v.). T he expos ure was fou r hours on 
J uly roth, 1904, with a camera the lenses of which have a d ia meter of 
sixteen incl1es . The picture i en la rged so that the apparent diameter of 
the un or l\l[oon would be about Irr inch on the same scale (one minute, 
or sixl ieth of a deg ree, equals one millimetre). 

The "apparent d iameter" of the sun or moon is about one in II5: 
that i to ay that a covering dise of any size you li ke can be made 
exactly to coïncide wit b and "cover " the dise of the sun or moon provided 
that yon place it a t a distance from the eye egua l to II5 t imes its own 
cliarneter- thus a el ise of an in ch in cliameter (say a ha lfpenny) \lill just 
"cover" the sun or moon if placecl a t a di tance from the eye of a little 
Jess than ten fee t, a tbreepeuny piece will cover it at about six fee t, and a 
dise of somewhat less than half that size when held at a rm 's length . 

The nebnla (on the hori zontal A A) is een urroundecl by a clark 
pace-at the end of a long clark Jane or " r ift " whi ch remin ls us of the 

t rack left by a snowball rolled a long in the snow. Ha the nebula in some 
mysterious way swept up the stars in its journey through space? W e 
cannet at p re ent either affirm or deny uch interpretations. 

One or two of the brightest of the su rrouncling stars might just be seen 
by an acnte eye un a iclecl by a telescope-but no more. The best ex isting 
telescopes would show on/y the la rge nebula r body on th e line A A) and 
the larger white spot ; the fin es t elu t-like par ticle a re stars of which th e 
existence is only clemonst rated by prolonged photographie exposures such 
a this, witb a lens which focuses its image on to the dn' plate. The old 
"wet-plate" wou id not remain wet sufficient ly long to "take" the picture . 

It should be borne in mind in looking at this picture that each of the 
minute t whi te spots is probably of at !east the sarne s ize as our own sun : 
further, that each is probably surrounded by a planetary system similar 
to our own . 

,.., 
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.·J stroll omy .-A biologist may weil refuse to offer a ny 

remarks on his own a uthori ty in regard to this earliest 
a nd g ra ndest of all the sciences . I will therefo re at one 
say th a t my fr iend th e Savil ia n Professer of As tr nomy in 
Ox ford has turn ed my th oughts in the rig ht direc tion in 
regard to this subj ec t. There is no doubt th at th ere has 
been an immense 'revival' in as tronomy since r88 r; it 
has d veloped in every direct ion . T he inven tion o f th e 
'dry pla te,' which has made it pos ible to apply photo­
graphy freely in a il astronomical vvork, is the chi ef cause 
o f its grea t expansion. Photography was appl ied to 

astronomical work before r88r, but on ly wi th difnculty 
and halti ngly . It was the dry-plate (see Fig. r z) which 
made long ex posures possible, and t bus enabled astrono­
mers to ob ta in regular records of fa intly lu m inous abj ec ts 
s uch as neb ul ce a nd star-spectra. Rough ly speakin g, t he 
num ber of sta rs visible to t he naked eye m ay be sta ted as 
eight th ousancl: this is ra iscd by the use o f our best 
te lescopes to sorne hun dred million . But th e number 
whicb can be photograph ed is indenn ite a nd depends on 
length of cxposure : sorne t h ot~sands of millions can 
ce rta inl y be so recorded. 

The se rions practical proposai to ' cha rt the sky ' by 
means of photography certainly dates from this side of 
r88 r. The Paris Co nference of r 87 , wh ich made a n 
intern a tional scheme fo r sharing the sky arnong eig h teen 
observa tories (still busy with the work , a nd producing 

excellen t results), originated with photographs of the 
comet of r88z, ta ken a t the Cape Observa tory. 

Profe or Pickering, of H a rvard, did not j oin this 
co-opera tive scheme, but has g rad ually devised methods 
of cha rting the ky very rapid ly , so that he has at 
H arvard records of t he whole sky many times over, a nd 
when new abjects a re dis overed he ca n trace their 
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history bnchwards for more than a dozen years by ref r­
enee to his plates. This is a wonderful new method, a 
mode of keeping record of present movements and ch anges 
which prom ises m uch for th e future of astrono my . By 
the photographie method hundreds of new variable star 
a nd other interes t ing objects h rt. ve been d iscovered. New 

planets have been detect d by th e hundred. Up to r88 r 
two hundred a nd twenty were known. In r88r only one 
was fou nd; nam ely, S tephania, being No. 220, discovered 
on May r g. Now a sco re a t ]east a re discovered eve ry 

year. Over 500 are now kn own . One o f these-Eros­
( o. 433) is parti cula rly interesting, sin ce it is nearer to 
th e su n th a n is Ma rs, and g ives a splendid opportunity fo r 
fixin g with increased accuracy th e sun's dista nce from the 
earth. T wo new sa te ll ites to a turn a nd two to Jupite r 
have bee n d iscovered by photography (besides one t o 

Jupiter in r 92 by the vis ua! telescope of th e Lick Obser­
va tory) . On e o f the new satellites of Saturn goes round 
that planet t he wrong way, t hus call ing for a fund a ­
mental revision o f our ideas of the orig in of the sola r 

system. 
The introd uction of photography bas made an 

immense d ifference in spec trosco pie work . The spect ra 
of the sta rs have been readi ly mapped out a nd classified, 
a nd now th e motions in the line of sight of faint stars 
can be determinect. This 'motion in the line of sight ,' 
which wa discernible but scarcely measurable with 

acc uracy before, now provides o ne of th e most refin ed 
methods in astronorny for asce rta ining the d im ensions 
and motions o f the universe . It g ives us velocities in 
miles per second instead of in a n ang ul ar unit to be inte r­

preted by a very imperfec t k nowledge of the sta r 's 
distance. The method, initiated practically by Huggins 

thirteen years before, was in r88r regard ed by many 
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astronomers as a curiosi ty. Visual observations were 
begun at G reenwich in 1875, but were found to be affected 
by instrumental errors. The introduction of d ry pla tes, 
and their application by Vogel in r 87, was th e be­
ginnin g of gen ral use of the method, and line-of-s ight 
work i now a vast depart men t of as tronomical ind ust ry. 
Among other by-prod ucts of the method are the ' spec­
troscopie doubles,' stars which we know t o be do uble, 
and of which we can determine the period of revolution, 
though we cannot separate them vis ually by the greatest 
telescope . 

\Vork on the su n has been entirely revolu tionised 
by the use of photography. The last decade has seen 
the in vent ion of the spect ro- heliogra ph- which simp ly 
means that ast ronomers can now study in detai l portions 
of the sun of which they co uld previously only get a ba re 
indicat ion. 

More of the same sto ry could be related, but enough 
bas been said to show how full of life and progres IS 

this most ancient and imposing of ali ciences. 
A min or th ough very important influence in the 

progress of astronomy bas been the provision, by the 
expenditure of g reat wealt h in America, of g reat tele­
scopes and equipments. 

In 1877 Sir George Darwi n started a line of mathe­
matical research which has been \·ery fru itful and is of great 
future promise for ast ronomy. As recently as last April , 
at the Royal Astronomical Society, two importa nt papers 
were read-one by Mr. Cowell and the other by Mr. 

t ra tton- wh ich have their roots in Sir George Darwin's 
worl<. T he former was led to sugges t that the day is 
lengthening t en ti mes as rapid ly as had been supposed, 
a nd the latte r showed th a t in a li probabi li ty the planets 
had ail turned upside down sin ce the ir birth . 
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And y et M. Brunettière and his fri ends '.vish us to 
believe tha t science is bankrupt and has no new thin g 
in store fo r hum ani ty . 

Geology .- In th e fi eld of geological research the main 
feature in th e past twen ty-five years has been the in­
creasi ng acceptance of the evol uti onary as contrasted 
with t he uniformitaria n view of geologica l phenomena. 
The g reat work of Suess, ' Das Antli tz der Erde,' is 
undoub ted ly th e most important contri buti on to physica l 
O"eo logy within the period . The fir st volume appeared 
in 1 5, and the im pet us whi ch it has given to th e 
cience may be judged of by th e epithet a ppli ed to the 

views for which Suess is respo nsible-' the New Geology.' 
S uess attempts to trace th e orderly sequence of th e 
principa l cha nges in the earth 's c rust since it first began to 
fo rm . H e strongly opposes th e old th eory of elevat ion, 
and accou nts for the movements a due to differentiai 
collapse of th e cr us t, accompanied by fo lding due to 
tangential stress . Among special resu lts gain ed by 
geologists in the per iod we survey may be cited new 
views as t o th origin of the crystalline schists, favou ring 
a retu rn to omething like the hypoge ne or igin advocated 
by Lyell ; the facts as to deep-sea deposi ts, now in co urse 
of fo rmat ion, embodied in the 'Challenger ' reports on 
tha t subjec t : t he in creas ing disc rimination and tracking 
of those minor divis ions of stra ta called 'zones'; the 
ass ignment of the Olenellus fauna of Cam bria n age to 
a posi t ion earlier than that of the Paradox ides fauna; 
the discovery of Radiolaria in pal reozoic rocks by special 
method of examination, and th e recogniti on of Grapto­
lites as indices of geological hori zons in lower palreozoic 
beds. Glac ially eroded rocks in boulder-clays of permo­
carboniferous age have been recognised in many parts 
of the world (e .g ., Australia and outh Afr ica), and thus 
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t he vtew put forward by \V. T . Bla nfo rd as to th 

occurrence of the same phenomena in conglomera tes of 
t his age in India is confirmed . Eozoo n is finally 
abandoned as ow ing its structure to an organism . The 
old es t fo iliferous beds known to us a re still fa r from 
the beginnin g of !ife. T hey co ntain a h ighly developed 
a nd varied a nim al fauna- and somet hing like th e whole 
of the old er moi ety of rocks of aq ueo us or ig in have fa iled 
as yet to prese nt us with any remains o f the a nimais or 
r ian ts which mu st haye inhabited th e eas wh ich 
deposited th em. The bor ing of a coral reef in it iated 

by Professor Soll as a t the 1 o ttingham me ting o f th e 
British Associa tion in r 93 was success full y ca rri ed out , 
a nd a depth of r,rr..J.} feet reached. Informatio n of great 
value to geolog ists was th us obta in ed . 

A ni111al and r·egetable M ovphag1'aphy .- \ Vere I to 

a ttempt to g ive a n account of t he new kinds of a n im ais and 
plants discovered sin ce r r, I should have to offer a 

bare cata logue, for space would not allow me to ex pla in 
the interest attaching to each. Explo rers have been 
busy in a li parts of the world-in Central Africa, in t he 
Antarctic, in remote parts o f Ch ina, in Patagon ia and 

ustra lia, a nd on t he floo r of the ocean as weil as in 
caverns, on mountain t ops, an d in g reat lakes and rivers . 

We have lea rnt much that is new as to distribut ion ; 
co unt l ss new fo rms have bee n discove red , a nd care ful 

anatomical a nd mic roscopical study conducted on 
specimens sent home to our labo ra tories . I canno t 
refrain from calling to mind the discovery of the eggs 

of the Australian d uck- mole and hedgehog ; the fresh ­
water jelly-fish (figs. J 3, q, and r 5) of Regent's Park, 
the African la kes (fig. r6) and the Delaware Ri ver; th e 

marsupia l mol e of Central Australia; the okap i (figs . 17, 
r , a nd r g) ; t he breeding a nd transformati ons of t he 
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FJG. I3. 

The Freshwater Je lly-fish of Regent 's Park (Limuocodium Sowerbii) 
magnified five t imes li near. 

It was d iscovered in the tropical lily tank of the Botanical Gardens in 
June, r8 o, and swarmed in great numbers year after yea r- then sudclen ly 
disappeared. It bas since been founcl in similar tank in Sheffield, Lyon , 
and ~runich . Only male specimens were disco,·erecl, and the native home 
of the wonder fu] visitor is stiJl unknown . 

FIG. I4. 

The minute polyp attacbecl 
to the rootlets of water-plants­
from wbich the Jelly-lish Limno­
codium was found to be 'budded 
off.' 

.EN 

FIG. rs. 

One of the peculiar sense­
o rgans from the edge of the swim­
ming dise of Limnocodium . C, 
cavity of capsu le; EC, ectoderm; 
EN, endoderm. ense organs of 
identical st ructure are foun cl in the 
Fresh water J elly-fisb of L ake Tan­
ganyika and in no other jelly-lish . 

H 
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common eel (fig. 20) ; the young a nd ad ult o f th e mud­
fishes of Australia, Afr ica, a nd South America; the fi shes 
of the Ni le and Congo; the gill- bearing earth-worms 
a nd mud -worms; the vario us forms of the caterpilla r-l ike 

Peripatns; stran g deep-sea fishes, polyps and ponaes. 
The main resul t of a good deal of such in vestiaat ion 

FIG. 16 . 

The Freshwater Jelly-fish of Lake Tanganyika (Lim nocodium Tan· 
ganyicae), ma~nified fi ve times linear . S ince its disco,·ery in Tanganyika it 
bas been found also in the Lake Victoria Nyanza and in pools in the 
Upper Niger basin. 

is measured by our increased knowledge of th e pedigree 
of organ isms, what used to be called 'classificati on.' 
The anatomical study by the Australia n professors, Hill 

a nd Wilson, of the tce th a nd the fœtus of the Aust ra­
l ia n group of pouched mammals- the marsupia ls- has 
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FtG. 17 · 
The Giraffe-like auirnal called the Okapi, discovered by ir Harry 

Joho>loo io <h• Co""" Fo<~'- Pholog<aph of <h• ,kin of a [omal• .onl 
hom• by bim in ••"· and oow moonlod and <'blhi<•d in <h• aln<>l 

History Museum. 

FIG- r8. 
Two" bandoliers" eut by the natives from the slriped part of the skin 

(Ibo hanooh~) and al '"1 ••PP""" 10 ho hi" of <ho b>d• of a oow kiod of 
Zebra. These "ere sent borne by ir Harry Johnston in rgoo. H2 
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entirely upset previous not ions, to the effect tha t these 

are a pr imit ive group, a nd has shown tha t the ir posses­
sion of only one repl ac ing too th is a retent ion of one 

out of many such teeth (the germs of wh ich are pr sent), 
as in placenta! mammals; and furt her that many of 
th ese ma rsup ia ls have the nourishing ou tgrowt h of the 
fœ tus ca ll ed t he placenta fair ly well deve loped, so tha t 

FJG. rg. 

l'hotograph of the skull of a male Okapi- showi ng the paired boney 
horn-cores- simila r to those of the Giraffe, but connected with the fronta l 
bones and not with the parietals as the horn-cores of Giraffes are. 

th ey must be regarded as a degenerate side-branch of 
th e placenta! mammals, and not as p rimitive fore­
runn ers of th a t dom inant series. 

pecu lat ions as to the ancestral connect ion of the 
grea t aroup of vertebrates with other great gro ups have 

been varied and inge nious; but most natura lis ts a re 
now inc lined to the vicw that it is a mis ta ke to ass um e 
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su ch connection 10 the case of vertebrates of a 

a ny 
more definite character th an we admit in th e case of 

starfishes, shell -fish, and insects. \ll these groups a re 

FIG. 20. 

Drawings by Professor Grassi, of Rome, of the young of the common 
Eel and its metamorphosis. Ali of the natu ral size. The uppermost fig ure 
represents a transparent glass-like creature-which was known as a ra re 
"fi nd" to marine naturalists, and received the name Leptoctpiwlus. 
Reall y it li ves in vast numbers in great depths of the sea-five hnndred 
fathoms and more . lt is hatcbed bere from the eggs of the common Eel 
which descends from the ponds, lakes, and ri ve rs of Europe in orcier to 
breed in these great depths. The graduai change of the Leptocephalus 
ioto a young Eel or " El ver" is shown, and was d iscovered by Grassi. 
The young Eels leave the great depth of the ocean and ascend the ri vers 
in immen e shoals of many hundred thonsand individuals, and wr iggle 
their way up banks ancl rocks into the small s treams and pools of the 

The above figures were published by Professor rassi m ovember, continent. 
1896, in the Q11lr.rterly j ournal of J\1i.croscopica.l Scie11ce, editee\ by E. R ay 

Lankester and pnblished by Churchill & Sons . 
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ultimately conn ected by very simple, remote, a nd not 

by proxim ate a nces tors, with one another a nd with th e 
a nces tors of vertebra tes. 

The orig in of the limbs of ver tebra tes is now gener­
aJJy agreed to be correc tly indicated in the T ha tcher-

i:.. 
3. 

F ic. zr. 

T he unicellular parasite B enedenia, from th e g ut of th e common 
Poul p or 0 topus . r , is th e norma l ma le incl i,·id ua l; 2 and 3 show 
stages in the production of spermatozoa on its surface by budcl ing; 
4, 5 a nd 6 show a female parasi te wi th spermatozoa a pproacbing it: 

FiG. 22. 

P roduction of spermatozoa on the s urface of the unicellular parasite 
Coccidium ovifonne, from th e Ra bbit's intes tines. 
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Mivart-Balfour theory to the effect th at they are derived 
from a pa ir of continuons lateral fin s, in fi sh-like 
ance tor , simila r in every way to th e continuons median 

dorsal fin of fi shes. 
The discovery of th e formati on of true spermatozoa 

by sim ple uni cellular animais of the group Protozoa is 
a sta rtling thin o-, for it bad alway been s uppo ed that 
these peculia r reprod uctive elemen ts were only formed 
by multicellular organi sms (fi g . zr, 22, and 23) . T hey 

FIG . 2J. 

Sper matozoa (often called "microgametes ") of the un•celln lar parasite 
J:chinospora fou nd in the gut o f the mail Cent ipede Lithobius mutabilis . 

have be n discovered in sorn e of th e g recrari na-like 
animalcules, th e Coccidin., and al o in the blood-

paras ite . 
mong pl ants one of the most important discoveries 

relate to these same reproductive elements, the sper­
matozoa, which by botanists are called anth erozoids. 
A crreat difference between th e wh ole higber serie of 
pl ants, the fl owering plan ts or phanerogams, and the 
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cryptogams or lower plant , includino- ferns, mosses, 
and algae, was held to be that t he latter produce 
vibratile spermatozoa like those of an imais which swim 

in Iiguid and fertili se the motionless egg-cell of the 
plant. Two J apanese botanists (and the origin of this 
discovery from J apan, from the niversity of Tokio, 
in itse lf marks an era in the hi story of science), Hirase 
and Ikeno, aston ish ed the bot an ica! world fi ft een year 

ago by showing that motile antherozoids or spermatozoa 
are produced by two gymnosperms, the ging- ko tree 
(o r nlisb11rya) and th e cycads (fig. 2-j.) . The po ll en -tube, 
wh ich is the fertilisin g agent in ali other phanerogams, 

F"' · 24. 

Spermatozoa (antherozoids) of Cycas nvoluta, seen from the side and 
from abo,·e. The spermatozoon is spherical, carrying a spiral band of 
minute ,·ibratile hairs (cilia) by \\ hich it is propelled. 

deYelops in these cone-bearing trees, beautiful mot il e sper­
ma tozoa, which swim in a eup of liquid provided for th em 
in co nnection with the ovules. Thus a grea t dist inction 
between phaneroo-ams and cryptogams was broken down, 
and the ac tua l nature of the pollen-tube as a potential 
parent of spermatozo ids demonstrated. 

\ Vhen we come to the results of the digging out 
and study of ex ti nct plants and animais, the most 
remarkable resul ts of al! in regard to the affinit ies and 
pedigree of organisms have been obtained. Amo ng 
plants the transition between cryptogams and phanero-
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gams has been practically bridged over by the discovery 

that certain fern-like plant of the Coal Measures­
the ycnclofilices , supposed to be true ferns, are really 
seed-bearin g plants a nd not ferns a t a ll, but phanerogams 
of a primitive type, allied to the cycads and gymno­
sperms. They have been re-christen d Ptericlosperms 
by cott, who, together with F . Oliver and eward , 
has been the chief discoverer in this most interesting 

field. By their fossil remain whole series of new genera 
of extinct mammals have been traced through the 
tertiary strata of orth merica and their genetic 
connections e tablished; and from yet older strata of 
the same prolinc source we have almost complete know-
1 dge of severa\ genera of huge extinct Dinosa1wia of 

great variety of form and habit (ftg. zs) . 
The discoveries by Seeley at the Cape, and by Ama-

litzky in North Russia of identical genera of T riassic 

reptiles, which in many respects resemble the Mammalia 
and constitute the group Theromorpha, is also a pro­
minent feature in the pa\reon tology of the past twenty­
nve years (ft g. z6) . Nor must we forget the extraordinary 
Devonian and iluria n fishes discovered and described hy 

Professer Traquair (figs. 27 and z8). The most impor­
tant di covery of the kind of lat e years has been that 
of the Upper Eocene and 1Iiocene Mam mals of the 
Egyptian Fayum, excavated by the Egyptian Geological 

urvey and by Dr. Andrews of the r atural History 
Museum, who has described and figured the remains. 
They include a buge four-horned animal as big as a 
rhinoceros, but quite peculiar in its characters-the 
A 1'isinoïthe1'imn-and the ancestors of the elephants, a 
group whi ch was abunclant in Mi ocene and Pliocene times 
in Europe and A ia, and in still later tim es in menca, 
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The g igant ic three-horned Reptile, Triceratops, as large as an Elephant, found in jurassic strata in 
North America. .\ mode! of the skeleton may be seen in the Natural History Museum in L ondon. 

H 

0 
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FIG. 26 . 

Photograph of the skeleton of a large carnivorous Reptile from 
Triassic strata in North Rus ia, discovered by Prof. Amalit zky and named 
by him, Inostransevia . The head alone is two feet in length. 

FIG. 27-

Photographs of completed models of the Devonian f:ish Dl·epanaspis , 
from Devonian slates of North Germany, worked ou t by P r ofessor 
Traquair. The models are in the Natural 1-Jistory 1u eum, London. 



a nd s urvives a t the presen t day in it representatives th e 
African and Indian elephan t. One of the European 
ex tinct elephants-the T ctrabc!odon-had, wc have long 

kn own, an imm ensely long lower j a w with large chi el ­
shapecl terminal teeth. It had been sugges ted by me tba t 

th e mod ern e lephant ' trunk must have been deri1·ed from 

the oft upper jaw and nasal a rea, which re ted on this 
c longated lower j aw, by the shortening (in the cours 

of natural selec tion and modification by descent) of 
this long lower ja w, to the presen t small cl imen ion s 
of th e eJephan t 's lower jaw, a nd the consequent down­
dropping of the unsh ortened upper jaw and Jip , whi h 

Fu; . 28. 

Th e oldest fossil fish known-disco ,·ered in the Upper Siluria n sl rata 
of Scolland, and named Birllenia by 1 'rofessor Traquair. 

th us be o rne the p roboscis. Dr. Andrews has described 
from Egypt and placed in the Museum in L ondon 

specimens of two new genera-one Palœolliastodol!, in 
wh ich th ere is a long, powerfu1 jaw, an e longated face, 
a nd an increased number of molar teeth (see figs . 29 

and 30) ; the second, Jferithcriu111 (fig. 31), a n a nimal 
with a hippopotamus-like head, comparat ively minute 
tusks, a nd a well-developed complement of inciser, canine, 
a nd molar teeth, like a typical ungulate mammal. Un­

doubtedly we have in these two forms the ind ications of 
th e steps by which the elepha nts have been evolved frollJ 
ordinary-1ooking p ig -li ke crea tu res of moderate size, 

devoid of tru nk or tu ks. Othcr remains belong ing to 
this grea t mid-Afr ican E ocene fauna indica te that not 
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onl y the El phants but the Sirenia (the Dugong and 
Manatee) took their origin in this area. Among t them 
are also gigan tic for ms of H yrax , like the little yn an 
coney and many other new mammals and reptiles . 

Another great a rea of exploration and so urce of new 
thin gs ha been the so uthern part of Argentina and 

FIG. 29-

Pholograph of a complete mode! of the skull and lower jaw of the 
ancestral elephant, Palœomastodon , discovered by Dr. Andrews in the 
Upper Eocene of the Fayum Desert, Egypt, and modelled and restored 
under his d irection in the Natural History i\Iuseum, London. The com­
paratively short trunk or snout rested on the broad front teeth of the long 
lower jaw. The face is elongated, and the cheek -teeth are numerous. 

Patagonia, where Ameghino, Moreno, and cott of 
P rin ceton have brought to Jiaht a wonderful senes of 
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FiG . JO. 

J>hotograph of the lower face of the sk ull of a specimen of PalrPo­
lllfHtodon brought from Egypt in •\pril , rgo6. by Dr . • \nclrews, and now in 
th e Natural Jiistory i\Iuseum, L ondon. The six characteris ti c cheek-teeth 
on each side, anrl the pair of sabre-Jike tusks in front, are well seen . 
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ex tinct a nt-eaters, armadilloes, hu ge sloths, and stra nge 

ungulates , reachin g back into early T erti_ary tim es. But 
most rema rkable bas been the discovery in t his area of 
remains which indi cate a form er conn ect ion with th 

FtG. 3I· 

Drawing of the skull and lower jaw of the Meritlw•iwu, di covered by 
Dr. Andrews in the Upper Eocene of the Fayum Desert. The shape of 
tb sk ull and proportions of face and jaw are like those of an ordinary 
hoofed mammal such as the pig; but the cheek-teeth are similar to tho e 
of the l\Iastodon, and whi lst the full complement of teeth is present in 
the front of the upper jaw, we can clistingn ish the big tusk-like inciser 
which alone su rvives on each side in Palœomastodou, Mastodou, ancl the 

elephants, as the great pair of tusks. 
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Australia n land surface. T his connection 1s sugges ted 

by the discovery in the Santa Cruz strata, cons idered 
to be of early Tert iary date, of remains of a huge horned 

tortoise which is generical Jy identi cal with one fou nd 
foss il in t he AustraJian area of Iater date, a nd known 
as .1Iiol{/ nin. In th e same wonderfuJ area wc have th e 

discovery in a cave of th . fresh bo nes, hairy skin, a nd 

dun g of a nim ais supposed to be ext in ct, viz ., the g ia nt 
sloth, .1/y!odon, and the pec uJiar horse, Onohippidinm . 

Th ese rema in s seem to belong to survivors from th e las t 
submergence of this stranrrely mobile la nd -su rface, a nd 
1t is not improbable t hat sorne ind ividuaJs of this 'ex­
t in ct ' fauna are sti lJ livin g in Patagonia. Th e region is 

sti Jl un explored a nd those who set out to examin e it have, 

by some stra nge fa taJity, hitb erto fai led to carry ou t 
th e professed purpose of their expeditions. 

I cann at quit this immense field of ga th ered fac t and 
growing generalisat ion without allud ing to th e st udy of 
anima] embryology and the germ-layer theory, which 
has to sorne exten t been superseded by th e st udy of 
embryonic celJ-J ineage, so welJ pursued by some Amer­

ican mi croscopists. T he rrrea t genera lisat ion of the 
s tudy of the germ-Jayers and th ir for ma tion seems to 

b now firmJ y estabJished-namely, that th e earliest 
multiceJlular anima] were passes ed of one st ructura] 
cavity, th e enteron, surrounded by a double layer of 

cell s, the ec toderm and endoderm . These E11terocœ!a 
or Cœlenlcra gave rise to forms having a second g rea t 
body-ca vity, the cœlom, which orig in ated not as a split 

between the two Jayers, as was su pposed twenty-five years 
ago by H aeckel a nd Gegenba ur and their pupils, but by 
a pouching of the enteron to form one or more cavities 
in which th e reproductive ce 1Js shou ld develop-pouch­
mgs which became nipped off from the cavity of their 
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on gm, and formed thu th e independent cœlom. The 
an imais so provided are the Cœlo1ilocœla (as opposed 
to the Enterocœla), and comprise ail animais above the 
polyps, jelly-fish, corals, and sea-anemones. It has been 
establi shed in these twenty-five years that the cœlom is 
a definite structural unit of the higher groups, and that 
outgrowths from it to the exterior (cœlomoducts) form 
th e genital passages, and may become renal excretory 
organs also. The vascular system has not, as it was 
formerly supposed to have, any con nection of oricrin with 
th e cœlom, but is ind pendent of it , in origin and de­
velopment, as also are the primitive and superficial renal 
tubes known as n phridia. These general statement 
seem to me to cover the most important advance in the 
general morphology of animais which we owe to embryo­
logical research in the pa t quarter of a cen tury.1 

Before leaving the subject of animal morphology I 
must apologise for my inability to give space and time 
to a consideration of the growing and important science 
of anthropo logy, which ranges from th e history of human 
inst itutions and language to the earl ies t prehistoric boues 
and implemen ts. Let me therefore note here the dis­
covery of the cranial dome of Pithecanthropns in a river 
gravel in ] ava-undoubtedly the mo t ape-li ke of human 
remains, and of great age (see figs. r and 2) ; and, furt her, 
the Eoliths of Pres twich ( ee figs . 3 and 4), in t he human 
authorship of which I am inclined to believe, though I 
should be sorry to say the ame of all the broken flints 
to which the name 'Eolith' bas been appli ed . The 
systematic investigation and record of savage races have 
t aken on a new and scienti fi c cha racter. Such work as 

1 See the introduction to Part IL of a Treatise on Zoology. Edited 
by E. Ray Lankester (London: A. & C. Black). 
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Baldwin Spencer's and H addon's in Australas ia furnish 
exampl es of what is being don e in this way. 

Physio!ogy of Plants and Animals .-Since I have not 

space to do more th an pick out th e most important 
ad va nees in each subject for brief mention, I must signal ize 
in regard to t he physiology of plants the better under-
tandin g of the fun ction of lea f- g ree n or chlorophyll due 

~ c 
c 
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FIG. 32. 
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B acillus radicofa, the para­
site which infests the roots of 
leguminous pla nts and causes 
the growth of nodu les whi l t 
assis ting the p la nt in the 
ass imilation of nitrogen: (a) 
Nod ule of the roots o f the 
com mon Lupine, na tura! size; 
(b) longitudina l section tbrough 
a Lupine root and nodule; 
(c) a si ngle cel! from a Lupine 
nod ule showîng th e bacte ria 
or bacî lli, as black partîcles in 
the protoplasm, magnifiecl 
6oo diameters; (d) bacilli from 
the root nodu le of the Lupîne ; 
(e) trîangular forms of the 
bacîllus from the roo t nodules 
of the Vetch ; (/) oval forms 
from the root nod ules of the 
Lupine; (de f) a re magnifiecl 
1,500 dian1eters . 

to Pringsheim and to the Russian Timiria eff, th e new 

fac t as to the activity of stomata in transpiration dis­
covered by Horace Brown, and the fixa tion of free 
nitroaen by li ving organi ms in the soi! and by or­
gan tsms (Bacillus radicola) parasitic in the rootlets of 
legum in ous plants (see fig. 32), which thus benefit by a 
s upply of nitrogenous compounds which they can 
ass imi la te. 
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Great progress in the knowledge of the chemistry of 
the living cells or protoplasm of both plants and animais 
bas been macle by t he discovery of the fact that ferments 
or enzymes a re not only secreted xternally by cells, 
but exist active and preformed inside cells. Büchner's 
fin al conq uest of the secret of the yeast-cell by heroic 
mechanical methods-the act ual g rinding to powder of 
these already very min ute bodies-first established this, 
and now successive discoveries of intracellular ferments 
have led to the conclusion that it is probable that the 
cell respires by means of a respiratory 'oxydase,' builds 
up new compounds and dest roys existing ones, contracts 
a nd accomplishes its own internai !ife by ferments. Life 
thus (from the chemical point of view) becomes a chain 
of ferment actions. Another most ignificant advance in 
an imal physiology bas been the sequel (as it were) of 
Bernard's d iscovery of the formation of glycogen in the 
liver, a substance not to be excreted, bu t to be taken 
up by the blood and lymph, and in many ways more 
important than the more obvions formation of bile which 
is thrown out of the ala nd into the alimentary canal. 
It bas been di covered that many glands, such as the 
kidney and pancreas and the duct less glands, the supra­
rena is, thyroicl , and e thers, secrete indispen able pro­
ducts in to t he blood and lymph. H ence myxœdema, 
exophthalm ic goitre, Addi on's disea e, and oth r dis­
orders have been traced to a deficiency or excess of 
internai secretions from alands form erly regarded as in­
teresting but unimportan t vestigial structures. ~ rom 

these glands have in consequence been extracted re­
markable substances on which their peculiar activity 
depends. From the suprarenals a substance bas been 
ext racted which causes activity of all those structures 
which the sympathetic nerve-system can excite to action: 

I 2 
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the thyro id y ield a substance wh i h influences t he 
growth of the skin, ha ir, bones, C' C.; t he pituitary gland , 
a n extract which i a speci fi e urina ry stimulant. Quite 

lately the ma mmalian ovary bas bcen shown by S ta rling 
to yield a secre t ion which in fluences the state of nu tri ­
t ion of the uterus a nd mam mre. A great deal more 

might be sa id here on topics such as these- topics o f 
a l most infi nite importance; but the fact is that the 
mere enu merat ion of the most important !ines of pro­
g ress in any one science would occupy many pages. 

Nerve-physiology has made imm ensely im portant ad­

The continui ly of the protoplasm of neigh­
bour ing œgetable cells, by means of threacls 
which perforale the cell -walls. Drawing 
(after Gard iner) of cells from the pnh·inus of 
Robinia .. 

va nces. T here is 
now good evidence 
that ali excita tion 
of one group of 
nerve-centres is ac­
companied by t he 
crmcurreut iuhibitiou 

of a whole serie of 
group of other cen­
tres, whose acti vity 
migh t in terfe re wit h 

that of the group 
excited to action. 
In a sim pie refl ex 
fl exure of t he knee 

t he motor-neuroncs to the flex r muscles are exc ited, 
but concurrently the motor-neurones to t he ex tensor 
muscles are th rown into a state of inhi bi tion, and so 
eq ually with a li the varied excitations of the nervous 
ystcm controll ing the movements and activit ies of the 

entire body. 

The d iscovery of the cont in ui ty of t he protoplasm 
t hrough the walls of the vegetable cells by means of con-
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nectin g canals and threads (see fig . 33) is one of th e most 
tartl ing facts discovered in connection with plant-struc­

ture, since it was held twenty years ago that a fnndamental 
distinction between animal and vegetable structure con­
sisted in the boxing-up or encasernent of each vegetable 
cell-un it in a case of cellulose, vvher as animal cells were 
not so imprisoned, b ut fr ee\y communicated with one 
another. 1 t perhaps is on thi account the less ur-

Attraction-sphere cnc\osing N O centrosomes. 

Plastids lying in the 
cy top\asm. 

~~~4-- Lifeless bodies (meta~ 
p\asm) suspended itt 
the cytopl"J.smic rclicu-

luut. 

FIG. 34· 

Diagrammatic representat ion of the structures present in a typical cell 
(afte1' Wilson ). 1ote the two centrosomes, sometimes single. 

prising that lately somethin g like sense-organs have been 
discovered on the roots, stems, a nd leaves of plants, which, 
like the otocysts of some animals, appear to be reall y 
' st atocytes,' and to exert a varying pressure according to 
the relat ions of these parts of the plant t o gravity . There 
is apparently somethin g resembling a perception of the 
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in cidence of gravity in plan ts which reacts on irritable 
t issues, and is the explanatio n of the p henomena of 
o-eo tropism. These results have grown out of the 

observations of Charles Darwin , followed by thosc of 
F . Darwin, H aberlandt, and Nemec. 

A few words must be said here as to th e progress of 
our kn owl edge of cell-s ub tance, and wha t used to be 
calJ ed the protopla m question. \Ve do not now regard 
protoplas m as a chemical expression, but, in accordance 
with von Mohl's or ig ina l use of th e word, as a s tructure 
which holds in its mesh es many and very va ried chemi ­
cal bodies of great complexity. \ Vit hin th ese twenty­
five years the 'centrosome' of th e cell -p rotoplasm has 
been d iscovered (see fi g . 3-J.), and a great deal ha been 

leat·nt a to the struc ture of the nucleus and its remark­
a ble s tain-tak ing bands, the chromosomes. We now 

know th a t th ese bands are of defin ite fi xed number, 
varying in d ifferen t pecies of plan ts and an im ais, and 

th a t th ey are halved in n umber in the reproductive 
elements- th e spermatozoid and the ovum-so t hat on 
union of these two to form the fert ilized ovum (th e 
parent cel] of a il th e tissues), the proper specifie numb r 
is a ttained (see fi gs. 35 and 36) . It has been pretty 

clearly made out by cutting up large living cells­
unicellu lar animals-that th e body of th e cel! alone, 
with out the nucleus, can do very little but move and 
maintain for a time its chemica] status. But it is th e 
nucleus which directs and determines all definite growth, 
movement, secretion, and reproduct ion. The s imple pro­
toplasm, depri ved of its nucleu -, cannot form a new 

n ucleus-in fact, ca n do very li t t le bu t exhibit irrita bi lity. 
I am inclined to agree with those who hold th a t there 
is not sufficient evidence that any organism exis ts a t th e 
p resen t tin1e which hgs not both protoplasm ançj. nucleqs 
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FtG. 35.- THE Nu>~ BER OF THE HROMOSOMES : (a) el\ of the asexual 
generation of the cryptogam·Pellitt epiphylla: the nnclens is about to divide, 
a polar ray-formation is present at each end of the spindle-sbaped nucleu , 
the chromosomes bave divided into two horizontal groups each of sixteen 
pieces: sixteell· is the number of the chromosomes of the ordinary tissue 
cells of Pellia. (b) Cell of the sexual generation of the same plant (Pellia) 
in the same phase of div ision, but with the reduced number of ch romosomes 
- namel y, eight in each balf of the div id ing nucleus. The completed cells 
of the sexual generation have only eight chromosomes. (c) omatic or 
tissue·cell of Salamander showing twwty-jowr V -shaped chromo ornes, 
each of which is becoming longi tudinally split as a preliminary todi vi ion. 
(<l) perm-mother-ce\1 from testis of Salamancler , showing the 1'td1tce<l 
oum ber of chromosomes of the sexnal cells- namely, twelve ; each is split 
\ ngituclinally. (Frqm original drawin,gs py Prof , Farmer aqd Mr. ~oore,) 

c. 
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- 111 fac t, that the simples t fo rm of ]i fe a t present exist­
Ing 1 a highly complicated stru cture-a nucleated c 11. 

That does not imply that impler form s of living mat te r 
have not preceded those wh ich we know. W e must 

ass ume tha t someth ing more simple and homogeneous 
t ha n th e ce ll , with i ts differentiated cel1 -body or proto­

plas m, and its ce]] kerne] or nucle us, has at one tim e 
existed. But the various supposed instances of th e ur­

viva l to th e present day of such simple li ving thing -

de cribed by Haeckel and others-have one by one y ield ed 

to im proved methods of 

Further stage in the d i ,· is ion of 
the sexual ce ll d rawn in F ig. 35 (c), 
s howing th e t;, •elvc ch romosomes 
of the l wo n uc lei of th e sperm­
cells res ul t ing from the cl i\' ision 
(t <celvc in steacl of twen!y-four). 

microscopie examina tion and 
proved to be differentiated 
into nudear and ex tra-nuclear 
substance. 

The question of 'spon­
taneous genera tion ' can not 

be said to have been seriously 
revived withi n the e twenty­
five years. Our g reater know­
ledge of minu te forms of ]i fe, 

and the conditions under 
which th ey can survive, a 

well as our im proved mi cro-
scopes and methods of experi­

ment a nd observat ion, have made an end of the arg u-

ments a nd instan ces of upposed a biogenes is . The 
account ll'hich have been publ ished of ' radiobes,' minute 
bod ies arising in fiuid s of organic origin when radium 

salts have been allowed to mix in minute quantities wi th 
such fluids, a re wanting in precision and detail, but the 
microscopie par ticJes which appear in t he circum stances 
descri bed seem to be of a nature identical with the minute 
bo lies well kn own to microscopis ts and recogni ed as 
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crystals mod ified by a colloid medi um. They have been 
described by Ra iney, H arting, and Ord, on di ffe rent 
occas1ons, ma ny years ago. They are not devoid of 
in tere t , but cannot be con idered as having any new 
bearing on the origin of living matter. 

Psychology.-I have given a specia l heading to th is 
subj ect beca use its emergence as a definite line of experi­
mental research seems to me one of the most important 
features in th e progress of sc ience in the past quarter of a 
century. Thi rty-fi ve years ago we were ail delighted by 
1~ echner 's psycho-physi cal law, and at L eipzig I, with 
oth ers of my day, studied it experimentally in the pbys io­
logical laboratory of tha t great t eacher, Carl Ludwig. 
The pbysiological meth ods of measurement (which are 
t he phys ical ones) have been more and more widely, and 
wit h a uiding intelligence and ingenuity, applied since 
th ose day to the t udy of the acti vities of th e complex 
organs of the nervo us system which a re concern ed with 
'mind ' or psychi c phenomena. \ hilst sorne enthusiasts 
have been eagerly collecting ghost stories and records of 
human illusio n an d fancy, the seri ous experimental in­
vestigati on of the human mind, and its forerunner th e 
animal mind, has been quietly but tead ily proceeding in 
truly scientific chan nels. The science is still in an early 
phase-that of the coll ec tion of accurate observations 
and measurements-awaiting the development of great 
guiding hypotheses and th eories. But much bas been 
done, and it is a matter of a ratification to Oxford men 
th at t hro ugh the liberality of the distingui shed e lectrician, 
Mr. H enry \ Vilde, F .R.S. , a lectureship of Ex perimental 
Psychology bas been founded in the University of Oxford, 
where the olde r t ud ie of 1ental and Mora l Philosophy, 
Logic and Metaphy ics have so strong a hold , and have 
so well prepared t he ground for the new experimenta l 
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development. The German investigators \V. \ Vundt, 
G . E. Müll er, C. Stumpf, Ebbinghaus, and M unsterberg 
ha ve been prom inent in introducing labora to ry methods, 
and have determined such matters as the elementary laws 
of association and memory, and the perceptions of musical 
tones a nd their relations. T he work of Goldschneider 
on 'the muscular sense,' of von Frey on the cutaneou 
sen ations, are further examples of wbat is being done. 

Th e difficult and extremely important line of inves ti­
gat ion, first sc ient ifi cally trea ted by Braid under the name 

' H ypnoti m,' has been grea tly developed by the French 
sc hool, especially by Charcot. Th e experimental inves ti­
g-a tion of 'suggest ion,' and the pa thology of dual con ­
sciousness and s uch exceptional conditio ns of t he mind, 
has been great]y advan ced by F rench observe rs . 

The o!der work of Ferrier and Hitzig on the functions 
of th e pa rts of the hra in has been carried further by 
Goltz and l\ I unk in Germany, and by Schafer, H or ley, 
and herrington in England. 

The most important genera] advance seems to be the 
re ogn itio n that the mind of th e human adu lt is a soc ia l 
product; that it can ooly be understood in rela tion with 
tbe pecial eovironment in which it develops, a nd with 
which it is in perpetuai interaction. Professor Baldwin, 
of Princeto n, has done importan t work on this subj ct. 
CJoseJy allied is the study of what is cal led ' the 
p ychoJog-y of groups,' th e Jaws of men ta] action of the 
individual a modified by his membership of some form 
of society. French authors have done valuable work 
here. 

These two developments of psychology are de tined 
to provide the indispensable psychological bas is for 
Social Science, and for the anthropoloeical investigatio11 
of mental phenomena. 
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H ereafter, the well-ascertained laws of experimental 
psychology will undou btedly fu rnish the necessary scien­
ti fi c basis of th e art of edu cati on, and psychology will 
hold the same rela tio[l to that a rt as physioloo-y does to 
the art of medicine and hygien . 

T here can be little doubt, moreover, of th e valuable 
interaction of the study of pbysical psychology and the 
theories of th e orig in of st ructural character by na tural 
sel cti on. The rela tion of the hum an mind to th e mind 
of anim ais , and the graduai developmen t of both, form 
a subject full of rich stores of new materi al, y ielding 
conclusions of the highest importance, whi ch bas not 
yet been satisfac tori ly approached. 

I am glad to be able to give wider publicity here to 
sorne conclu ions which I communicated to the J ubile 
volume of th e ' Société de Biologie' of Par is in I 99· 
I there discuss d the signifi cance of the great increa e in 
the size of the cerebra l hemispheres in recen t, as com­
pared with Eocene Mammals ( ee fi g. 5), and in Man as 
compared with Ape , and came to the conclusion that 'the 
power of building up appropriate cerebral mecha nism in 
response to individual experience, ' or what may be cal led 
'educability,' is the quality which characterizes the larger 
cerebrum, and is that which has led to its selec tion, 
survival, a nd further in crease in volume. The bearing of 
this conception upon ques tion s of fundam ental importance 
in what bas been called genetic psychology is sketched as 
follows: 

'The character which we desc ribe as "educability " 
can be transmitted ; it is a congeni tal character. But the 
?'esnlts of educat ion can not be transmitted . In each 
generation they have to be acquired afresh . With 
in creased " educability" they are more readily acquired 
and a lar~e r variety of them. On the other hand1 the 
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nerve-mechanisms of insti nct are tra nsmitted, and owe 
th eir inferiority as compared with the results of educat ion 

to th e very fac t that they are 11 ot acq uired by t he ind i­
Yidual in relation to his pa rticular needs, but ha ve aris n 
by selec tion of co ngeni tal variation in a long series of 
preccdin a genera tions. ' 

'To a large exten t t he two s ries of bra in-mec hanism s, 
th e " instinctive" and the " ind ividually acq uired," are 
in opposition to one a nother. Congenital bra in-m ech an­
isms may prevent the educa tion of the brain a nd the 
developm ent of new mechanisms specially fitt ed to the 
special condit ions of life. T o th e edu cable a nimal t he 
Jess th ere is of specia lised mechanism t ra nsmitted by 
heredity, th e better. T he Joss of instin ct is what 

permits a nd necessita tes the education of the receptive 
brain. ' 

' \ Ve a re th us led to the view tha t it is ha rdly pos­
si ble fo r a theory to be furthe r from th e t r uth tha n 
that expressed by George H . L ewes a nd adopted by 
George Roma nes, namely, tha t instincts a re d ue to 
" lapsed " intelligence. T he fact is th at th ere is no 

community be tween the mecha nisms of in s tinct a nd 

th e me ha nisms of intelligence, a nd th at th e la tter are 
Ja ter in th e his tory of the deve!opment of the brain 

th an th e form er, a nd ca n on!y develop in proportion as 
th e form er become feeblc and defec t ive. ' ' 

D arwinism.-Under th e ti tle 'Darwinism ' it is con­
venient to designa te the various work of biologists 
tending to esta b!ish, deve!op, or modify :tl!r. D arwin 's 
g rea t th eo ry of th e origin of species. In looking bac k 
over twenty-five years it seems to me that we mu st 

say that the conclusions of Darwin as to the orig in of 
1 

From the J ubilee vol un1 c of the Soc. de Biol. of Pa ri s, 1899. Rc­
prin tecl in !Va t11re, I'Ol. lx i. , 1900, pp. 6:q, 62 · . 
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species by the survival of selected races in the struggle 
for existence are more firmly established tha n ever. 
And this because there hav been many attempts to 
gravely tamper with essential parts of the fabric 
as h left it , and even to substitu te onceptions for 

those which he endeavoured to establish, at variance 
with his conclusions . Th se attempts mu t, 1 th ink, 
be con idered as having failed. A great deal of valuable 
work has been done in consequence; for honest criti­
cism, bas d on observation and experiment, leads to 
further investigation, and is the legitimate and natural 
mode of increase of scientific knowledge. Amona t the 
attempts to seriously modi fy Darwin's doctrine may be 
cited th at to assign a great and lead ing importa nce to 
Lamarck's theo ry as to the transmission by inheritance 
of newly ' acquired ' cha racters , due chiefly to American 

palreontologist a nd to the venerated defender of such 
views, who bas now closed his long lif of great work, 
Mr. Herbert pen cer; that to attribute lead ing import­

ance t o the action of phys iological congruity and incon­

gruity in selective breed in g, which was put forward by 
another able writer and naturalist who has now passed 
from among us, Dr. George Roman s; fur ther, the view of 
d Vries as to the d iscontinuity in the origin of new 

species , supported by the valuable work of Mr. Bateson 
on d i continuons variation; and lastly, the a t tempt to 
a ign a great and aeneral importance to the facts as­

certained many years ago by the Abbé Me ndel as to 
the cross-breeding of varieties and the frequent produc­
tion (in regard to certain characters in certain cases) 

of pure trains rather than of breeds corn bining the 

characters of both parents. On the other band we 
bave the splendid series of observations a nd writings 
of August \V eismann, who bas, in the opinion of the 
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majority of those who s tudy this s ubject, rendered th e 
Lamarckian theory of th origin and transmission of 
new characters altogether untenable, and has, besicles, 
furni hed a most ins tru ctive, if not fin ally conclusive, 
th eory or mechanical scheme of the phenom ena of 

H eredity in his book ' The Germ -pJasm. ' Professer 
Karl Pearson and the late P rofessor \ Veldon-the latter 
so early in life and so recent ly los t to us-have, with 
th e fi nest co urage and enthusiasm in th e face of an 
enormous and difficu lt ta k, determined to bring th e 
facts of variation and hcredity into the solid form of 
s tat is ti al statement, and have organised, and Jargely 
advan ced in, th is branch of investigation wh ich th ey 
have termed 'Biometries .' Many na turalists throug b­
out th e world bave mad e it the main objec t of their 
coll ect ing and breeding of insects, birds, and plants, to 
test Darwi n 's genera lisations and to expand the work 

of W allace in the same di rec tion. A delightful fact 
in this survey is that we find Ai r. \lfred Rus el \ Valla e 
(who fifty years ago conceived the same theory as that 
more fu11y stated by Darwin) actively working and 
publishing sorne of the most convincing and va1 uab1e 
works on Darwinism . H e is stiJl aJive and not merely 
weil, but pursuing his work wi th vigo ur and ability . 
I t was chief! y through his researches on in sects in 
South America and the Malay Islands th a t l\Jr. \Vallace 
was led to the Danvinian tbeory ; and there is no 
doubt tba t. the study of insects, especiaily of but ter-
Hies, 1s t ill one of th e most prolific fi elds in which 
new fac ts can be gathered in support of Darwin and 
new views on the subjec t tested. Prominent amongs t 
naturalists in this Ji ne of res a rch has been an d is 

Edward Pou]ton of Oxford, who bas handed on to the 
s tudy of entomology throughou t the wor]d the impetus 
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of the Darwinian theory. I mu t here al o na me a wri ter 
who, th ough un known in our laborato ries and museums 

seems to me to have rend er d very valuable service in 
la ter years to the testing of D a rwin 's doctrin es a nd to 
th e bringin g of a great class of organic phenomena 
with in th e cognisance of tho e nat uralists who are 
especia lly occupied with the problems of Variation and 
H ered ity. I mean D r. Archd all Reid, who has with 
keen loaic made use of the immense accumulation of 
materi al which is in th e band of med ical men, and 
has pointed out the urgent importance of increased 
u e by Darwi nian investigators of the facts as t o the 
variation and heredity of th at unique anim al, man, 
uni que in his abundance, h is reprod uctive activity, and 
hi s power of ass isting his inves tigator by h is own re­
cord . T here are more observations abou t the var iation 
and heredity of man and the condit ions attendant upon 

ind ivid ual instances than with regard to any other 
an im al. Ivledical men need only to grasp clearly the 
quest ions at present under discussion in arder to b 
ab le to fu rni sh with ease data ab olutely inval uab le in 
q uantity and qua lity. Dr. Archd a ll R eid has in t wo 
origin al books full of insight an d new suggest io n , the 
'Present Evolution of Man ' an d ' Princ iple of H eredi ty,' 
shown a new path for inve tigators to foll ow. 

T he attempt to resuscitate L amarck's views n t he 
inheritance of acquired 1 charac ters has been met not 
only by the demand for the production of experimental 

1 1 use the term 'acquired' without prej udice in the sense given to 
that word by Lamarck h imself. lt is of primary importance that tho c 
who follow this controvcrsy should clcarly undcr tand what Lamarck 
pointcd to by th is word 'acquircd.' tlc r con fusion a nd ab urd ity ba 
resulted from a mi understanding t.ll this subject by some writers who 
dc libcrately cali newly appearing congenital cha racters 'acqui red' or 
' acqui itions.' 
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proof t hat such inh eritan e takes place, which has never 
been prod uced, bu t on \Veisma nn's pa rt by a demo n­
stration th a t the reproductive cell s of organisms a re 

developed a nd set aside from the rest of the t issues at 

so ear ly a period that it is extremely improbable that 
changes brought abou t in those other t iss ues by un ac­
custom ed inc ident forces can be communi cated to the 

germ-cells so as to make th eir appearance in the off­
spring by heredi ty. Apart from this , I have drawn 
attention to the fact t hat Lamarck's first an d seco nd 
la \\"s (as he terms them) of hered ity a rc contrad ictory 
t he one of the other, a nd t hcrefore may be d i missed . 

In r8g-t I wrote : 
' Norm al cond itions of environ ment have for ma ny 

th ousands of generat ions mo ulded the indiv idua ls of a 
given species of organism, and determin ed as eac h 
ind ividual developed and grew "responsive" qua ntit ies 
in its pa rts (characters) : yet, as L ama rck tell s us, a nd as 
we kn ow, there is in every ind ividual born a potentia li ty 
whi ch has not been ext ingu ished . C hange th e normal 
condit ions of th e species in t he case of a young 
ind ivid ual ta ken t a-day from th e site where fo r t housands 
of gen eration s its ancestors ha ve responded in a perfectly 
defined way to the normal and de fi ned cond itions of 
environ ment; reduce the da ily or th e seaso nal a mount 
of sola r rad iat ion to wh ic h t he ind ividual is exposed ; or 
rem ove the aq ueous va pour from the a tm osphere; or 

alter the chemical composit ion of t he pabulum acces­
sible; or fo rce th e ind ivid ual to previously un acc ustomed 

muscula r effort or to new pressures an d stra ins; a nd 
(as La marck bids us observe) , in spite of ali the long­
contin ued response to the earlier nor mal spec ifi e co ndi ­

tions, the innate conge nital po tent iality shows itself. 
The individ ual un der th new qua ntities of cnv tron 111g 
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agencies shows 11ew responsive qua nt iti es in th ose parts 
of it stru cture concerned, new or ncqnùed charac ters. 

' So fa r, so good. vV hat L amarck next asks us to 
accep t, as his "second law," e ms not only to lack th e 
support of ex perimen tal proof, but to be in co nsiste nt with 
what has j ust preceded it. The new cha racter which is 
ex hypothesi , as was the old character (length, breadth, 
weight of a part) which it has replaced-a response to 
envi ron ment, a partic ul a r mould ing or manipulation by 
incid e nt fo rces of the p otentia l cong nit al q uality of 

the race-i , accord in g to Lamarck, ail of a sudden 
raised to extraordinary pO\•ve rs. The new or fre hly 
acqu ired character is declared by L amarck a nd his 
adh erents to be capabl e of transmis ion by genera tion; 
that is to say, it alters the potential cha rac ter of th e 

spec1es. It is no longer a merely re ponsive or reactive 

character, determined quantita tively by qua ntita tive 
cond ition of the environ ment , but beco mes fix ed and 
in corpora ted in the potential of th e race, so as to persi t 
when oth er quantita t ive external co ndition s are substi ­
tuted for th ose which originally det ermi ned it. In 
opposit ion to L amarck, one mus t urcre, in the first place, 
that this thi ng bas neve r been shown experim enta lly to 
occur ; and in th e second place, th at there is no gro un d 
for hold ing its occurre nce to be probable, b ut , on the 
contra ry, st rong reason for holdin g it to be improbable. 

ince the old character (length, breadt h, weight) had not 
beco mc fi xed a nd co ngenital aft er ma ny th ousands of 
successive generati ons of ind ividuals bad developed it in 
re ponse to nvironme nt , but gave place to a new 
haracter when nevv conditi on operatecl on a n incliviclual 

(La ma rck's fir t law), why should we uppose th a t the 

new ha rac ter is likely to be ome fix d aft er a mu h 
shorter ti me of responsiv ex i tence, or to e cap th 

K 
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opera tio n o f th e first la \\· ? Clcarly the re is no rcaso n 

(so far as L a ma rck' s statement goes) fo r any s u h 

suppositi on, and the two so-called la ws of Lamarck a re 

a t var ia nce with one anoth er.' 

I n its most conclensed form my argu ment bas becn 
s tated thu s by Profes or P o ulton: L amarcl, ·s ' firs t Ja ,,­

as um es th a t a past history of incl efinit e clurati on i. 

pow -rless to creatc a bias by which th e prese nt ca n be 

o ntroll ed; wh ile th e cond ass um es that the br ie f 

h i. tory of th e presen t ca n readily raise a bi a to co ntrol 
t he future.· 1 

An important lig ht i t hrown on som facts \Yhi ch 

seem at first sight to fa,· ur th e Lamarckia n 

by t he con . icl c ratio n th a t, thoug h an 

character is not t ransm i tt ecl to offspri ng as 

hypothcs is 
'acquirecl ' 

th e cons -
quence of th e action of cxterna l agencies clcte rmin ing th 

'acquirement ,' yet the tendency to react cxh ihitecl by 
th e pa ren t is tra nsm itted, a nd if th e tcnd ency is ex ep­

tionally g reat a fal se suggestion of a L amarck ian 

inh eri ta nce can readil y re ult. Th is inherita nce of 
' varia tion in tenclencies to rcact' has a wid e appli cat io n, 

a nd bas led me io coin t he word ' cd ucabi 1 i ty ' as 

ment ioned in th e ct ion of th is add ress on Psycho! gy. 
T he prin ciple of physiologica.l selection aclvo a t cl by 

Dr. Rom anes does not seem to haYe causee! mu ch 

di sc uss ion, and has be n uncl uly neglectcd by ubsc­
qu ent wr iters . It wa ingenious, and " ·as basecl on 

some interest in g obser\'at ions, but has fa il ccl to ga in 

upport. 

T he obsen ·at ion of de Vri es-show in g that in 

c ult iva ted Yar ieti s of plan ts a new form wi ll som eti m s 

a sert itself suddenly a nd a t tain a certa in period of 

do min a nce, th o ugh not ha\' in g been g radu ally bro ught 

Na!lfrc, vol. Ji., 1 9-1, p. 127. 
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into existence by a slow proces of elect ion- haYe been 
con. idered by him , a nd by a goocl many other nat uralists, 
a indicating the way in which new species arise in 
Nature. The suggesti on is a valu abl one if not v r 
novel, b ut a gr at deal of ob ervation will have to b 
mad before it can be aclmi tt cl as r ally hav in g a wide 
bearin g up n th e or igin of sp tes . The same is true of 
those interestin~ ob e rvations whi ch were first made by 
Mend \, and have been resuscitated and extended with 
gr at labou r and in g nuity by re ent workers, e pecially 
in thi s co un t ry by Bateson and his pupils. If it should 
I rove to be true th at variet i s when crossed do not , in 
th e ourse of eventual inter- b re d ing, prod uce in t rme­

diate fo nn as hybrids, but th at cha racter are ither 
dom ina nt o r recessive, and th a t br ed re ult hav ing 
pure unmi xed cha racters-we should, in proportion as the 
Mendelian law i shown to apply to all tis ues and organs 
and to a maj ority of organisms, have b fore u a 
very im portant and determ ining principle in all that 
relate to beredity and var iation. It remains, h owever 
to be shown how far t he Mendelian phenomenon is 
general. nd it is , of cour e, admitted on all sides 
th at, even were the Mend elian phenomenon general and 
ra i ed to the rank of a law of h redity, it would n t 
be subversive of ·Mr. D arwin's generalisations, b ut pro­
bably tend to the more ready application of them to 
the xpla nation of many d ifficult cases of the structure 

and distribution of organisms. 
T wo g neral pr in iples wh ich ~I r. Darwin fully 

re ogn ised appear to me to deserve more consideration 
and mor general ap plicati n to the hi story of sp cies 
than he bad time to give to th m, or th an h is followers 
have accor led to th m. T he nrst is the great princip! 
of 'corr lation of variat ion,' from wh ich it fo llO\·VS that, 

](2 
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whilst na t ura l select ion may be favo uring so me malJ 

a nd obscure change in an un seen g roup o f ce lls- s uch 
a digc tive, pigmen tary or nervous cel! , and t ha t cha nge 
a cha nge of s 1ective value-there may be, ind e d often 
is, as wc know, a orrelated or a ompanyin g cha nge 
in a phy iologically relatcd part of fa r greal r magnitude 
a nd promin ence to th e cye of the h uman onlooker. T h is 
accom pa nying or correlated charactcr has no elcc t i ve 
va lue, is not a n adaptat ion-is, in fac t, a necessary but 
use] ss by-prod uct. A Ji t of a fe w ca es of this kind 
was g iven by Darwin, but it is most desirable tha t more 
should b es tab lished . For th y ena bJe us to understand 
how it is that specifie charactcrs, th ose seen and noted 
on th e surface by sys temati ts, a re not in most cases 
adapta t ions of select ive value . T hey also ope n a wide 
1·ista of incipient and us Jess de,·elop ment whi ch may 

suclcl enly, in th eir turn , be seized upon by eYer-watc hfuJ 
na tu ral se lec t ion and rais cl to a high pitch of growt h 
a nd fu nction. 

The seco nd , somewh at bu t by no n1eans altogeth er 
nco·Jec tecl , principJe is that a good deal of the iil iporta nt 
1·ar iat ion in both plants and an imais is not the va ria tion 
of a minu te part or con fi ned to one organ, but has 
rcally an inner phy iologica] basis, and may be a \'aria ­
t ia n of a 11·hole organic system or of a \\'hole tissue 
express ing it elf at se1·eral point and in severa! shapes. 
I n fac t, we should perhaps mor generally conceive of 
va ria t ion as not so much t he accomplish ment a nd pre­
sentat ion of one l ittle mark or difference in weight, 
Jength , or colo lll·, as the expression of a teudency to vmy 

in a given t issue or organ in a part icular way. T h us 
we a re p repared for t he rapid extension and do m i na nc 

of the va r iat ion if once it is favou red by selecti1· 
breeding. I t seems to mc t h at su h ca es as the com-
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plete d isappearan ce of scales from the intecrument of 
some o eous nshes, or the po sibl r tention of thr 
or four scales out of some hundr ds pr sent in nearly 
allied form s, favour this mode of conceiving of varia­
tion. S also does the marked tend oey to pr duce 
membranous xpan ions of the integum nt in the bats, 
not only between the digits and from the ax illa, but 
from the ears and cl iff rent regions of the face . Of 
course , the a lternati ve ha iry or smooth condition of the 
integuments both in plants and animais is a familiar 
instance in wh ich a ten dency xt nding over a large 
area i recognised as that which constitutes the variat ion. 
In smooth or ~1 airy variet ies we do not poslulate an 
individual development of ba irs subjected one by one to 

election and survival or repression. 
Disease.- The study of th e ph ys iology of unhealthy, 

injured, or diseased organisms is alled pathology. It 
nece sarily bas an immense a r a of observation and i 
of t ranscend ing interest to mankin d wh o do not accept 
their diseases unresistingly a nd el ie as ani mais do so 
p urifying their race, but inces antly combat and fight 
disease, producin g new a nd terrible forms of it, 
by their w ilful interference wi th the earli er rule of 

Nature . 
Our know ledge of disease has been enormou ly 

advanced in the last qua rt er of a centu ry, and in an 
important degree our power of a rres ting it , by t wo 
great !ines of study going on side bv side and ori cr inated , 
not by medical men nor physiologist in the narrow 
technical sense, but by naturalist s, a botanist, and a 
zoologist. F erdinand ohn , Professor of Botany in 
Breslau, by his own researches and by persona! train­
In a in his laboratory, gav to R obert Koch the start on 
his distin gu ishe l career as a bac teri olog ist. It is to 
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i etschn ikoff th e zoologist and embryologis t th a t we 

owe t he doc trin e of phagocytosis and the consequent 
t heOI-y of immun ity now so widely accep tecl . 

\Ve mu st no t forget tha t in this same peri od rnuch 
of th e irnrn orta l work of Pa teur on hydrophobia, of 

Behrin g a nd Roux on dip htheria, a nd of • hrli c h a nd 

ma ny oth ers to vd1om t he eterna l gratitud e of mankin d 

is due, ha been going on. It is o nly ome fifteen years 

ince Calm ette showed t ha t if cobra poison were intro ­
du ced into the bi od of a ho rse in les qu a ntity than 

would cause dea th , t he horse would toi rate with little 
di sturbance after ten days a fu ll dose, a nd then day 

after day an in c reasing dose, un t il the horse without 

a ny in convenience recei ved an injection of co bra poison 
ia rge eno ug h to kill thirty ho rses o f it s si z . Sorne of 

th e horse's blood be ing now withdrawn was found to 

conta in a ve ry ac tive ant idote to cobra poison-wh a t is 

ca lled a n an titoxin . T he p rocedure in the preparation of 

the a ntitox in is pract ica lly the same as th a t previo u ly 

adopted by Behring in the preparat ion of th e antitoxin 

of diph t heria poiso n. Ani mais treate d with inject ions of 
t hese a nti tox in s a re immun e to th e po ison itse lf wh en 

s ubseque nt ly injec ted \\·ith it, o r, if a lready suffering 

from th e poison (a , for in stance, by snake-b ite) , a re 
read il y s ho\\ïl by experiment to be ra piclly cured by 

th e inj c tio n of t he appropriate ant itox in . This is, a. 
a il \\·ill adm it, a n intensely in te resting bit o f biology. 

The explana tion of th e formation of t he a ntitox in in 
th e bl ocl a nd its mode f antagon isi ng th e po ison i not 

easy . It seems th a t th e a ntitoxin is undo ubted ly form d 
fro m the co t-r spond ing toxi n o r poi on, a nd t ha t th e 
a ntagon ism ca n be bes t unùers tood as a chem ica! 

r a cti on by \\·hi h t he co mpl ex molecule of the poiso n 
is up e t. o r effectÏYely modified. 
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The rema rkable development f M t schnikoff's doc-

trin of p hagocytosis during th e past quarter of a 
cent ury certa i ni y one of the characte ri s ti c featu re 

of th e act ivity of biological sc ience 1n tha t period . 

t fir t r id i ul ed as '1\Iet hnikoffi m ,' it has now won 

t he support of it s fo rm r adve r a ri s . 
For a long time the ideal o f hygienists bas been to 

preserve ma n from a li contact with the germs o f infection, 

to destroy them an d destroy the a nimais co nveyi ng them, 

such as ra t s, mosquitoes, a nd o th er fli es. But it has 
now bee n born e in upo n us th a t , usefu l as uch attempts 

a re, a nd great as is th e improv m ent in hum a n condi­
tions which can thus be effected, yet we canna t hope for 

any really complete or sati s facto ry reali sation o f the ideal 

of escape fr om contact with infec tive germ s. The t a k 
is beyond hum an powers . The convictio n bas now been 

a rrived a t tha t, whils t we must t ake every precaution 

to diminish infect ion, yet ou r ultima te sa fety mu t 
corn from w ithin - na mely, fro m th e act ivity, the 

trc in d, s t imulatecl and carefull y g ua rded a t ivity, of 

t hose wonderfu l colo urless a mceba -like o rpu le whose 
u e wa so long un recognized , but ha now be n made 

clear by t he patiently contin ued exper iments a nd arbu­

ment of Metsch nikoff who h a named th em ' pbaaocyte .' 

Th P. doctrin e of th act ivity a nd immen e irnp rtance o f 

th e e corpu des of the living body wh icb form pa rt of 

t he all-pen ·ad in g conn ect iv ti ssue a nd fl oat also in the 

blood , is in it nature a nd in ception oppos d to w hat a re 
called t he 'hu moral ' and ' vitalis tic' t heorie of r is­

t a nce t o infec tion. Of this ki nd were the b l i f th at 

the liqnids o f the living body h ave a n inh r nt and some­
wha t vag ue power o f re ist ing infect ive germs, and ven 

that th e mere livi ng qualit y o f the ti s nes was in som un­
kn wn way a ntagon ist ic to foreig n int rus ive d i ease-a ern1s. 

-
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The firs t eighteen years of Met ch nikoff"s career, aft er 
his uncl crgraduate cou rse, were devotcd t zoo1ogica1 a nd 
embryo logicaJ inves tiga tions . H e discoverecl many im­

port an t fact , uch as the a lternation of generations in th e 
parasi ti c worm of the frog's 1 ung-A scaris nigrove7tasa­
and the Jtistory of th e growt h from the egg of sponges 
a nd m edusa: . In these la tte r researches he came into 

conta t with the wonderfully active ce]! , or li ving co r­
puscles, which in many low forms of Ji fe ca n b see n by 
transpar ney in the living an im aL H e saw th at th ese 
corpu. cles (as was indecd already known) re em ble the 

Ftc;. 37. 
FtG. 38. 

FtG. 39. 
Fig . 37--Phagocyte or colourless corpuscle of a gu inea-pig in the act of 

engulphing two Spirilla or paras itic ,·egetable microbes of a spiral shape. 
Fig. 38 .- The same ha l[ an hour later , one of the Spirilla is near ly com­
pletely engulphed. Fig. 39.- The same ten minute later st iJl one of the 

pi rilla is complete /y absorbee! into th e substance (protoplasm) of the 
phagocyte. (From :\1etschniko1T's bcok, " I mmunity, " kindly s uppliee! by 
the Cambridge U ni,·ersity P ress.) 

well -known amœba, and can takc into their s ft sub­
sta nce (p rotoplasm) at a li parts of the ir surface a ny 
minute part ic les a nd digc t th em, thu s destroying them. 
In a tra nspa rent water-Jl ca Metsch nikoff saw th e e amœba­
like, co lour l ss, floa ting blood-corpusc les swallowing and 

cl iges ting t he spores of a parasi tic fung us wh ich had 

a ttacked th e water-fleas a nd was caus ing their dea th. 
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H e came to th e conclu ion tha t this is the chief, if not 
the whole, value of the e corpuscles in higher as well as 
lower an imals, in all of which they are very ab undant. 

FIG. 40 · 
F ig . 4o.- Phagocyte of a guinea-pig in the course of engulphing a very 

mobile undulating spirillum . F ig. 41.-The same, forty minutes later. 
Fig. 42.-The sa me taken half an hour after Fig . 41. (From Met chnikoff's 

"Immunity.") 

It was known that when a wound bringin g in foreign 
matter is inBicted on a vertebrate animal the blood-v sels 
became gorged in the neighbourhood and the colourless 
corpuscles escape through the walls of the vessels in 
crowds. Their business in o doing, Metschnikoff showed , 

FIG . 43· 

A la rge ki nd of phagocyte of the guinea-pig, 
ki \l ed and stained for microscopie examinat ion. 
It sh ows the large spberical nucleus and three 
specimens of the spirillum of relapsing-fever 
which have been engulphed, and are lying 
within its protoplasm . They would bave been 
slowly d igested-tba t is to say , dissolved by the 
digestive juices within the phagocyte. (F••o111 

Metschnikoff's "Immunity .") 

is to eat up th e foreign matter, and also to eat up and 
remove the dead, wound ed tissue. He therefore called 
th ese white or colourless corpu scles ' phagocytes,' t he 
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eater-ceJJs, a nd in his bea utiful boo k on In Aa mma t ion, 

p ublish ed twenty years ago, p roved the extreme impor­

tance o f t heir ac ti vi ty . At t he same t i me he had s ha wn 

tha t t hey ea t up in trusive bac teria a nd o th er germ s (see 

fi gs . 37 to i-J); and his work for t he Jas t twenty years h as 
ma in] y consi tee! in demonstra ting th at t hey a re t he chief, 

a nd p roba bly t he only, ag-ents a t work in ei the r r idd ing 

th e hum a n body of a n a ttack of disease-ca using germ s or 
in ward ing off even t he comme ncemen t of an at tack, o 

tha t th e ma n or ani mal in which t hey a re ful ly effi c ien t 
is ' immune'-that is to say, ca nn a t be e ffec tivelyatta ked 
by di ease-germ s. 

Di ease-g ' rm s, bacteria , or protozoa produce poisons 
11·h ich so meti mes a re too m uch for the phagocytes, poison­
ing t hem a nd so ge tt ing t he upp r ba nd . Bu t, as Met ch­

n ikoff s ho wed, t he train ing of th e p hagocy tes by 11·ea k 

doses of the po ison of the cliseas -ge rm, or by 11·ea kened 
c ultures of th e cl isease-germ it elf, brings a bo ut a power 

of res ista nce in th e p hagocytes to th e germ 's po iso n, a nd 

th us makes th em capabl e o f a t tacki ng t he ge rms a nd 

keep ing t hem a t bay. I-Ience t he va lue of in ocu la t ions . 

The d is ussion a nd experiments arising from Metschni ­
koff s demonst ratio ns have led to t he d iscovery of th e 

prod uc tion by th e ph agocytes of certai n exuda tions from 
their subs ta nce which have a mos t important effect in 

weakening t he res is tan ce of the intrusive bac teria a nd 

render ing t hem ea y prey for t he phagocy te. These are 
called 's ns itisers,' a nd have heen Jargely stud ied . They 

may be in t r duced a r t ificia lly into th e blood and t iss ues o 
asto faci!ita te th e work of th e phagocy tes, an d no doubt 

it is a va lua bJe remedia] measure to make use of such 

sensitisers as a t rea tmen t. Dr. '\V rig h t considers th a t 

s uch sensitisers are form ed in t he blood a nd t issue inde­

penden tly of t he phagocytes, and has caJJ ed t hem 'opso-
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nin s,' under which name he bas made most valuable 
application of the method of inj ecting them into the 
body so as to facil ita te t he work of the phagocytes in 
devo uring the hostile bacteria f va rious diseases . Each 
ki nd of disease-prod ucing microbe has its own sen si t iser 
or opsonin ; h nee there bas been much careful research 
and experim ent required in arder to bring the discovery 
into p ractical use. 1Ietschnikoff himself holds an d quotes 
experiments to show that th 'op onins' a re act ually 
prod uced by the phagocy tes themselves . That this should 
be so is in accordance with sorne st riking zoological fa t , 
as I pointed o ut nearly twenty years ago .1 For the lowest 
mu lti cellula r animais provided with a digestive sac or aut 
such as th e polyps, have that sac lined by dige tive cells 
which have th e ame amœboid character as 'phagocytes,' 
a nd ac tually digest to a la rge extent by swallowing or 
taking in to their individual protopla m raw particles of 
food. Such par ticles are enclo ed in a temporary cavity, 
or vacuole, in to whi h the cell-protoplasm secretes di ge -
tive ferm ent and other chemical agents. ow there is 
no doubt th at such digestive vacuoles may bur t and so 
pour out into the pol yp's stomach a dio-estive juice which 
will act on food particles outside the substa nce of the 
c 11 , a nd thus by the substitution of this process of out ­
pourin g of the secret ion for that of in gestion of food 
particl es in to the cells we get the u ual form of diges­
tion by juice ecreted into ·a digest ive cavity. ow 
this bein g certainly the case in regard to th histor of 
th origin al phag cytes linin a the polyp's gut , it do 
not seem at ail unlik ly, but on the contrary in a high 
degr e probable, that the phagocy te of the blood and 
ti sues should behave in th ame way and pour out 

1 l n a review of i\ letschnikoff 'Leçons ur l' Inflammation ' in 

Nattu·e, 1899. 
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sens itiscrs a nd op oni ns to pa ra lyse a nd prepa re th eir 

bac teria l food. And th e ex peri men ts of Alet ch ni koff's 
pupils a nd fo ll o ~r ers show tha t t his is undo ubted ly t he 

case. \Vhether th re is any gr a t va riety of a nd differ­
ence be twee n ' se n itiscr ' a nd 'op on ins' is a ma tter 
ll'hich is s t ill th e s ubjec t o f ac tive cxper iment. M et chni­

koff s conclus ion, as reccn tly stated in regard to t he whoJe 

prog ress of this subj ect, is t hat the ph agocytes in our 
bod ies sho u]d be s ti mulated in th eir ac t ivity in a rd er 
sucees fuJJy to fi g ht the germs of inf, ct ion . Alco hol, 

opium, a nd e1·en qui nine, l1inder the pbagocytic ac tion ; 
they sh o uJd th erefore be en ti rely esc he ll"ed or used o n ly 

with g rea t ca ut ion wh re t heir oth cr and valuabJe pro­
perti s a rc urgent ly n cded. It appears that th e inject ion 
of blood- erum into t he t i sues of a n im ais ca uses a n 

in reasc in th e num ber an d ac t i,·ity of th e phagocytes, 
a nd thus a n in crease in thc ir res ista nce to 11·ards pa tho­
gcnJc germs. Thus Durham (wh o was a pioneer in hi . 
ob erva tio ns on th e cu rious p henomena of the 'agglu­
tin a t ion · o f bloocl orp usclcs in relat io n to clisease) 11·as 

led to suggcs t the injec tion of sera during surg ica l 
op erat ions, and exper iments rcccnt]y quoted by Met chni-

koff sce m to show tha t the suggestion was well founcl ed . 

B a t h G rm a n a nd French surgeo ns haYe employcd th e 
mcth ocl with successfu1 re ul ts, a nd the demons tra tion 
th a t an im mense number of micro bes a re thus ta ken up 

a nd de troyecl by the multip lication (d ue to th eir regula r 
in creasc by cell-division) of th phagocy tes of th e 

inj ec ted pat i nt. After ycars o f oppo ition bra1·eJy 
m et in the pure cienti fzc spiri t of rcnewed expcr im ent 
a nd d monstra tion, Metschni koff is a t last a ble to ay 
tha t th e fou nda tion -s ton e of the hygicnc of th e tissues-

t he th cs is th a t o ur phagocy tes arc our a rms of de fence 
aga inst infcc tivc germs--bas been gen ra lly accepted. 
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An oth er feature of the progres of our kn owl dge of 
di ea e-as a scient ifi c I roblem- i the rec nt recognition 
that minute animal parasite of that low d gree of uni­
cellular struct ure to which the name ' Protozoa' is given, 
a re the causes of serious and ravaging d i eases, a nd 
that th e min ut algoid plants , th e bact ria, are not alone 
in poss ssion of th is fi eld of activity . It was L averan­
a Fr nch medi cal man- who, just about twenty-five 

years ago, discovered the minute animal organi m in 
the red blood- corpuscles, which is th e cause of malaria 
(s e fig. 4-\-) · Year by y ar ever since our knowledge of 
this t errible littl paras ite bas increased . Vve now know 
many imilar to, but not identical with it , livin g in the 

blood of birds, reptiles, and fr ogs (see fig. 45) . 
It is th great merit of Maj or Ross, form rly of the 

Indian Army l edical Staff, t o have discovered , by most 
patient and p rsevering exp rim ent , tha t th malari a 
parasite pas :;es a pa rt of its life in the spot- win ged gna t 
or mosquito (A nopheles), not, as he bad at first suppo d , 
in the common gnat or mosquito (Cttlex) , and that if 
we can g t rid of spot-winged mosquitoes or avoid their 

attentions, or even only prevent them from sucking the 
blood of malaria\ patients, we can ]essen, or even abolish, 

mala ria . 
This great discovery was followed by anoth r a to 

the production of the deadly ' agana' horse and cattle 
diseas in South Africa by a scr w-like, minut animal 

parasite T rypanosoma Bru.cei (see fig. 46 B). Th 
Tsetze fl y (see fig. 48 A, B), which vvas already known 
1n some way to produce th is disease, was found 

by Colonel David Bruce to do so by onve ing by 
its bite the Trypanosoma from wild big-game animais, 
to the domest icated hor e and cattle of the colonists . 
The d iscovery of th parasite and its relation t the 





FIG. 44· 

A diaaram showing the life-hi tory and migrat ion of the Malaria 

para ite, Lave••a11ia 1\[a/arit''• as di~covered by Laveran, Ross, and ra i. 
The tages above the dotted line take place in the blood of man. The 
oblong-pointed parasite is seen entering the blood at 11 just b low No. I. 
T he circles represent the red blood-discs of man. chizogony means 
multi plication by simple div ision or pli t ti ng, and it is seen in Nos. 6, 7. 8, 
9 · and ro. The stages below the dotted ti ne a re passecl in the body of the 
spot-winged gnats of the gen us A I!Of>helcs. A peculiar cre cent or sausage­
shaped condition is assumee\ by the parasite inside the red c rpuslce No. VI. 
The e are fo und to be of two kinds, male and (emale, Nos. Vlla and Vllb . 
They are swallowed by the spot-winged gnat wben it sucks the blood of a n 
infected man. H ere in the gut of the gnat they become spherical ; the 
male spheres produce spermatozoa N . Xa, which fuse with and fertilize 
the female spheres or egg· ell o . XI. An active worm-like (onu 'o. XIII 
results, which pushes its way partly through the wall of the gnat's gut , 
and is then nourished by the gnat's blood. It sweli up , d i vide> in ternally 
again and again, and is enc\osed in a fi rm transparent case or cyst, T os. XIV 
to XVIII. The cysts are far la rger in proportion than is sb wn in the 
d iag ram, and a re visible to the naked eye . The final prod uct of the 

, · b reaking up, wbich is called sporogony, i a vast number of needle· haped 
spores or young (called Exotospores, as opposed to the Enhremo por s, 
wbich are fo rmed in t he human blood, as seen in 'os. 9 a nd ro, and serve 
there to spread the infect ion among the red corpu des). The need le· 
sba ped spores formed in the gnat's body accumu late in its sali vary glands, 
and pass out by the mouth of the gnat wben it stabs a new buma n victim 

who tbu becomes infected, No. XIX . 
Had the sausage-like phases Nos. VIla and V lib been swallowed by a 

c
0

mmon gnat or mosquito of the genus C11.lex they would bave been 
digested and dest royed . lt is only in species of nats of the kind known 
as A 11opheles thal the para ite can undergo its sexual development and 
subsequent process of the fo rmation of cysts and need le -~haped exoto· 
spores . (After Minchin in Part l. of Lankester's " Treatise on Zoology," 

published by A. a nd . Black.) 
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Lnnkesterel/a •·a11arum (Lank.), the parasite of the red blood-corpuscles 
of the eclible Frog, described original/y a Drepall idium ''n11arum by 
La nk ester in I 82, and previous ly without name in 1871. The large avals 
represent the red corpuscles of the frog; the dark cent ra l mass is the 
nucleus, N. ln A two spindle-shaped parasi tes are seen; in B one larger 
pa ras ite with n ucleus n preparing tod i vide; in c the paras ite is V -sbaped. 
ln o the parasite bas become spbericaJ, and is so in E aJso. In F the 
spherical parasite has d ivided in to a number of spores mz, with a centra l 
res iduaJ body up. The figures G to N represent suppo ed stages in con­
juga tion of small and larg-e forms; o is a n encysted pha e; a nd P a 
spore or SJ orozoite of the sexual generation s imilar to the need le-sbaped 
exotospores of Laveran ia. (See Fig. 44 .) Al i the figures magnitied 
2,250 cliameters. (Aiter Hintze from Minchin's section on Sporozoa in Lankester 's "Treatise on Zoology. ") 

O. 
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Varions species of T1•ypanosom'' from the blood of mammals, birds, 
and reptiles. A. T. Lewisii , from the blood of rats; B. T. Brucii, the 
paras ite of the Nagana or Tsetze-fly disease, found in the blood of horse , 
cattle, and big game; . T . ga.mbiense , the parasite of causing Sleeping 
Sickness in man ; D. T. eqninum, which causes the mal de caderas in outb 

merican horse ranches; E. T. nocturr, from the blood of the little owl, 
Atilene noctua. ; F. T. avinm , found in the blood of many bird ; G. a 
species fou nd in the blood of lndian pigeons; H . T . ziemanni, a second 
species from the blood of the little owl ; J . T . rlamouirr, from the blood of 
a tortoi e; c.g. , granules; v ., vacuole; l.s., fold of the crest or undnlating 

membrane. The e figures are from Dr. vVoodcock's article on the "Hremo-
flage\lates" in the Q uarte~•/ y j ourual of Microscopical Scicucc , April and June, 
1906. (See also the figures in the next chapter relat ing to Sleeping 

Sickness.) L 
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fly a nd th e disease was as beautifu l a piece of sc ientifi c 
in1·estiga tion as biologists have ever seen. A curiou and 

very important fact was d iscovered by Bruce-namely, 
that th e na ti ve big game (ze bras, antelopes, and probabJy 
buffaloes), are toleraut o( the parasite. The Trypmt OSOJil a 

grows and multiplie in th ir blood, but does not kill 
th em or even inju re them. It is onJy the u nacc ust med 
introd uced anim aJs from Europe wh ich are poi oned by 
th e chem ical excreta of the Trypanosome and el ie in 
consequ ence. R enee the wiJd creat ure -brought into 
a cond ition of toi rance by natura l selection and th e 
clying o ut of th osc susceptible to the poison-form a sort 
of ' resen ·oir' of dead ly T rypanosomes for the T s" tze 
fli cs to carry into th e bloocl of new-comers . The samc 
p hcnom non of 'reservoir-hasts' (as I have elsewhere 
call ecl them) has sin ce been observee! in the case of 
malaria : the chilclren of the native blacks in Afri ca 
and in other ma larious regions a re to!era?Jt of th e malaria! 
parasite, as many as 8o per cent. of ch ilcl ren un cler ten 
being fo uncl to be infectee!, an d yet not suffering from 
the poison. T his is not the same thing as th e 1111-

munity IYhich consists in repulsion or destmction of the 
parasi te. 

Th e Trypano. omes have acq ui red a te rribl e notor iety 
within the last fou r year , since ano ther specie , also 
carried by a Tsetze fly of another species, has been clis­
coverecl by Castellani in cases of Sleeping Sickness in 
U ga nd a, and demonstrated by Colonel B ruce to be th e 
cause of t hat awfu1 clisease.1 Over zoo,ooo nat ives of 

gancla have diecl from it within the 1ast fi1·e years . I t 
is in curable, and, sad to relate, not only a certa in number 

of European employés have succ umbed to it in trop ical 
Africa, but a bra1·e yo ung officer of the Army Medical 

1 

Sec the ncxt chapter de1·oted to this su bjcct. 
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orps, Li utenant Tulloch , has di d from the disease 
acquired by him in the course of an investigation of this 
disease and its possible cure, which he was carrying out, 
in association with other men of science, on the Victoria 

yanza Lak in Cent ral Africa. L ieutenant T ulloch was 
s nt out to this investigation by the R oyal Soci t of 
L ondon , and I will venture to ask my readers to join 
that body in sy mpathy for his friends , and admiration for 
h im and the other courageous men who risk their lives in 

the ndeavou r to arrest disease. 
T rypanosomes are now being recognised in th mo t 

diverse regions of the world as the cause of disease-new 
horse diseases in South America, in orth Africa, in the 
Philippines and East India are all traced to peculiar 

pecies of Trypanosome. Other allied fonns are re­
sp nsible for Delhi-sore, and c rtain peculia r Indian 
fever of man. \ peculia r and ultra-minute parasite of 
th blood cells causes T exa fever, and varions African 
fev rs deadly to cattle. In all these cases, as also 
in t hat of plague, the knowledge of the carrier of the 
diseas , often a tick or acar id- in that of plague the ff a 
of th e rat- is extremely important , as well as the kn w-

ledge of reservoir-hosts "' ben such exist. 
The zoologist th us co mes into d oser touch th an 

ver with the profession of medicine, and the time bas 
arrived when the professional students of d isea e fully 
admit that they must br ing t o their great and hopeful task 
of abolishin g th diseases of man the fulle t aid from 
every branch of biological cience. 1 need not say h ow 
great is the contentment of those who have long worked 
at apparently usel ss bra nches of science- such as are 
the careful and elaborate distinction of every separate kind 
of animal and the life-history and structure p culiar to 
each- in the belief th at all knowledge is good, to :fi.nd that 

L2 

_______________ ... 
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the ô6ence they have cui h>ated ha, becomc ôuddenly 
a nd urgently of th e hig-hest practical va lue. 

I have not time ta d more than m ention here t he 
effor t that is being made by combin ed internat ional 
re earch a nd co-operation ta pusb fur ther in our 
kn owleclge of phrhisis and of cancer, with a view ta th eir 
des tru ction. It is on ly since our last meeting a t York 

th a t th e pa ras ite of Phthisis or Tuberclc ha bec n 

made kn own ; we may hope tha t it will not be long beforc 
\\'e ha ve similar kn owledgc as t Cancer. Only eighteen 
months ha,·e ela psed since Fritz 'c ha udinn cl iscovered 
the long-. oug ht parasitic germ of S.J ·ph iJ is, the Spiroclteta 
pal/ida (see fig. 6). As I \\Tite th ese words th e ad 

news of chaudinn 's dcath at th e age of thirty-fivc 

cames ta m e from bi family at H am burg- an irre­para ble Joss. 

Let mc fin a lJy stat , in re lation ta this study of 
disease, wh a t is the simple fac t- namely, tb a t if the 
people of Britain wish io ma k an end of infec tive 
a nd oth er diseases they mu t take e1·ery possible mea n 
to di caver capable in, ·estigators, an d employ them for 
this purpose. To do this, fa r more money is requ ired 
than is a t present pent in that d irec tion. Tt is 
necessary, if we are to do ou r utmost, ta spend a 

thousa ncl pounds of public money on this task wb ere 

we now spencl one pound. It would be rea onable 
a nd wise to expend ten m ill ion pounds a year of our 
re1· nues on the investigation and attempt ta des troy 
d;<ca". Actually wh a t ;, ôo ôpent ;, a mece noth;ng, 
a few thou a nds a year. MeanwbiJe our peo ple a re 
dying by tbousands of preventa ble disease. 
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2 . T HE ADVAr EME 1 T F IE CE AS M EA URED 

BY THE S uPP RT GIVE TO IT BY p BLIC 

F uND , A D THE R E PECT \ ccoRDED T 

S ciEr TI F I C \ Al ORK BY THE BmTI H Go-

VEI NMENT A D THE CoMMUNITY AT L ARGE . 

V/ h ilst 1 have been able, though in a very frag­
rnentary and incornplete way, t o indicate th satisfact ry 
and, indeed, the wond rful prog ress of science in the 
last quarter of a cen tury, so far as th e making of 
new knowledge is concerned, 1 am sorry to say that 
there is by no 1T1eans a correspondin g 'advanc ment' 
of c1enc in that signification of the word which 
irn plies the increase of the influence of science in 
th e life of t he commuity, th e increas of the s upport 
given to it , a nd of the de ire to aid in its progr ss, 
to discover and then to encourage and reward those 
vvho a re pecially fitt ed to w cr ase scientific kn w-
1 dge, and to bring it to bear so as to promote the 

w lfare of the commun ity. 
It is, un fortu na tel y, tr ue th at the successive political 

adm inistrato rs of t he affa ir of this co untry, as w ll 
as th permanent fnc ials, a re altogeth r unaware to­
day, as th ey w re twenty-nve years ago, of the vital 
importan ce of that knov l dge which we call science, 
and of the uraent need for making use of it in a 
variety of public z,ffairs . vVh ole departments of 
Government in which scientific knowledge is the one 
thi ng needful a re carried on by min ister , permanent 

secreta ries, ass i tant secreta ries and clerks who are 
wholl y ignorant of science, and naturall y enough dislike 
it since it ca nnot be u ed by them, and is in many 
in stanc s the condemnation of th ir offi cial empl yment. 
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och officia /, am, of coocse, not to be blam ed, bot 
cathec the gene;a j indi!fecence of th e poblic to 
th e oncea.nnable way m whicb it, inteceM, a ce neglected. 

A d iffic >dt featoce in tceating of tb;, subj ec t is that 
when one men tions the fac t that min i tees of tate 
and the offi ciais of the public secvice a.e not acq ua inted 
with science, and do not even pcofes to undecsta nd its 
<esuJts or· tbeic impoctance, one·s s tatem ent of this 
very obvious a nd notorious fac t is apt to be rega rded 
as a persona] offence. It is d ifficu l t to see wherein the 
o!fence lies, foc no one seeks to bJarn e the e offi ciais 
foc a condition of things wbich is trad itionaJ a nd fra n ldy adm itted. 

This is rea/Jy a very serions cnatter foc t he scientific 
wocld to consider a nd deal with. We cep.-esent a line 
nf acti vity, a gco up of profe,ions wbicb ace in o oc 

opinion of vita l impoctance to the well- being of the 

na tion. \Ye know that tlw,. in terest wbicb we value 
so highly are not merely ignored and neglect d, but 
a re ac tua11y trea ted a of no acco un t or as non­

exis tent by th e old -established d., of poJiticians a nd 
adminis tm tors. l t is not too m uch to say that there 

is a natu.-al feac and dis]ike of scie ntiiic knowl edge 
on th e part of a large p roportion of the per ons who 
a re devoid of it, and who would cease to hold, or 
never have held, the posi tions of authority or emolu­

m ent which they now occupy, were scient ifi c know­
ledge of the mattecs witb wbicb they underta ke to 
deal r·eq uiced of thecn . T his is a thomy subject, and 
one in which, howev c much one may endeavour to 

speak in g enecaj terms, it is d iffico lt to avoid ca using 
persona/ annoya nce. Yet it seems to me one of ucgent 
impoctance. P coba bly an inquiry in to and discu sion 
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of the neglect of science and the q uestionable t reat ment 
of scientihc men by the admini t rative departments of 
Government might with advan tage be undertaken by a 
committee appoi nted by our great scient iflc societies 

for the purpose . 
t the sam time public attention should be drawn in 

general terms to th fa t that science is not gaining 
'advanc ment' in public and offi ial consid rati n and 

upport. The r ason is, I think, t o b {ound in th cl fe -
t ive education, both at school and university, of our 
g v rning class, as well as in a racial di like among all 
classes to the establi hm nt and support by public funds 
of posts which the av rage man may not e;.;pe t to sucee d 
by popular clamo ur or class pr ivilege in gainin g for him-
elf- posts which must be held by rn n of special trainin g 

and mental gifts. \ Vhatever th reason for the negl ct, 
th e on\y remedy which w can I o sibly apply is that of 
improvecl edu cat ion for the upper clas s, and the con­
t inued ff rt to spreacl a knowl dge of th results of 
sei nee and a love for it amonrrs t allm.embers of the com­
munity. If beli vers in science took th is matter seriously 
to heart th y might do a gr at deal by in sistin g that th ir 
ons, and their \aught rs too, sh uld have reasonabl 

in t ruction in science both at school an l colleg . They 
could, by their ow n initiaüve and example, do a go cl deal 
to put an end to the tr iflina with class ical lit ratur and 
the absorption in athletics which is consid reel by t o 
ma ny schoohnasters as tha t which the Brit ish parent de-

sires as the eclucation of his children. 
Within the past year a lett r ba been publi becl by a 

well-know n noblenoan, who is one of the T rustee of the 
B ri tish "Museum, holding up to public conclemnation the 
methocl in wh ich the ystem laid clown by the officials of 
the T reasury and anct ioned by ucce sive G vernment , 
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a to the r emu nera tion of scicntifi c men, was appJi d in an 
ind i,·idoa l case. 1 desire to place on 'CCNd he.· the Ead 

of Cc·awlord's lettec to the 'Times' of 0 tobcc· J r, r gos, 
lor the careloi considecation of those wh o d ice the 
ad vancement of iencc. Whcn soch thi ng a r do ne, 
'Cience cannat be said to have advanced moch ne pnb lrc 
cons iderat ion or GovernmentaJ support . 

7"o lite Edit or o..f the '7ïmes.' 

S lll,-The dea th, noted by you ta-day, of my dear friend and 
colleag ue Ur. Copela nd, liis J>lajes ty' Astronome,. for .Scot/and, crea te 
a vacan cy in th e scient ific staff of Great nrita in. 

\Vi l/ y'" P«mic mo, Sù·, Co offe. "wo,d of W<cnùrg to '"Y who "''Y be as kecl to succeed h im ? 

S<oden" m· "''"'" of ""'·ooomy n.·e noe, in Ure eJô,h """, 
br,ine, mon, nor nr·e <hey " • ""Om/ ~Jo U,er·I», Ucn<XJ wieh <hi 
wm/d ', gond,. H hehO>c, them heo<eforth to Coke mo,. '"" "' <o 
<heir· f "''"' in "" of ill"'" oc ph> •icoJ i nô"" ley •nd oot to n·o" to Ure 
g ra t itude or generous impulse of th e Treasury Department. 

I n ole! clays it was the custom when a m a n distinguished in scien ce 
was brought in to a h ig h po ition in the Ci,· i l Service that he was cred itee! 
wi<b a <er·c,;, nnrnber of yea,, " rvi<e mnking fo, pen,ioo. Thi• 
pra ctice has been clone away with, and a bargain system sub titu ted. 
•\ •ho" wh ile •go the gm>ving <gnniea of "'"' di,,., "o"d D,·. 
Cope/,ond Co feol "'" he w., Je, •ble Co '"'Y on lhe dolic, of h i, """' 
nod he '"" mincJ Co rn•ign ; bot he Jo.,., lhoc Onde.· the '"le, and in 
•he ab'"'" of '"Y 'PCCl<l bargaùr, Che pç,, loo he "''"Id >ecclve woold 
not s uffice fo r the necessities of life. The only in crease his friends couJd 
ge t from th e T rea ury was an offer to allow him a bout hi!lf-a-crown a week extra by way of a hou e. 

lndigooot aocl "h•me<l of my Go,·er·omcoc, 1 per·•o.ded o, . Copo­
loocl "' >d<hd, aw h;, " lgmulon ""' to malo <he official J>O•i<loo whlch he h as honoured till his death . 

1 trust, S ir, that this mem orandum of mine may cause em inent men 

of 'Oieoce who " ' ' " ''" cu '"k•· the "'•lee of <he Suue when ,;,·c,dy 
of m iddle age to take heed for their future weJfare. 

1 am, .':iir, you r obcdient servan t, 

2 Cavendish .Square, October 28. 
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It is more agreeable to m not t dw 11 further on th 
comparative fa ilure of cience to gain incr ased influ nee 
and upport in this country, but to mention some in-

tances on the otl1er s ide of the account. As lono' ago a 
r 42 th Brit ish Ass ciat ion to k over and developed a n 
ob rvatory in th D r P a rk at Kew, which was placed 
at t he disposal of the Associat ion by H er Maje ty the 
Q ueen. ntil r 871 the Association spent annually a la ro'e 
pa rt of its income-as mu ch in la ter years as 6ool. a y ar-
in carrying on the work of th e Kew Observatory, consist-
in g of magnet ic, m teoroloo' ical and phys ical ob er a tions. 
In 1871 th A sociat ion handed ov r the Observa tory t o 
the Royal Society, wh ich bad r ceived an endowment of 
ro ,oool. from Mr. Gas iot for it maintenance, a nd bad 
furth r devoted to that purpose consid rable sum from 
it ovvn D onation Fund and Governm ent Grant. Further 
aid for it was al o rec iv d frorn private sourc s . From 
this Observatory a t la t bas sprung, in the beginning of 
the present century, t h National Physical Laborator ll1 

Bushey Pa rk, a fin and efficient cientific inst it ution, 

built and supported by grant from the State, and 
managed by a committ e of really d vot d men of ci .nee 
who a re la rgely representat ive of the Royal Soci t . In 
add ition to the value of th ite and buildin o' occupied 
by the National Physical L ab ra tory, the Go v rnment 
bas contribu ted altog ther 34,oool . to th e capital expendi­
ture on new buildings, fittin gs, and apparatu , and ha 
furt her assign d a grant of 6,oool. a year to th working 
of the laboratory. Th i inst itution all men of science a r 
truly glad to have gained from the Sta te, and th y will 
remember with grat itud e the statesmen- the lat Marqui 
of Salisbury, the Right Hon. \rthur J. Balfour , Mr. Hal­
dane, and other -as well a their own lead rs-L ord 
R ayl igh , Sir William Huggins, and th active body of 



phy icist in the Royal Society who have cmied this 
cnterprise to comp!etion. The Brit ish A soc iation ha 

cvery rea on to be proud f i ts share in early days in 
nursing the germ at I<:cw which bas a t leng th cxpancled 
into this plencl id national in t itution. 

I may mention al o a nothec institution w·hich, ducing 
th e past q uactec of a ccntu.y, has come into exist nee a nd 
rcceivecl, orig in ally th roug h the influence of the late L ord 
Playfaic (one of th e few men of science who has evoe 

occ upiecl th e po ition of a Ministcr of th e Crown), and 
latec by the infloence of the Right Hon. J o eph hambcc­
Ja in, a »bsidy of r,oool. a yeac fcom the Govecnment and 
a contri bution of s,oool. toward it initial expenscs . Thi 

is the Macine Bio!ogical Association,' which has a Iaboc·a­
tory at Plym o uth (see fig . -1-7), and has lately expéncled 
a special annual grant, at th e ponta neous in vitat ion of 
Hi Maje ty's Tcea ucy, in cond ucting an inve tigation of 
the Nocth Sea in accocdance with an intemational scheme 
devi ed by a centcal committee of soien tific expects. This 

s heme ha fm it pocpose the gaining >och knowledge of 
th e Nocth Sca and it inhabitants as shaH b use fu l in 
deahng p>actically a nd by 1 gi Iation with the gcea t 
fi shecics of that acea. The c ade.· will, pechaps, not be 
surpriscd to hcar that ther are persons in high positions 

wh o, though admittedJy unacquainted with the scien tifi c 
questions at issue oc the 1 copec mann cc of soJving them, 
a re cl isconten ted with th e action of th e Governmen t in 
cntrusting the cxpencliture of public money to a body of 
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1 had th e honour and good fortune to found this associat ion and 
to co llect th ..: fu nd so generou !y g i1·en lo it-then for Ill any years to act 
a its honora ry secretary, to design and upe rintend the erection of the 
lab""'"Y and lo o.gan '" ln con j cm clion n·ich, my clcmific coJJoag.,, , 
its staff, its scheme of work a nd government. On the dea th of ou 1· l~ l"·cd P'<eide~w, Pmr,,, H.,,lcy, 1 wae cleccoo " hie "'"""• "'' sli ll occupy lhat pos ition. 
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scientiflc m n who give their services, without reward or 
thank,, t o canying out the pu<pO' ' of the internatiooal 
mqu>'Y· t range aitici""' a< offe<ed by the,e mal· 

Ftr.. 47 · 

The Laboratory of the Nla rine Biological Association on the Citadel 
Hill , P lymouth, over\ooking P lymouth Sound. The laboratory was buil t 
with the a id of fu nds ra ised by public ubscription and a contribution of 
.[s.ooo by H.M. Government, and cost {,r2,2oo. The Association has 
expended, exclusive of this sum, since the opening of the laboratory in 
r884, about .[62,ooo , or an average of [ 3.ooo a yea r on the maintenance 
of the laboratory. steam-boat and fi sbi ng-boats , and in payment of a staff 
of scientiftc observers. Of this surn the Government bas contributed 
one-tbird. the rest bas come from private donations and subscr iptions, and 
from the " earniugs" of the la bora tory by sale of specimens, admiss ion 
fees to the tank-room. &c. The journal of the Association. publisbed at 
intervals , records a vast amount of scient iftc work, advancing our 

knowledge of marine \i fe and of the \i [e-bistory of ftsbes . 
]nllddltion to the above expeudiwre 1111d ·results, the Association bas super-

intended and most carefttlly direc ted the expenditure of [,6,ooo a year 
during the past ft ve years in the investigation of the soutbern area of the 
Nor th ea and of the Ch annel at the request of H .M . Government, the work 
being par t of the International Invest i ation of the North Sea. The very 
volumin ous results of these inquiries are published iu special reports by 
the International Committee. F ull par ticulars of the work of the Marine 
B io\ogical Association can be obtained from Dr . E. J. Allen, the Director , 
the Laborator y. Citadel Hill, P lymouth, who wi ll also receive donations 

and applications for membersbip of the Association. 



contents in regard to th work don e in the international 
explo,·ation of th e Noctb Sea, and a desire is xpces cd 

to croce th e money for expenditore by a Jess scientific 
agency. I do not hesitate to say here that th e results 
obta ined by the Macine B iological Associa t ion are of 
grea t value and interest, an d, if properly continued and 
pot to pcachca/ application, ace likely to benefit vecy 
grea tly th e fi shery industry; on th e ot her han d, if th e 

work is eut short or cnt rus ted to incompetent hands it 
" ·i/J no doobt be the case that wha t has ah eady boen don e 
will Jose its val,e-tha t is to say, wi/J ha>·e be n wasted. 
The.·e is imminent danger of this pen -ecsion of the fonds 
as. iRned to this scientific inve tigahon tuk ing place . 
There is no goamntee fo,· the continoa nce of a ny fonds 
or offices assigned to cicncc in one generat ion by th e 
official of the next. The .\fastecship of the Mint h Id 

by I saa Newton, and fin ally by th e g,·eat ehemist 
Thoma. Graham, has b en a boiished and its salacy 
appropria ted by non-scicnti fic offi ciaJs. Only a fcw y ars 

ago it was with great diffi c ulty th a t the Go1·ernm ent o[ 

the day was preveoted h om assig ning the Diccctocsb ip 
of Kew Ga,·deos to a young man of influence de>oid of 
a li knowledge of botany! 

On e of th e m ost olid tes t of the es teem a nd l'a lu 
attached to scientifi c pmgccss by th e cnmmmùty is the 
ded ica fio, of Jacge sums of mo,ey to scie,tific pu,·poses 
by its wea/thicc membe.·s. W c know that in the United 
Stat s .sncb gifts ace "Ot ùrfceq oen t ; they ace mec in thi 

co untry. It is, th creforc, wi th especiaJ pleas urc that I 
caiJ atte, ti on to a g r a t g ift to science m this conn t<) 
mad e only a few .rears ago. L ord I veagh has en dow cl 
the Listee l nst itute, for ccseacches in con,ec tion with th e 
p rc1·en t i on of disease, wi th no less a sum th an a q uarter 

of a m illion poonds steding. This is th e lar"est giEt eve. 

THE KING DOM OF MA 
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made to s i nee in this country, a nd will be productive of 
ge at benel\t to humanity. The List r !nst itute took its 
ocigin in the surplus of a {und ra ised (at my suggestion 
and with my assistance as secretary) by Sir James Vl hi t -
h ad when L ord May r, some sixteen y ac ag , for th 
pU'! o e f mahng a gift to the P asteur Institut in Pacis, 
where many English patients bad b en treated , without 

chacge, alter b in • bitten by rabid dogs . Three thousand 
pounds was sent t o M. Pasteur, and the urplus of a few 
hundr d pounds was mad the startin• -point of a {und 
which grew, by one gen rous c:r ift and another, until the 
L ister I nst itutc n the Tham s Embankm ent at Chelsea 
was set up on a s it present d by that good and high· 

min ded ma n, the late Duke of \ Vestmin st r. 
Many other noble gift to s ientific res arch hav b n 

made in thi country durin g the p riod on which we are 
lookin g back. Let us b tha nkful for them, and admir 
the wise munificence of the donors. But none th les 
we m ust r·efuse to rely entirely on uch liberality fo r tbe 
development of th e acmy of s ience, which bas to do 
battl for mankind against the obvions dieabiliti s and know­

hould suff rings which afflict us and can be removed b 
ledge . The organisat ion and finance of this arrny 

be the a re of the State . It is a fact which many who have observed it r gret 

very k enly, that there i to-day a less widespread intec st 
than form rly in natural history and c:reneral sei nee, out­

side the strictly profe s ional arena of th school and 
uni v rsity . The 1\eld naturali t among th e squire and 
the c untry par ons s ern nowadays not t o b o nurn rous 
and act ive in their delight{ul pursu its a {orm d y, and 
the Mechan ics' In titutes and L ct ure S cieti s of the 
days f Lord Brougha m have given place, to a very large 

extent, to musical performance , bioscop s, and other 
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ente.t ainmen t , moce divect;ng, bot not ceally moco 

capable of giving piea> nc than tho" in w hi h 'Cience 

wa, popnla6'Cd. No don bt the ocgani,.bon and pco. 
fe> ionaJ rhacactec of sd nt;fi wock ace to a iacge ex tcnt 

t he ca n" of th;, fall ing-off in it, attcacbon for amaten". 
Bot pechap, that decadence is ai>o dne in >omc mea'Orc 

to th e inc, ea, d genecaJ demand foc a kind of man n. 
factnced gaiety, read ily ' nt ont in tl>e" day, of ca y 

tcanspO<t from th e great centre> of fashionablc amn ement 
to the provinces and rural di tricts. 

Befor conclnding th;, retco pert, 1 wonld ventnce to 
allnde to the <rlations of ci en ti fi c pcogce, to celigion . 
P ntting aside the tronble> conn cted with special cr ed, 
and chncche, and the clain, of t he clec; a l pcofes, ion to 
certain fonds a nd employ men ts to theexcJnsion oflaymen, 
it . honid, l th ink, be recognized that the.·e ;, no '>'Cnbal 
a ntagoni>m between the 'Cientific >picit a nd what is call d 
th e religions sentiment. 'Religion,' >aid Bi>hop Cr·eighton, 
' means th e know]edge of onr de> bny and of th e means of 
fnl fi lling it.' W e cao '"Y no moce and no les, of Science. 
Alen of Science seek, in al ) cevecence, to disco ver the 
Almig hty, th e Eveda>ting. They claim sympathy and 
hieo d>hip with tho" who, like them'Clves, ha>·e tnrned 
a way from t he mocc matecial >trnggle> of hnm an }ife, and 
have set t heic heacts and mi nds on th e kn owledge of the E ternaJ. 
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CH \ P T E R III. 

NATURE'S RE VENGES: THE LEEPINC S I CK ESS. 

MONG the strang and myst rious di sea. es to which 
mankind i subjec t in regions Jess familia r to the civilised 

world tha n Vve tern Europe, n ne i stranger or more 
appallin" in it quiet, inexorable deadlin ss tha n t he 
Sleeping Sickness of the vV st African oast. Appar ntly 
it bas existed among the natives of that region from time 
immemorial ; but the fi rst printed record we have of it 
is due to \ i\lïnterb ttom, who, writing in 1803 of Sierra 
L eone, said , "The fricans are very subject to a sp cies of 
letb argy which they are rou ch afraid of, as it proves fatal 
in every instanc ." One of the late t notices of the 
disease, before it became the subject of active investiga­
tion within the last flve years, is that of Miss Kingsley 
who saw a few cases near the Congo estuary, but, 
though sbe was impressed by the mysterious fatality of 
the di ea e, sbe did not describe it as very prevalent or 
as a general source of danger to life. The opening u p 
of the Congo basin and increa d familia rity with the 
inner lands of the Vv est African coast have shown that 
this disease is widely scattered- though rarely so abund­
ant a.s to b a serious scourge-through the whole of 

tropical vVest Africa . vVriters in the early part of the 
last century described the disease as occurring in the W e t 
Indies and in BraziL Its presence was almost certainly 
due, in those days of t he slave trade, to the importation 
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of negroes a lready infected with the di seas ; and a 
curio ns th eo ry obtained some favo ur, accord ing to whi ch 

the sleeping sickness of th \ iVest I nd ia n slaves was a 

ki nd o f nostalgia, and, in fac t, the ma nifes ta tion o f wha t 
is sometimes called "a broken heart." 

The igns th at a patien t has co ntracted th e di ease 
a re , ·ery obvious. They a re recogni sed by the black 

peopl e, a nd the certa inly fa ta l is.sue accepted with 

a lm acq ui escence. The usually inte ll ig nt express ion 
of th e healthy negro i replaced by a du ll apathetic 
appea rance; a nd there is a varying a mou nt o f fever 
a nd headache. This may las t for some weeks but is 
followed more or Jess rapid ly by a d iffi c ulty in locomo­
tion a nd peech, a trembling of th e tongue and ha nd s. 
There is increased fever and consta nt drovvsiness, from 
which th e patient is rous cl on ly to take food . At 
last- usually a fter some th ree or four months of illn s 

- comp lete somnolence sets in; no food is taken ; the 
body becomes emaciated and ulcerated; and th e vi ctim 
dies in a state of coma. The co urse of the d is ase, from 
the ti me when the apathetic stage is first noti c d, may 
last from two to twelve months. 

It is thi t errible d isea ·e whi ch has la tely appear d on 
t he shore o f th e Victoria Nyanza, in t h kingdo m of 
Ugancl a, adm iniste recl by th e British Gov-ern ment. U ntil 
th earl y part o f th e year rgor there ,,.a not th e slight st 
su p icion that sleeping ickness occ urred in a ny pa rt o f 
th Uganda Protectorate; nor wa it kn own in Ea t 
Afri ca at a l!, any more than in the north and south of 
th a t great contin ent. It eems graduaJ!y to hav rep t 
up the n ewly opened trade-rout s of t he Congo basin , a nd 
th ence t o have pread into the west of Ugancla, t he ter­

ritory known a Bu oga . Numb rs o f Souda ne e a nd 

Congo m en a re known to have settled in this region afte r 
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th d ath of Emin P asha . First noticed in rgo r , it \ as 

e timated in June rgoz , by the Commissioner of Uganda, 
writ ing offi ciall y to the Marqucss of L ansdowne, that 
zo,ooo persons had di d of this disease in the district 
of Busoga alone, and sev ral thousands in the more 
east rn portion of ganda. At th is moment it is pro­
bable th at the number f deaths in this region due t 
sl eping sickn ess since r go r amounts to more than 
zoo,ooo ; and this though, most forluna tely, th e disease 
has not yet pread eastward from U gand a into British 
E ast Afri ca/ nor, so far as has been r port cl , clown the 
Nile. No curati ve treatment f r the disea e has yet been 
discover d ; nor is there any authenticated instance of 

recovery. 
The appalling mortality p roduced by this dis ase 111 

entral Africa naturally caused tb greatest anxiet y to 
his Majesty's Government , which had but just comr leted 
th railway from the East Coast to th e shores of lake 
V ictoria Nyanza, and had establi hed a prosperous and 
happy rule in that dens ly populated region. The official 
m d ical men on the spot, though capabl and experienced 

p ractitioners, were unabl to cope with this new and 
virulent outbreak. Th F oreign Offi.ce, havin g no im­
perial board of hygiene and medical administration t apply 
to in thi count ry, sought the assistanc of the R oyal 

Society f L ondon . 
A committee of tb at society had already undertaken 

the study f malaria at the request of the ecreta ry of 
State for th e Colonie , and bad ent out young medical 
men as a commission to make certain enquirie and 

1 The disease bas actually entered in to the ad mi nis trative a rea known 
as Brili h East Africa, b ut bas not made any rapid progress towards the 
coast. Accord ing to a repo rt by Dr . W iggins, tb e d isease is confined in 
B ritish East Afr ica, as in Uganda, to those areas in wbich Glossiua palpalis 

occurs. 
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experim ents on that subj ect and report to t he comm it tee 
in L ondon . The sleeping i kness en quiry was und er­

taken by the same committec; but unfortu nately very 
in suffic ient fu nds were placcd at its di posai. Vi1h en the 

South African cattl e-own r found their herds threatcned 

s1x yea r ago by a new form of mortal disease-' the 
E ast Coast fever '-the South Afr ican Government ac­
cepted the offer of Dr. Rober t Koch, of Berlin, to under­
take the investigation of the disease and the discovery, if 
poss ible, of a remedy, fo r the sum of [ro,ooo. o su h 

sum was a t the disposai of th e comm it tee of the 1'-oyal 
Soc iety. They were obl iged to end out you ng a nd 
enterprising med ical men, practically without pay or 
reward, to see wh at they could do in the way of deter­
mining the cause of, and, if poss ible, the remedy fo r, 
th e terrible sl eping s ickness raging in l 1ganda and 
destroying daily hundreds of Briti h subjects. T he com ­

mittee set to work in the summer of 1902, and sent 
out Drs. Low, Christy, and Castellani to Entebbe, th e 
capital of Ugand a. 

The g uesses as to th e cause and nature of sleeping 
sickn ess a t the t ime when this commission set for th w re 

very va rious . Some h ighly capable medical authorities 
held that it was du e to poisono us food . The root of the 
manioc, on which the natives feed, was supposed to be­
come infec ted by some poison-producing ferment. A more 
o-enerally received opin ion was that it was caused by 

a specifie bac terium which invades the tissues of the 
brain and spin al cord. Severa! totally differen t micro ­
organisms of this sort had been described with guai 
co nfidence by F rench and Portuau e e investigators as th e 
ca use of the sleeping sickn e studied by th em in \JiTest 
Africa or on t he Co ngo. Sir Patrick l\Ianson, the head 
of th e Bri tish Colonial medical er vice, an authority of 
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great experience in tropical disease, had put forward 
the uggest ion that the sleeping sickness vvas due to the 
in fect ion of the patient by a minute thread worm (allied 
to the ' vinegar-eel,' a nd one of a gr a t class of parasites) 
which he bad discovered in t he blood of negroes and had 

named Filaria perstans. 
The occurrence of minute worms (true worms, neither 

unicellular plants nor p rotozoa) in the blood of man was 
first made known by Dr. Timothy L ewis, who described 
th e Film'ia angttinis · hominis, as well as sorne other 
most important blood-parasites, sorne years ago (187 ), 
when offtcially engaged in an enquiry in to the cause of 
chol ra in Calcutta . S ubsequently, in China, Man on 
found t ha t these little blood-worms were sucked up by 
mosquitoes when gorging themselves on the blood of a 
patient. It i , indeed, difficult to imagine how they 
should escape passing into the mosqu ito with the blood. 
Manson suggested tha t the minute worms (known to be 
the embryos of a worm which, when adult, is abo ut one 
fi fteent h of an inch long) are obliged to pass through a 
mosquito in order to accompli sh their development ; but 
no proof of this suggestion bas ever been made. Vve know 
by abundant and repeated demonstration and experiment 
that another blood-parasite-the malaria parasite-must 
pass through a mo qu ito , in whose body it develops, and 
by which it is carried to a new victim of infection. This 
was suspected long ago by both peasants and doctors, and 
experimentally proved by Ross; but no such proof ha 
been given of the rela tion of L ewis ' blood-worm to a 
mosquito . The so-called Filaria pers tans, discovered by 
Manson in the blood of negroe , a ppears to be very dif­
fere nt from the Filaria ang-ninis homini of L ewis . . It is not 
known how it gets into th e bl od; and it is very 
astonishing, and rouch to be regretted, that none of the 

~~ 2 
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medical men who have had it under observation have 
g i\·e n a proper anatomi cal account of it. It appears that 

thi s worrn is very common in the bl ood of negroes in 
tropical Africa; and as it was fo und in severa] ases in 

the blood of indi vidual attacked by sleeping ickn ess, S ir 
Pat ri ck l\Ia nson was ju tified in entertaining th e view 
that this paras ite was the cause of t he d i ease. 

One of th e :first results obtained by the commission 
sent by th e R oyal Soc iety committee to Uganda wa the 

proof- whic h had, indeeù, been al ready furni shed by the 

resident medical officers of the Uganda P rotectorate-th a t 
Fi!Mia perstans, though remarkably a bundant in the 
blood of the negroes of Uganda, ca n have nothing to do 
with sleeping sickness, since, though it oft en o c urs in 

persons a ttacked with that disease, it aJso exis ts in distr ic ts 
wh ere s leeping sickness is unkn own ; and, furth er, many 
cas s of s leeping sickne s have been obsen·ed in which no 
Fiù1rù~ perstans ha been d iscovered in th e bJood or ot her 
parts of the body . 

\ Vhil e Drs. L ow a nd C hris ty occ upied themseh ·es with 
se ttli ng this question as to the con nexion of Filarin 

perstans with the di sease and arr ied o ut a care ful study 
of its clin ical aspect , Dr. a tellan i examin ecl th e bra in 
and spinal cord of th ose who died from leeping s ickn ess, 
for bac teria . He found agai n and again a n ext remely 
minute g lobular vegetabJe parasite-of the kind kn own a 

stre1 tococc u - whi ch he co nclucled to be th e ca use of th e 
d isease, a lthough he had not p roduced the disease experi­
mentally by inoc ulating an anima l with thi microbe . 

In th e early part of 1903 t hese were the only resu lts 
obta ined by some six months' work of the mecl i a l men 

en t out by the Royal Soc iety's committee; a nd it was 
felt that ometh ing more must be done. The in ves ti oa tion 
of a disease hitherto littl e known a nd studied is one of 
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the most difficult tasks in the worlcl , requiring the hi ghest 
scientifl c qualit ies . Any serious attempt to leal wit h the 
sleeping sickness in U gancl a woulcl, it was at length 
recognisecl, require t he cli spatch of a man of prov d 
capacity and ex perience, provid d ,. ith fu ll powers a nd 
with tra ined men a h is ass istants. o such men are 
provid d by the public s rvice of the Briti sh Empire. T o 
detach a medical man of recognised insi ght and xp ri­
mental skill from hi practice- ven w re it possible to 
fl nd one spec ia lly qualified for th e present enquiry-would 
involve the payment of a large fee, which neith r the 
Royal Society nor the F oreign Office could co mmand . 

vVh at, then, was to be cl one? Fortunately th ere was 
one man in th e public servi ce, recent ly appointed to be 
one of the chiefs of the ed ucation al arrangements of th 
Arm y Medical Department , who had shown him elf to be 
especially gifted in th invest igation of obscur d iseas s. 
Th is was olonel David Bruc , F .R.S ., who, some flfteen 
years ago, stablished the existen ce of Malta feye r, as an 
indep ndent disease, by his Jin ical observat ions and by 
th isolati on and cultivat ion of the parasitic ba terium 

causing it ; and ·who, further, ' h n mployed by th 
gov rnor of Zulu land a few years later (r8g5) to inv sti­
gate the c lebrated tetze-fl y disease of Sout h Africa, bad 
d iscovered, contrary to the assertions and prejudices of a 
large numb r of African sportsmen and explor r , tbat 
the horse and cattle cliseas known as nagana or t tz -fly 
disease was due to the pres nee in the blood of th e affected 
animais of a peculiar cork-screw-l ik animal para ite, the 
T vypanosoma Brncei . This .is carr ied by the bit of 
th tset z -fly from the bi od f wil d game, such as 
buffalo and antelope, where it do s no harm , to the blood 
of domesticated animals, in wh ich it multiplies a nd proves 
to be the s uree f a deadly pois n causinO' death in a fe\ 
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wcc ks. The experiments by which Colo nel B ruce demon­
stra ted this relat ion sb ip of tsetze-fl y, trypanosome paras ite, 

wild big game, and dom sticated anima is, wcre unive rsa lly 
regarded as masterly both in co ncept ion an d exec ution, 
a nd absolutely conclusi1·c. 

The comm ittee of the Royal Soc iety came to the 
co nclu sio n t hat the t hing to be donc was to get 

Colonel Bruce to consent to procecd to ganda, a nd 
to recomm end th e Foreian Office to obtain from 

th e \ Var Office the temporary de tac hm cnt of 
olo nel B ruce for this se rvice. Accordingly olonel 

Bru ce a rrived in Uganda in th e midd le of i\Ia rch, 

1903 . Dr. L ow and Dr. C hristy bad alreacly departed, 
but Dr. as tella ni was st ill a t E ntebbe engagee! in the study 
o f h is st rcp tococcus. H e mentioned to Colonel B ruce on 
his a rri va i t ha t he had on more t ha n one occasion seen 

a trypanosome in the cerebro-spinal flu id o f negroes 
suffering from s leeping ickness; but, in asm uc h as Dutton 

on t he \ Vest Coas t and H odges in Uga nda bad descr ibed 
a trypa nosome as an occasional parasite in hum a n blood, 
he had not considered its occ urrence in leeping- ickn ess 
pa tients as of any more s ignificance tba n is t he occurrence 
of F i/aria perstans. Castclla ni regarded the trypanosome, 
like th e fi la ria, as a mere acc iden tai concomitant of 
s leeping sic kn ess, th e cau e of which he considered to be 
th e bac teria l streptococcu which he had so freq uently 
fou nd to be present. 

Naturally enough , Bruce wa impressed by the fac t 
th a t trypanosomes, of the deadly nat ure of wh ic h he had 

bad ample experie nce, had been fou nd, even once, in th e 
cerebro·spinal fl uicl of sl eeping-sickness pati ent ; and he 
im mcd ia tely set to work to make a t horo ug h scarch fo r 

th is parasite in aJJ the cases of sleep ing s ick ness; then 
un de r observation at Entebbe. He ge nerous ly all owed 
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Castellani to take part in the investi<ration, whi ch re ulted 
in the immediat discov ry of th trypanosome in the 
cerebro-spinal fluid of twenty cases, out of thirty-four 
examin ed, of negroes affli cted with the diseas ; whilst in 
twelv negroes free fr rn sleeping sickn ess the trypano­
some could not b fo und in the cerebro-spinal fluid . 
Castellani return ed to Europe three weeks a fter Bruce 
experim nts were commenced, and announ ced the dis­
co very, which bas been, in consequence, erroneously 

attributed to him , although main! y due to Bruce. 
Bruce continu d his work in gan da un til th end of 

August , I 903, having been joined th ere by Colonel Gr i" 
of the Indian Army, who bas continued the work of the 
Royal Soci ty 's ommission sin ce Bruce left . Other 
valuable observations bave been carried out by various 
mechcal men offi cial! y connected with the U gan da Pr -
tectorate. Bruce soon showed that in every case of 
sleeping sickness, when xamined with sufficient care, 
the trypanosome para ite is found to be present in t he 
cerebro-spinal fluid. He also showed that it is absent 
from that fluid in all negroes examin ed who were not 
afflicted with the di ease, but made the very important 
di scovery that the trypanosome is present in the blood 
(not the cerebro-spinal fluid ) of twenty-eight per cent. 
of the population in those areas where sleepin g sickness 
occurs, th e persons thus affected having none of th e 
symptoms of sleeping sickness, but being either perfectly 
healthy or merely troubl d with a little occasJonal fever. 
The sub equent hi tory of all the cases thus observed 
bas not as yet been recorded . But in many such , even 
in some Europeans, the arlier pres nee of th e trypa no-
ome in the blood bas been followed by its entr into 

the cerebro-spinal lymphatics, and by the fatal develop-

ment of sl eping sickness. 
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As a lready indicat d, it was found by Bruce, on 
recordin g- th e cases of sl eping sickn ess brought into or 

reported in Entebbe, that th ere were cer tain "sleep ing-
ickness areas" and other a reas free from sleeping sick­

ne s. The theory now took shape in Bruce 's mind that 
the trypanoso me first gets into the blood, and th en 

after a time, makes its way into the cerebro-spina1 
system, only th en producing its deadly symptoms. Very 
ge nerally, when once in the blood, th e t rypano orn e 
multiplies itself, and sooner or 1ater-apparent1y, in 
so rn e cases, even after two or three years-gets into 
the cerebro-spinal fluid. It is probable th a t it may 
be destroyed by natural processes in the bu man body 
before this final stage is r ached; a nd thus th e infec tee! 
persan may recover and escape the dead ly phase of the 
disease. But notbing certain is known, as yet, on this 
head. Later obsen·ations how that the trypanosome is 
found alive and in la rge quantity in the 1ympba tic glands, 
especia11y those in the region of the neck in infec tcd 
pcr ons. The e gland s \\"ere kn own to be enla rged in 
1 ersons suffering from the disease. 

Colonel Bruc ·s next tep was to ascerta in t he mo le 
in whi h the trypa nosome is introdu ed into the blood . 
?\Taturally he looked for a kin d of tsetze fly, such as 
carrics tb trypanosome in th e nagana d isease of hor 
and cattlc already stucliecl by bi m in Zululand . lt 

is a fac t tbat th e Glossiua 111orsitaus and Glossina 
pa!lidipfs, whicb are the tsetze Hies of th e " fly- li s­
tricts ,. \\·h ere nagana clisea c is rife, arc unknown in 

Centrai or \Ves tern Africa : and a l o it is a fac t that 

no tsc tze fly bad been obscrv ·cl in the neighbourhood 
of th e Victoria Nyanza wh en Colonel Bruce bcgan hi. 
cnq u1n cs . H employee!, through th e good-wilJ of th e 
na ti\·c cbiefs and ruJers, a large number of nat i\'es to 
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co\lcct Hie throughout th e co unt ry fo rmin g a belt 
of twenty or thirty miles a round the north of the lake. 
Many thousands of Hi s were thus brought in , and th 
localities from which th y came carefully noted. Am ong 
these Hi s olonel Bruc rec gni ed a t et ze fl y ; and 
wh n these collections were received at the atura l 
History Mu eurn in L ondon, it wa at once determin d 
by Mr. usten, the assi tant in charge of our collections 

of Diptera (o r t wo-win ged Hies), that the ganda tsetze 
fl y was not th e same pecie a that of Zululand and the 
fl y c untry, but a distin ct species previously kn wn only 
on the lYe t Coast and the ongo ba in , and de cribed by 
the narne Glossi11 a palpalis. The story thus dcveloped 
its lf : th e trypanosom of sl eping sickn ess is probably 
carried by this vV est Coast tset ze fly j u t as the trypano­
some of nagana is carried in the south -east of Africa by 
the Glossi ·na morsitan and pallidipe , the regula r and 

THE LEEPi r G 

original " ts tze" Hies . 
leeping sickne s th us presented itself as a sp cial 

kind of hurn an tset ze-Hy disea e . T o t st this hyp the is, 
Colonel Bruce pursued tw v ry important and distinct 
lin s of enquiry. In the fu·st place he found that tho e 
place on his rn ap which were marked as "sl eping-sick­
ness areas" were p reci ly those pl ace from wh ich the 
collected Hies includ d pecirnens of tsetze fl y, whil t he 
found that th ere were no tset z Hi s in the collection of 
Hi e brough t in by the nativ s from the regions where 

ther wa no sleeping sickness . 
His second test in q uiry consi ted in asc rtaining 

wheth r the tsetze flies of ganda ar actually found, 
xp ri rn ntally, to be capable of carryin g the trypano orne 

from one in fect d person to another. F or thi purpose 
it was necessary to make u e of monk ys, certa in sp cies 
of which wer as rta ined to b liable t the infection f 
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th e sleepina sickness trypanosome wh en thi wa intro­

duced by mean of inj ect ion thro ug h a syr inge. Such 

mo nkeys \\'ere fo und to de v lop the chief sy mptoms of 
leepin a ickn e s, a nd ult ima tely d icd of the d isea e, 

t heir cere bro-spinal Huid being invaded by the parasite . 
Accordingly it was poss ib l to use m onkcys as tes t 

an ima is. I t was found by Colone] Bruce that t etze fli cs 
(Glossina palpalz's) \\'hich bad becn made to bite infectee! 
ncgroes could carry the infection to t he monk y ; a nd 

it was a lso fo und that e\·en wh cn a number of tse tze Hies. 
not pc ially preparee!, were a llowed to bite a mon key, 
the lat ter e\·entually develop ed th e trypano ome in its 
bloocl an d ccrebro- pin a l fluicl , thus howing that the 

tse tz fli es, as na turally occ urring in th e country around 
Entebbe, contai n many of th em, the trypanosome ready 
topas from th e fly to a h uman or s imia n \'i t im, wh n 
ca ually bitten by the fly. 

Experim ents such as thesc of infect ion by t he fly, a nd 
the use of monkeys in th e researc h, req ui re very grea t 
are ; a nd it is quite reasona ble to ask th at th ey sha JJ be 

repea ted a nd most carefully checked before th ey are 
cons ideree! as demon trat i\·e a nd a b olutely c rta in. I t 
may, however, be cons ideree! a pract ically erta in t ha t the 
sle ping ickn css is due to the p resence in th e cerebro­
spin a l fluid of quantities of a m inute parasite, th e T 1yjauo­
soma Gambieuse, \\'hich is a rried from ma n to ma n by t he 

prrtpalis tsetze fly, whi ch sucks it up from th e blood of 

a n in fec tecl inclividua l a nd conveys it to previousJy unin ­
fec ted ind ivid uaJs. The na tive in Uganda Ji a bout a nd 

sleep under the shade of t rees wh erc the tse tzc fli es 
a re especiaJJy abundant ; and they are qu ite indifferent to 
the bi tes of fl ies of on ki nd a nd an oth er. 

I t is th e di Iike to t he mere touch of a fly, s tiJ l more 
to i ts bite, which has protected Europeans almo t ntirely 



THE SLEEPING ICKNESS 

from the sl eping sicknes . Unfortunately there JS no 
irnmu ni ty for E uropeans in the matt r ; and the xist­
en e of half a dozen or more cases of wh it e people 

infected with the trypanosom , who have ultimat ly 
di d in England or elsewher in Europe from leeping-

icknes contracted t hrough th bite of a fly in Africa, is 
ab und ant proof that there is not a has been supposed, 

any pecial freedom from the di. ease for wh ite people 
1 

Th for going description of the nature a nd mode of 

the infecti on of sl ping sickn ss wi ll not cause any 
a tonishment t th layman of th pre ent day who 
kn ows anythin g of r cent medical cience . W e are all 
familia r with the danger of fl y-bite , even in thi 

ountry, wh cr deadly bacteria a re occ::~.s i o nally carried 
by bit ing fli e , such a th e hors -flies, into th human 
subje t; and nowadays every one is more or less familiar 
with the di covery of the minute blood-parasit which 
causes malaria r ague and i carried by a particular 
kin d of gnat in the interior of which it multiplies by 
a proce s of sexual conjugati n. At the same t ime 
the r ad r who is interest d in sleeping ickn s will 

probably desire to know mor about the natur f th 
tsetze fli es and some furth er deta ils as to the parasite 

spoken of as trypan some. 
The tsetze flies fo rm a g nus called by Wied mann 

(in 1830) ·' Glossina .' ' Th y a re only fou nd in {rica · and 
s rne sev n species in all a re known. They are little bigger 
tb an acommon house-fly, and mu h like it in colour (fi g .-j.8). 
Th y differ in app a rance from th e bouse-fly in the fact 

n\ y \ast year (rgos) L ient. Tul\ocb , of the Army Medical Depart­
ment, who with Professor Mincbin was engaged in carrying on fu rtber 
researcbes for the R oyal Society on the s\ eping sickness at Entebbe in 
U ganda, becaroe infected b y the trypan0some, probably th rough an 
unobser ved bite b y a t etze fty, and d ied of the d i ease soon after his 

return to Eng\aod. 
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that th e wings, wh en th e inscc t is a t rest, a rc pa rai/ el to 
o n a no th cr, a nd s li~htly over-l ap in th e m iddle Jin , 

in s tead be ing to a s mall exte nt d iver~ent a t th c ir free 
extremit ies . Th e bite, Jike t ha t of aH fli cs, is ra th e r 

a s tab th a n a bite , an 1 is cffcc t d by a bea k.J ike proccs 
of the head, th e blood o f t he a nim a] pricked in th is way 

bc in~ drawn into th e fly "s rn outh by a s uckin~ ac tion o f 

th e g 11llct. The ts tze fli cs appear to be especia lly grec !y 
and a re sa id to go r~· them selve to s u ch a n ex tcn t th a t 
th e blood ta ken in from one an im al O\·er fl o 11·s th e ~ull t, 

and so co nta min a tes th e wou nd inflicted by th e fly on t he 
next a nim a l it ,·is its. It is a t th e prese nt moment 
ass um ed very genera l!_\' th a t t hi is th way in whic h 

Tsetze Hies - Gtossina morsitans­
magnified two d ia meters. This is 
the 'Ry ' of the Naga na or horse a nd 
cattle d isease of Sou th A f r ica. Th e 
Glossina falfalis, wbich carries th e 
TI'Jfanosoma Gambien sc causing sleep­
ing sickn ess, is very closely sirnila r 
to it in appeara nce. 

infect ion is proclu cecl. But it is no t a t a ll impro ba ble 

t ha t th e trypanosome uncl cr~ocs some kind of multiplica­

t ion and ba nge of form wh en suckcd in to th e t se tzc fly 

as happcns in the case of th e malaria paras ite wh en 
swallo\\·ccl by th e A 1wpheles ~n at. 1\ o s u ch c han~c has 

y et been di scovered in regard to t he t rypa nosome of 
sleeping sickness ; but it cann ot be sa id tha t th ma tter 

ha. bcen cxha ustivcly s tudicd, or t hat a nega tive co nclu-
ion is justifi ed. 2 

2 

Professor l\Iinchin in ve >tiga ted this subjec t du ring 1905 in Uganda 
wh ither he went on behalf of the T ropical Diseases Committee of the 
Hoyal Society . H e did not discover anything corresponding to th e 
development of the malaria ! parasite in the gna t, but bis illl"es tigati ns 
are not ye t brough t to a conclusion (December, rgo6J. 
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s to the paras ite itself- the trypanosome-a long 

a nd very interesting tory ha now to be t old. The fir t 
bl ad-parasite ever made kn own to natu ralists and 
med ical men wa that t wh ich Gruby, in r8-1-3, gave the 
name T rypa11 osoma sangtti11is. H f und it in th e blood 
of the c mmon froo . v..; have h re reprodu ed a figur 

B 
A 

FIG. 49· 

The earliest discovered Trypanosome, described by Gruby in 1 43 as 
"Trypanosomrt sanguinis" and found by him in the bio cl of the common 

It was not noticed aga in uuti l it was re-di covered by Lankester in esculent Frog . 

r871, who published the above ligure of it in the Q·ual•le•·ly j ournal of l'rficro-

scopical cience in th at year. 

of t hi origin al t rypanosome (fi g. -!-9) · Simila r parait s 
had b en seen, but not nam d , in the blood of fi h 
T he e trypanosomes are all yery minute and of a some­
what longated fo rm, a fair average length b ing one 
thousandth f an inch. They a re simple protopla mi 
anim al , cons istin g of one ingle nucleated corpuscle . 
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Th e protoplasm is drawn out at one end of t he creatu re 
into a motil e undulati ng th rcad, and from th point 

whcrc this join s th e body a membranous undulating cres t 

ex tend s along the greater part of the a nimal's lengt h. 
Thcre is no mouth , nutri tio n being effec ted by th 
imbi bi ti on of soluble nutricn t matter. 

After a long in tcrval Gruby's trypanosome was rc ­
discovered in r 87r · and then e\·eral kind ,,·cre d sc ribed 
in th e blood of t01·toi es, fi hes and birds. I n r878, Dr. 

Timot hy Lewis found a parasite in the blood of ra ts, a t 
first in India, and subsequ ently in the comm on rats of 
L ond on sewers. Thi s parasite resembles a try pa nosome 

in ma ny respec ts (fig. -+6A), but " ·as ve ry properly g i,·en 
a di st in ct name by Savile Kent, " ·ho cal led it " H rpcto­
monas." This na me has, howcver, bccn drop peel ; and th e 
rat's -bl ood paras i tc is spo ken of a a trypanosome. I t is 
th e T rypauosoma L ewisii, and was the fir t of th e. e 
trypanosom es to be found in the blood of a mam malian 
a nim al. The Trypau oso111a Lewisii of the rat's blood 

seems to do no harm to the rat, in which it swarm s, 
multiply in g it elf by longitudinal fiss ion; nor is it a t 

pr ent kn own to produ e a ny trouble in oth r a nim ais 
wh n tra nsferred t their bloocl . Sim ila rly, th e frog' 
trypa nosome seems to exist innocently in the frog' 
blood. 

Th e ncxt trypanosome dis O\·e rcd (r 8o) was, howcver 
foun cl in th e blood of camcls, horses, a nd catt le suffering 
from a deadly d i easc known in India by t he nam e 

"su rra ." It is ca lled Trypanoso111a Eva.nsii, aftcr th e 
observer wh o detected it. Trypanosomes now began to 

rret a bad name, for the next was cl iscovered in a nim a is 
affl icted by a North 1\fri can disease known to French 

veterinari s as "dourine. ' This trypanosome was ca l! ' cl 
T. eq uiperd 11111 . 
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A little later , narnely, in the year r 8gS, came Bruce's 

discov<'Y of a tcypa nos me associat d with a ts tze fly 
in the pcoduction of the w cible nagana di ease of the 
"fly-belts" of South Afci a , which renders whole t rri­

tocies impassable for horses or cattle (fig. 46Bl · Th 
rernarkable and important obs rvation was made by Bruce 
thal this tcypanosome (kn own as T . Br<"'i) inhabits 
the blood of big game without injuring them, just as 
the rat 's trypa nosome inhabits the rat's blond witbout 
p roducin g dis ase ; and thal it is only when the t ry­
pa nosome is carried from these natu ral wild " hasts ' to 
dom sticated animals introcluced by man, such as herses 
asses, cattle, a nd dogs, thal disease results . The wild 
animais ace "immune" to Bruce's trypanosome; tb 
introduc d a nimals ar poisoned by th e products f its 

growth an l fissile multiplication in their blood. 
Sine Bruce's researches on nagana, a trypanosorn , 

T . eq1tinmn (fi g. 46D), has been disco v red in the hors -
ranches of outh Am erica, where it causes deadly di ase, 

the m aL de caderas, among th e co\lected hors s ; and a 
curiously large-si"d trypanosome bas been found by 
Theiler in th e blood of cattl.e in the Transvaal. Down 
to a rec nt date no trypan some bad been fouad in 
th e blood of man ; and indeed it is almost certain thal 
none of the kinds hitherto m ntion d can sucvive in his 
blood. But in r goz Dutton di covered a trypanosome 
in the blood of a W e t Afci can patient; and a f w 
oth r cases were noted. This trypanosome of hurnan 
blood was called by Dutton T. Gambien e. It was not 
found to be connected with any erious syrnptoms , a 
little fever being the only disturbance noted. lt now, 
however, appears thal this trypanosome in the bl od 
is th e prelimi nary stage of th infection whicb ends in 
sleeping sickness; and, as we have seen, in a population 
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•io .,, ly attacked by ' leeping ' ickn '5, " <s tha t of 

Uganda, "' many a' ' pcc cent. of the people have trypanoso mes in th eir blood. 

Thcce i, no gco"nd at pccsent known loc diHio. 
W'i' hing Dottoù T. Comb.<,, o f homan bio d h om 

tha t which Bcoce ha, foond to be '" tm ibly abondaot 
in Uga oda, a nd to be the ca"" of ' looping ' i koc '· 
l ndced ali the tcypano,ome of the blond of th e lacgcc 
ma mm al ia are singu larly alike in appearance; and the 
hgoce "hich ;, beee gi,- n (hg. so) of the tcypano,om 
of ' leeping iekn " [T. Gambùn,) mig ht qoite weJJ 
serve to repre ent th e T. E vausz"i of s urra di ea e, the 

''-~, B. 
Frc. so. 

Tryfanoso/11~ Ga111bimse, from the 
bloocl of men suffering from the earl y 
symptoms of sleeping sickness. A, 
after Bruce and Navarro; ll, after 
Castellani. They show a la rge 0\'a l 
nucleus (clrawn as a black mass), and 
a smali black "micronucleus," or 
"blepba roplast" in front . 

T. Bma i of naga na di 'Ca'C, oc th e T . cqui"""' of th e Sn., th 
American mal de caderas. 

A most characteristic feature, which has been made 
out by th e carefu J study of these trypanosomes by mean 
of coloocing ccagent, and vccy high powc,·, o f the 

miccŒcope, i, that, wh iht thecc i, a la cge g,·a noJa,· 
nu cleus th ere is a lso a smalJ body at the anterior end 
of the anima/cole which ccadily 'tain, a nd i placed a t 

the nd of the mo t (,o to speak) nf the vibcatiJe 
jlagdium "' Ieee thccad. T hi, ma/Jec nocJco h" bcen 
vaci o o,J y ca/Jed the " mi c con oc/e"'," th e " eco tco,ome," 
and the "blephacop!a,t." I t is id >ntica/ with a , tco ctm·e 
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simila rly placed in non-p arastt tc miscroscopi c animais t o 
wh ich trypa nosoma is undoubtedly related . "-11/e fmd it 
in the phosphorescent noct il uca o f o ur seas, a nd in va riou 

an im alcules called "Flagella ta ." 
The creat ure drawn in o ur fi g . 50 is, then, t he typical 

trypa no me. It is this whi ch th med ical investigator 

looks for in his human or a nim al patients; it is this 
wh ich l1e has regarded as th e sig n a nd proo f of infection . 

Experim ents have shawn that , th ough o much alike in 
appearance in the diffe rent d iseases we ha ve named yet 
eacb trypano ome has it own p roperti es . Hum a n blood-

T h e T rypanosome (T. eq11iperdum) of 
the d isease cal led "Dourine ," as seen 
al ive in the blood of a rat , eigbt days 

a [ter inocu la tion. 
A, the acti vely wriggling cork-screw-

like parasites ; B , the blood-cor puscles 
of t he ra t. This fi gure, of compar a­
tively low magnification, gives an in­
dication of the rela ti ve size of t he 
paras ites a nd the blood-corpuscles. 

T he blood-corpuscles a re about 
~tb of an inch eacb in d iameter. 

serum is poisonous to ne and not to a nother ; a n a nimal 
immun e to ne 1 not immur.e to another. At present 

no treatment has been discovered which will d stroy the 
paras ites when once they have effected a lodgment , or 
act as a n a ntid ote to th poison which th y prod uce in 

the infec t d a nim al or ma n. But the fact tha t in om 
ca es an a nimal may b come im mune to the a ttack of 
th parasite which usually is d adly to its kind , gives 
hope of an eventual cura tive treatment for trypa no­

so me infection; as does a lso the fact th a t th s rum of 
sorn e an imais acts as a poison to trypa nosomes w hich 

fl. urish in other animals. N 
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\ Vith reaard to immun ity, it must always be r emem­

bered that we are liable to confuse two different con li ­

tio ns und e r this o ne term . An animal m~y be said to be 

imm un e to a blood-parasite b ca use that parasite i 
actuaJly un a ble to li ve in its blood. On t he o th er ha nd 

a n a nim a l is o ften said t o be immune to a paras ite when 

the 1 aras ite can a nd does fl ouri h in its blood o r tissu s 

but produ ces no poi ono us effec t. A m ore prec ise no men­

clature would describe th attack ed organi m in th e firs t 

cas as "repellent," for it repels th e parasite altogether; 

in the econcl case as "tolerant, " for it tolera te. t he 
presence and multipl icat ion of t he parasite with ut uf­
fering by it. 

\ Ve ha\·e yet to learn a good deal more as to the 
repuls io n a nd the tolerat io n of th e trypanosom e pa ras it . 

by ma mm als and man . S t iJl m o re have we to learn 

abo ut t he life-hi tory o f t he try panosome. At th e 

m oment of writing, absolutely nothing bas bcen a cer­
ta in ed as to the life-hi tory of the t rypanosomes of m a m­

m a lian blood, except th a t they multiply in t he blood by 

lo ng itu din a l fiss ion. Our ig norance a bout th em is a ]] t he 

m o re serio us s ince o th er trypanoso mes, d i covercd by 

D a nilews ky in bird , have been studied a nd have been 

sh a wn to go thro ugh th e most va ri ed phases of mu lti­
pli cat ion and change of s ize a nd sha pe, in clud ing a 

pro s of sex ual fer t ili sa ti on likc tha t of the m ala ri a 

pa ras ite, to which, indeecl, it now seems certa in the 
trypanosomes are \·e ry closely allied . 

It i to Dr. Schauclinn , 1 that we owe a kno wleclge of 
some most ex trao rdin ary and important fac ts with r egard 
to th e try pa nosome p a ras itic in the blood of the little 

to nc-owl of southern Europe (A theue noctua). T hese facts 

a rc o rema rkabJe th at, were Dr. Schau dinn n ot kn own 
1 

Dr. Schaudinn died in 1906. He was on! y 35 years of age. 



THE SL EEPl G SICK E 1 79 

as a very competent invest igator of micro copie oraanism 
we sh uld he itate to accept them as true. Suppo ing, 

as is not impr bable, that s imila r fact.. cao be shown in 
regard to the trypanosome of mammalian blood , the con­
clusions whi ch ou r medical inves tigators have based upon 
a very limited knowledge of the form and life-history of the 
trypano omes occurrin g in d isea es such as sl ep in g sick­
ness, surra, and nagana, are likely to be gravely mod ified, 
and practical issues of an unexpected kind will be involved. 

As bas already been pointed out in this a rticl e, the 

B rili sh Government bas no taff of publ ic ervant 
trained to deal with the world-\ ide problems of san i­
tation and disease which necessarily come witb in creasing 
frequ ency before th e pu zzled administra tors of our 
cattered Empire. There is no provi ion f r the stud 

of th e nature and history of blood-para ites in this 
country, that is to say, no provi ion of laboratorie with 
th v ry ab l t and exceptionally-gifted investigator at 

their head 1• vV e play with the provi ion of an adequate 
arrny , officers, and equipment to fight disease, which 
annually destroys hund red of thousands of our people, 
much as barbaro us state or bankrupt" Europea n king­
doms play with the prov ision of an ordin ary arm y and 
navy . Their forces exist on paper, or ev n in fact, but 
have no ammuniti on, no offi cers, and no informati n ; 
and there is no pay for the old iers or sailors. Dr. 
Schaud inn, on the other ha nd, carriecl on bis resea rch s 
as an officer of the G rman Imperial H ealth Bureau f 
Berlin ; and the account of them wa.s published in the 
official Report of that important depart ment of the rman 

imperial admin istrat ive serv ice thre years ago . 

1 
Since this was wr itten a professo rship of P rotozoology bas with the 

assistance of the olon ial Office been e tablished in the niversity of 
L ondon. This is a first step towards a recognit ion of the d nty of the 

tate in this matter. N 2 
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I t is not possible he re to give a full report on Dr. 
Scha ud inn ·s work ; but i t appears th a t he ha s tu d ied two 

d is tinc t species of t rypanosoma, both occ urring side by 

B. 

C. 

F 1c. 52 . 

T •·yjanosoma. Ziemanni, from the gut of the gnat (Culex), ha,·ing been 
s ucked in wi th the blood of theow! (Athenet/Ortua-). A, fertil izecl vermiform 
stage. B. multiplication of nucleus. C, elongation and coi ling, with 
in crease of n uclei (ajter Schauclinn). 

s icl e in th e blood of th e li tt le stone-owl, a nd a lready seen 
but incompJeteJy st ud ied, by Dan ilew ky a nd Z iema nn. 

T he econd of t he two species of trypa nosome is 1n so m 

l\Iinu te ne utra! T rypanosomes in the gu t of the gna t libera lt•d from 
the coi led fo rm of Fig. 52, C (aft,•r chaucli nn). 

respec ts t he more remarkab le. Scha udinn calls it T r)'pn n -

soma Ziemnuni ; a nd from th figu res wh ich a re here g i,·e n 
(fi g-s . 4, 5, 6, a nd 7),cop ied fro m h i a rti cle, with th e ex pla na-
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tions below the figures, the reader will at once see what 
an extraordi nary range of form and mode of multipli a ­
tion is prcsented by this one sp cie of trypanos m . 

pace will not permit u to comment on th e van ous 
phas s beyond notin g how assur dly such fonns w uld 
have escaped r cognition as belongin g to the trypanosom 
history if seen, bef re Dr. Schaudinn ' memoir was printed 
by any of our medi c_al commi ssioners blindl y ex pl rin g 

round about the disease caused by trypanosomes in man 

and mammals . 

F. 
FlG. 54· 

A, B. C, D, E longated spiral 
forms of Tryfanosoma Ziemanni 
(sorne intertwined) deve\oped {rom 
those of Fig. 53-sh wing trans­
verse division, nucleus, and 

b\epharop\ast. 
E, F, pear-shaped forms re-

su\ting from the contraction of 
forms \i ke ; G, a elu ter of very 

minute individua\s . 
These fo rms a re observed in 

the goat and also in the blood of 
the owl, into which they pass 
when the gnat bites that bird , 
and there give r ise to the large 
male and female Trypanosomes 
seen in Fig. 55 (tljle1· Schaud inn) . 

One very astonish ing and revolutionary fact di cover d 
by Schaudinn we must, however, sp ciall y point out 
Medi cal men ha v long be n acquainted with the spir illum, 

r spiral thr ads, d i cover d by Oberm yer in the blood 
of patients sufferin g from the relapsin g fever of eastern 
Europ . These were un.iver ally and without question 

regard d as l3act ria (v getabl organisms) and r f rr d to 
the genu " Spirochreta" of Ehr nberg. They were call d 
Spivochœta Obevmeie?'i; and relapsing fever was held to 
b a typical ase of a bacterial infe tion of the blood , 
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I t is now shown by Schaudinn tha t the blood-paras ite sp i ro ­
ch œta is a phase of a trypanosome (fi g . S-1-) ; t ha t it has a 

large nu c l ~ u a nd a micronu cleus or bleph ar pla t, neith er 
of whicb a re pre nt in th e spiral Bacte ria; a nd , furth er, 
t ha t it a lters its hape, cont racting so as to p resent the 

~ rm of minute O\·a l or pear-shaped bocl ie , ac h provicl ed 
with a la rge r a nd a smaller nucle us (fig . 5-+, E , F). These 
oval bodies a rc o ft en engulfcd by t he colo nrless corpuscle 

A. 

E 
C. 

FtG. 55 · 
T 1:vjanosnma Ziemanni, from the blooà of the little owl. Tb e stages 

shown in F 1gs. 52-54 a re passrd inside the gnat. Th e spira l and pear­
s ha ped bodies of Fig. 54 pass from tbe gnat's proboscis into the blood o f 
th e little owl, a nd g row the re in to tbe large fo rms here fi guree!. A, B . 
a nd C a re fema les, clestined to be fertilizecl by spermatozoa (s<e Fig . zr) 
when swa llowed by a gnat. D and E are male Trypan osomes, wh ich will 
g i1·e ri se each to e igh t fertili zi ng indi1 icl ua ls o r sper matozoa as shown 
in f.ïg . 56-when swall owed by agnat. 

(phagocytes) of th blood ; and it is in th e high st deg ree 
probable th a t in th is cond iti on they have bee n ob en ·ed in 

ame t rop ica l d iseases with o ut t heir rela tion to th e sp ira l 
forms being suspec ted. The co rpuscles lately described 
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by L eishman, in cases o.f a peculia.r Indian fever, are 

very probably of this nature, as are also similar bodie 
re ently described in Delhi sore. On the whole, it may 
safely be said that the research s of Dr . Schaudinn, of 
which only a preliminary acco unt has yet been publish d, 
have widely mod il1ed our conceptions as to these blood­
parasit s, and must lead to important discoveries in 

regard to diseases caused by them in mammal and 

1n man . The facts that wild game serve as a tolerant reservoir 

of trypano ome for th in fection of d rnesticated animals 

Male Trypau oso uut Zie ma.nni , giving rise 
by nuc\ear division to eigh t perrnatozoa 
or microgametes. From the stornach of 

the gnat (Culex) . 
Each of these penetrates and fuses with 

the substance of a female Trypanosome, 
swallowed at the same time or already taken 
in by the gnat. The fertili zi!d animalculre 
is the vermi form moti\e stacre of Fig. 52. 
A; and so we return to the starting-point 

of the cycle (a/ter Schandinn). 

F1 ,. s6. 

by the intermediary of the tsetze fl y, and that native 

children in malaria\ regions act the sarne pa rt f r th 
malaria\ para ite and mosquito, suggest very str ngly 
that some toleran t rese; rvo ir of the leepin o--sickness 

trypanosome may exist in the shape of a hitherto Ul1SL1S• 

pected mammal , bird, or insect . The investio-ation of 

tha t hypothesis and the d i covery of th reproducti e an d 
s conda ry forms of the mammalian trypano om are the 
matter whi<:h now m st urgenüy call for th e eff rts of 
capabl med ical offic rs . But we mu t not be sanguine 
of rapid proa re s, 111 e men of the scientinc quality 
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need ful for purs ui ng these enquiries a re not num erous : 

a nd tho e wh o exist are not endowecl with private 
fortu ne , a a r ule. At the same time no attempt is 

macle by t he British GO\·ern rnent to ta ke suc h lll en 

into its 1 ay, or to provicl e fo r th e trai ning and selec tion 
of such officers .1 

The re la tions of paras ites to th e organisms upon or in 
which th e.r are parasitic, and the relation of man, o nce 

en tered on th e first s teps of h is career of ci 1·ilisa tion, to 
the world of parasites, form o ne of the mo-t in truc tiye 

a nd fa c in a ting c hapters of nat ura l hi tory. It cannot 
be fu !Jy written yet, but a lready some of th e con !usions 

to which th e st uclent i. led in esamining this ubjec t ha ve 
fa r-reac h ing importance a nd touch upon great general 
pr in ciples in a n unexpected manner. 

Befo re th e arriva! of ma n- the wo ulcl -be co ntroll cr, 
the d isturber of Na ture- the adjus tment of livi ng thing 
to the ir s urrounrling condit ions a nd to one anoth er has a 
certa in appearan ce of perfect ion . Natural selec tion and 

th e urviva l of the fittes t in th e struggle for existence 
leacl to the production of a degr e of effic ie ncy an d 
ha nn onious interact ion of th e un its of th e living world, 
which, being based on th e inexorable destru ction of what 
is in adequ a te a nd inbarmonious as soon as it appears, 
res ult in a smooth and order ly working of th e g reat 
machin e, a nd the continuance by hered ity of effic iency 
a nd a hig h degree of individu al p erfection. 

Pa ras ites, 11·heth er microscop ie or of larger ize, a re 
not, in s uc h circum ta nces, th e cau e of widespreacl 
cli sease or s uffer ing. Th e weakJy members of a spec ies 

may be des troyed by pa rasites, as oth ers a re destroyed 
by beas ts o f prey; but the genera l commu nity of t h 

spec ie , thus weeded, is bcnefited by th e opera tion. In 
1 

ee foo tn o te on p. I 7 \) . 
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t he natural worl d th inhabitants of areas bounded 
by ea, mountain , and river b com adjusted to one 
another; and a balance is established . The only di -
turbin g factors are exceptional seasons, unusual cold , 
wet , or drought. Such recurrent facto rs may from time 
to time increase the number of th weakly who are 
unable to ope with the invasions of minute destructive 

parasites , and so reduce, even to ext rrn ina t ion the kinds 
of ani mals or plants esp cially su ceptible to uch influ­
ences . B ut any thing like the epid mie d i eases of para­
sitic origin with wh ich civili ed man i unhappily familiar 
seems to be d ue either to his own restless and ignorant 
activity or, in his ab ence, to great and probably 
somewhat udden creological change - chan ges of the 
conn xions, and therefor communications, of great land 

a reas . It i abundantly evident that animals or plants which 

have, by long reans of selection and adaptation, be orne 
adjusted to the pa ra ites and the climatic conditions and 
the general company (so to speak) of one cont in nt may 
be totally unfit tq cope with thos of another ; ju t as 
the Marti an giant of Mr. H. G . ·w ells, though marvels of 

ff nsive and defensive development , were helpless in the 
p r sence of mundane putrefact i,·e bacte ria and were 
rapidly and surely de troyed by them. ccording}y, it 
is not improbable that such geological change a the 
junction of the orth and ou th \ merican continents, of 
North and South Africa, and of varions large i lands and 
neighbourin g cont inents, have, in ages before the advent 
of man, led to th development of disa trous epidemies. 
It is not a far-fetched hypothesis that th e disapp arance 
of th whole equine race from the American co ntinent 

just before or coincidently with the adven t of man- a 
reg\On where h rses of ali kinds hacl ex istecl in greater 
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,-ari e ty th an in a ny other part of the world- i due to t he 

s udclen introd uction, by means of some geological ba nge, 

of a deaclly paras ite \\'hich spread as an epidem ie and 
ex t i ng ui. hec! th e en ti re horse popula tion. 

\Vhatever may have happ nec! in past geological 
epoc hs, by force of g rea t ea rt h-m o\'ements which rapidly 

broug ht the adap ta tions of one cont in ent into contac t 

with th e pa rasites of a no th er, it is quite certain th a t 
ma n, proue! ma n, e,·er s in ce he has learnt to bui ld a hip, 
and e ,·en before th at, wh en he made up his minci to ma rch 

a imlessly ac ross contin ents t ill he co ule! go no furth er, 

has played havoc with hi m ·e]f a nd a il sorts of h is fellow­
bC' ings by mixing up the prod ucts of one a rea with th o e 

o f anot her . Nowhere has man a lJowecl h imO'e lf- 1et 
a lone ot her an ima is or even p la nts- tu exis t in fixee! lo al 

cond itio ns to wh ich he or t hey ha ,·e become adjusted . 
"! th ceaseless restiessness he ha introduced men a nd 
bea ts a nd pla nts from one land to a not her. H e has 

con ta ntly mig rated with his hcrds a nd his horses, from 

continent to co ntin ent . Parasites, in themselves benefi cent 
pu r i fi ers of th e race, ha ,·e bcen thu converted into te rrible 
scourges a nd the agents of disease. Europ a ns a re 

cl ec ima tecl by the 1ocally innocuou pa ra ites of Afri ca; 
t he South Sea is la nder are exten ni na ted by the compara ­
t ively ha rm less measles of Europe. 

A s triking example of th e disasters bro ught a bout by 

man bJ i nd de ali ngs with N a ture-disaster wh ich can 
a nd \l' ill he reaft r be a ,·oid ed by the a id of sc ience-is to 
be found in t he h istory of th e insec t phylloxera and th e 

vme. In Am rica th e vin e had become acljusted to t he 
phyll oxera 1an·ae, so that when th ey nibbled it s roots t he 
American vine threw o ut new roo t-s hoots and was none 

the wor e for t he little visitor. ~Jan in his blund ering 

way in troduced the America n vine, and ~vi th it th e 
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phylloxera, to Europe ; a nd in three years half the vl!1e 
in France and Italy were de troyed by the phylloxera, 

because th e E uropean vin es had n t been breel in as ocia­

tion with this littl e pest , and bad not acquired the simple 

adj ustin g faculty of throwin g out ne,,· shoots . 
B ut it is not only by hi reckless mixin g up of in com -

patibles from all parts of the globe that the unscientiflc 
man ha ri sked the convers ion of paradi e in to a des rt. 
In h is greedy efforts to prod uce la rge qu a ntitie of animal 
a nd plants conv ni ent for his purpose , a nd in his eager­
ness t o mass a nd organ ise his ow n race for defence a nd 
conq uest, man has accu m ulated un na t u ra l swarms of 
one species in fi eld and ra nch and unn at ural crO\· ds of 
his ow n kind in towns and fortresses . S uch undilut cl 
masses of one organism serve as a rea cly fi eld f r the 
propagat ion of previou \y rare a nd uni mporta nt parasite 

from in cl ividua l to indiYidual. Hum<tn epidemie d i ases 
as weil as th ose of catt le a nd crops, a re largely due to this 

ungua rdecl act ion of th e un. ci nt ili c man. 
A goocl insta nce ofth is is seen in t he hi s tory of the offee 

pla ntat ions of Ceylon, where a prev iously rare a nd ob cu re 
paras it ic fu ngus , leading a n un eventfu lli fe in the tr pical 
forcsts of that co untry, suddenl y found itself pr vicled 
with an un limit cl fi eld of growth and ex uberance in the 
coffee plantat ions. Th coffee plantat ions were destroyed 
by this para ite, which has n w return ed to its pristine ob ­

scurity. Disha rmonious, blunder in g man vv as r spon ibl e 

for its br ief t riumph a nd celebri ty. D ame ature had 
not allow d the coff e fun gu more th an a very moderate 
scope. Ma n cornes in a nd tak s the reins; d i aster follows ; 

a nd there is no possibility of return to the old régime. 
Ma n must make his blunders and retr ieve th em by furt her 

interference- by th e fu ll use of h i inte\lig nee, by the 

continu ally increasing ingenu ity of his ontrol f the 
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phy ica! 11·orld, 11·hich he has ventured to wres t from the 
old ru] of nat ural elec tion an d adaptat ion . 

Th adju tm nt of all living thi ngs to their prope r 
environm ent is one of great delicacy and often of s ur­
prising l imi tat ion. In no liv ing th ings is this more 

remarkable tha n in parasites . The relat ion o f a paras ite 
to th e "host" or'· host "in which it can flouri sh (oft en 

the he t is only one special sp cies or even var iety of plan t 
or anim al) is illustra ted by the more fami liar res tr ic tion 
o f certain plant to a particular soi 1. Th us the Corn ish 

heath only grows on soi l O\·erly ing the hem ically pecu ­
lia r se rpent ine rocks of Cornwall. The t\\"o comrnon 

pa rasitic tape-worm of man pass their early ]ife the one 
in the p ig and th e other in bO\· ine a nimais . Hn t t hat 
wh ich requires the pia as its fir t host (T œ11ia solitt11l ) 

cann ot use a bovin e a nimal as a substitute : nor can th e 
oth r (T œuia mediocanellata) exis t in a pig. Ye t th e 
d ifference of porcin e and b vine fles h and j nic s is not a 

very pa tent on ; it is one o f small variations in hig hly 
co mplex organic chemical substance . A big earth-worm ­
like stomach- worm fl ourishes in man, a nd anoth er kind 
sim ila r to it in t he horse. B ut tha t freq uenting man 
can not ex i t in th e hor e, nor t hat f the bor e in ma n. 

impl er pa rasites, suc h as a re th e moulds, bacteria, a nd 
aga in th e blnod-paras ites, trypanosoma, etc., exh ibi t ab­
solute res triction as to the hosts in " ·hicb they can or 

ca n n t fl ou ri sh withou t showing specifie changes in their 
vital p roces es. Being far s impler in struct ure th an the 
pa ras itic \\"Orm s, they have 1ess "mecban ism "at th eir d is­
posai for bringing abou t adj ustmen t to varied conditions 
of li fe. The microscopie parasites do no t submit to 
alte ra tion in th e chem ical character of the ir surround­
ings without tb emseh · s reac ting and showing changed 
chemical actiYi t ies. A change of soi ! (that is to sa' of 
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host) may destroy them ; but, on th other hand, it may 
lead t incre<:tsed vigour and the most unexpected re­
action on their part in the production of virulent 

!\Te a re justined in believing that untilman introduced chemical poisons . 

his artin cially selected and tra nsported breeds of cattle 
and horses into Africa thete was no nagana disease . The 

T1'ypanosoma Br1rcei lived in the blood of the big game 
in perfect hannony with it ho t. o, too, it is probable 
that th sleeping-sickness parasite flouri hed innocently in 
a sta te of adjustment due to t olerance on the part of th e 
aborigin al men and animals of vY est Africa. lt was not 
until the Arab slav raid rs , Euro1_)ean explorers, and india­
rubb r thieves stirred up th quiet populations of Central 
Africa, and mixed by their io\ nee the susceptible with 
the t olerant races, that the s\e ping-sickness para ite be­
came a dead\y scourge-a " di ha rmony " to use the ug­
g stive term introd uced by my fri end Elias Mets hnikow . 

The adjustment of primaeval populati ons to their con­

dition has also been broken clown by " disha rmonie " of 
another kind, due to man's restless invention , as expla ined 
a few years ago in the inter sting book of Mr. Archdall 
R eid on the" Pr sent E volution of Man." Not only does 
th human race within giv n a rea become adjusted to a 
variety of local parasites, but it acquires a toleran 'e of 
dangerous drugs, such as alcohol and opium, extracted by 
man's in genuity from mat rials upon which he operates. 
A race thu s provided and thus immune impose , by its 
restless migrations, on unaccustomed race the deadly 
poisons to the consumption of whi ch it is itself habituated . 
Th un accustom d ra es are deteriorated or even exter-

minated by the poison thus introduced. 
Infection diseas , it was long ago point d out , must 

be studied from three main points of view: (r) the life 
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history and na ture of the disease-ge rm or in fec ti,·e 
matter : (2) th e infec tee! s ubject, his r p lla nt or tol erant 
possibilities, and his predisposition or recepti 1·ity; (3) th e 
in termed iary or carrying agent . \\'hiJst it is true that 
li tt le or noth ing bas been .done by the S tat in acq u1ring 

o r mak in g u e of kn ow1 dge as to th e first a nd seco nd of 
these factors, ,,·ith a view to co nt rolJ ing th e spread of 
d isease, it is the fac t tha t much bas b e n done both in th e 

way of in vest igation and administ ra t ion in relation to 

th e th ird fac tor. The g reat public-heal th cnqu iries a nd 
con cquent legisla t io n in this co untry, in \l·bich scientifi c 
men of the h ig hes t qualifications, such as S imon, Farr, 
C had,,·ick, an d P a rkcs, took part during th e Vic toria n 
period, have had exc lient res nlt ; to th em are du e 
the vast expendit ure at the pre ent day o n pure wa ter , 
sewage disposa], and sanitary insp ectio n. Bu t little or 
nothing has bee n done in regard to the fir st and sec::md 
di ,·ision s of the subjec t, in whicb th e less organ isecl 
por tions o f th e Briti s h Em pire arc more cl eeply con­

cern ed than in waterworks and sewer-pip s . It is s t iil 
contes tee! wh et hcr leprosy (which i a sen ous sco urge 

in th e Briti h Empire, though expelled from ou r O\l'n 
islands) is a matter of predisposition ca used by cl iet o r 

sol ly clue to co ntagion ; a nd yet it i left to indiviclual 
pract iti oners to work out the problem. The ta te prepares 
vaccin e lymph in a cbeap and unsatisfactory way for the 
use of its, till recently, co mpulsorily vacc in a ted citizens ; 
but 1 he State, th ough tbu int rfering in the ma tter of 
vacc ine, ha spent no mon y to stucly effectively and so to 
improve th e system of vacc ination. H ere a nd th ere so me 

temporary and ineffcc t i1·e enquiry has b en subsidised by 
a Governm nt office; but there is no great army of in­
vest igators working in the best possible labo ra tories , led 
by the able t mind s of the day, with the constant object 
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of improv in g and developin g in new directions the syst m 
of inoculati on. Surely i{ com pulsion , or ev ~ry pres ure 
short of comp ulsion, is justined in enforcin g vaccine in­
oculation on every British fanùly, it would be only 
reasonable and consisten t to expend a million r so a 
year in the perfection and intelli gent control of this 
remedy by the most ski\led investi gators . Yet not a 
halfpenny is spent by the British Government in this 
' ay . Medi ine is organised in this count ry by its 
practitioners as a fee-pa id profession ; but as a n ces­
sary and in valuable branch of th public service it is 
neglected, misunderstood, and rendered to a \arcre extent 
futi le by inadequate funds and consequent lack of capable 
leaders. The defiant desperate battle which civilised man 
wacres with ature must go on ; but man's suffering and 

loss in th e struggle-the delay in his ultimate triumph­
depend olely on how much or h::>w little the great civilised 
communiti es of the world seek fo r increased knowledge 
of nature as the basi of their practical administration 

and government. 

P o -rscRI PT, D ecember, r go6 .- Me srs. Thoma and 
B reinl , of the Liverpool School of Tropical Medicine , 
two years ago discovered and published the fact that 

an a rsenical aniline prod uct known as "atoxyl " when 
inj ected into patients suffering from Sleeping ickness 
destroys the pa rasite and promises to be a cure for 
this ter rible infection. Experiments are in progress 
in many quarters in regard to th is treatm ent, but c r­
t a inty can only be arr ived at by prolonged ob ervation 
of the patients . The newspapers have lately, in error , 
attr ibuted this discovery to Dr. R obert Koch of Berlin, 
·who bas merely con firmed t he observations f the earlier 

workers.--E . R. L. 


