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ADDEESS OF T I I E  P B E S I D E N T  O F  THE 
BBITIS I I  AS80CIATION FOR TEIE 

DJ7AATCBBfENT OF SCIENCE1 

HE outstaliding feature of this meeting 
must" be the fact that we are here-in 
Australia. Tt is the function of a presi-
dent lo tell thc Association of advance3 in  
science, to speak of the uliiversal rather 
than of tlie particular o r  the temporary. 
There will be other opportunities of cx-
pressing the thou~l i t , ,  ~vliicli this event 
must excite in  the dnllest heart, but i t  is 
right that my first words should tdre ac-
count of those acliievenients of organiza-
tion and those acts of national generosity 
by which it. has come to pass that we are 
xsembled i n  this country. Let us, too, on 
this occasion, remember that  all the effort, 
and all the goodwill, that binds Australia 
Lo Britain would have been powerless to 
1:ring about such a result had it not been 
lo r  those advances in  science which have 
given man a control of the forces of nature. 
E'or we are here by virtue of the feats of 
gcnins of i a d i v i d ~ ~ a l  men of science, giant- 
variatioi~s from the oomnion level of our 
species ; and since I am going soon to speak 
of the sigi~ificance of individual variation, 
I can not introduce that  subject better 
than by calling to rememl~rance the line of 
pioneers in  chemistry, in physics, and i n  
engineering, by tlie morlring of whose rare- 
or, if you will, a,bnornial-intellects a mect-
ing of the British Association on this side 
of the  globe has been made physically 
possible. 

I have next to refer to the loss within 

lDelivered at Melbourne on August 14. The 
second part of tlie addreqs, delivered a t  Sydney on 
August 20, mill be printed next week 
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thc gear of Sir David Gill, a former presi- 
dent of this association, himself one oC the 
outstancling great. ITis greatness lay in  
the power of making big fonnilations. ITe 
built u p  the Cape Observatory; he organ- 
ized internatiorial geodesy ; lie conceived 
and carried through the plans for the 
photography of the whole sBy, a work in  

c;seepiiuns the laity still know nothing of 
the nldtter. Ilisiorians debate the past of 
the 21~nnan species, and statesmen order its 
present or profess to gnirle its future as if 
the arlirnal man, the uni t  of their ealc~xla- 
tions, mith his vast diversity of powers, 
were a homogeneons materi:ll, which can 
be multiplied like shot. 

which Amstralia is hearing a conspicuo~~s The reason for this nrqlect lies in  ignor- 
part. Astronomical observ:~tioa is  now 
organized on a n  international scalc, and of 
this great scheme Gill was the 1:eart and 
sonl. His labors l ~ a v e  cnsltrccl a base from 
which others n-ill ~~rocec'dto ciiscovcry 
otherwise impossiljle. IIjs name will be 
long remem1~)rrecI with veneration anti 
gratitude. 

As the subject of the addresses whish I 
am to cl~livcr here and i11 Syclney I talc(: 
I I e r c t J i l ! ~ .  I &hall attempt to give the 
cssc~lcc of the discoveries made hy Men-
cleliun o r  an:11ytical inc.thocl9 of study, and 
I shall ask you to conterl~plate the dcilnc- 
tions afiich thcse physiologitnl facts sug- 
gest in application both to eoolutionary 
thcory a t  l a r ~ e  and to the special case uf 
thr natural history oC h ~ ~ m ~ m  society. 

Recognition of the siqnificancc of hered- 
i ty  is m o d ~ r n .  The tcrnr itself in  its scien-
tific sense is no older than Ilcrbert Spencer. 
Anjiilals and plants are formed as pieces 
of living material split from the body of 
the parcut organisms. Their powers and 
faculties are fixed in their physioloqic.ul 
o r They are the consccluence of ix 

genetic procecs, and yet i t  is only lately 
that  this genetic process has become the 
stxbject cif systen~:ltie researell ancl experi- 
mei~ t .  Thit clariosity of naturalists has of 
course al~vays Bee11 attracted to S I L C ~prob-
Icms; but that  accurate ki1o~.vlecige of 
genetics is of paramount i~nportancein 
any ilttelript to undcrit:lnd the nature of 

ance and misunderstanding: of the nature 
of variatior-r ; for  not allti1 the fact of con-
genital diversity is grasped, ~ ~ i t h  all that 
it inlporls, dors Itno1~-leclge of the system 
of h e r ~ d i t a i * ~  as a transmission stand out 
prinlary nrcessitp in t l ~ c  conslrnction of 
any thiorq- of evolution. or any scheme of 
Iluri~an polity. 

The first full percrption of tErc5 ,rignifi- 
cnrlce of variaiion we o m  to D a m i n .  Tlle 
1)i'esent geac~ration of evolutionisis resnI'izrs 
perhaps more Snlly than clid the scicntifir 
n-orld in the last century that the tlieoly of 
cvol~ltioil had occupied the thonqhts of 
111rl11y a ~ i d  found acceptance mith not a few 
X~efore ever the "Origin" appc.arec1. We 
have conie also to the convictioli that thc 
principle of natnral sclcction can not have 
been t l ~ e  chic4 factor in delimiling the 
species of animals and plants, such as we 
now mitli ful1i.r lmo11-ledge see them artli- 
all^^ to be. IVe are even more sceptical as 
to the validity of tllat appeal to chailgrs in 
thc conditions of life as direct CAUSCS of 
~noclification, ulroiz ~511ichlatterly : ~ t  all 
events Darwin laid much emphasis. But  
that be as the first to provide a body of 
fact demonstrating the variability of living 
thjnps, v,~hatcvcr be its cansation, car1 never 
bc questioned. 

Thore arc some oldcr collections of evi- 
druce, chirfly the worli- of Ihe French 
sc.ltonl, espcially of G o i l r o ~ ~ ~ - - a r i d  T +~,oulil 
mention also thc almost forgotten essay of 

living t h i n p  has only !)en1 realixecl ( ~ i ~ i t e  2 ' [De  I'Espece ct iics R.?ces dans les Etrcs Or 
lately even hy naturalists, and with casual gnrrisi.~," 1859. 
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Wollaston"t11ese however are only frag- 
ments in comparison. Darwin regarded 
variability as a property inherent in living 
things, and eventually we must consider 
whether this conception is well founded; 
but postponing that inquiry for the pres- 
ent, we niay declare that with him be, van a 
general recognition of variation as a phe-
nomenon widely occurrinq in nature. 

If a population consists of members 
which are not alike but differentiated, how 
will their characteristics be distributed 
among their offspring? This is the prob- 
leni which the modern student of heredity 
sets out to investigate. Formerly it was 
hoped that by the simple inspection of 
embryological processes the modes of hered- 
ity might be ascertained, the actual mechan- 
ism by which the offspring is formed from 
the body of the parent. In that endcavor 
a noble pile of evidence has been accnmu- 
lated. All that can be made visible by 
existing methods has been seen, but we 
come little if a t  ail nearer to  the central 
mystery. TxTe see nothing that we can 
analyze furthei--nothinp that can be 
translated into terms less inscrutable than 
the physiological events themselves. Not 
only does embryology give no direct aid, 
but the failure of cytology is, so far  as I 
can judge, equally complete. 'l'he chromo-
sonies of nearly related creatures may be 
utterly different both in number, size ancl 
form. Only one piece of evidence enco1il*- 
ages .the old hope that a connection might 
be traceable between the visible character- 
istics of the bocly ancl those of the chromo- 
somes. I refer of course to the accessory 
chromosome, ~vhich in many animals dis- 
tin,guishes the spermatozoon ahout to form 
a female in fertilization. Even it however 
can not be clairnecl as the cause of sexual 
differentiatloll, for it niay be paired in 
forms closely alliecl to those in which i t  is 

3 "On the Variation of Species, " 1866. 

unpaired or Rccessory. The distinction 
may be present or wanting, like any other 
isecondary sexual character. Indeed, so 
long as no one can show consistent djstinc- 
tions between the cytological characters of 
somatic tissues in the same individual we 
can scarcely expect to perceive such dis- 
tinctions between the chromosomes of the 
various types. 

For these methods of attack we now sub- 
stitute another, less ambitions, perhaps, bc-
canse less comprehensive, bnt iiot less direct. 
If we can not see how a fowl by its egg and 
its sperm gives rise to a chiclren or how 
a sweet pea, from its ovule and its pollen 
grain produces another sweet pea, we a t  
least can m t c h  the system by which the 
differences between the various lrincls of 
fowls or between the various kinds of sweet 
peas are distributed among the offspring. 
I3y thus breaking the main problem up into 
its parts we give ourselves fresh chalices. 
This analytical s t~tdy we call Mendelian 
because &lendel was Ihc first to apply it. 
To he sure, he did not approach the prob- 
lem by any such line of reasoning as I have 
sketched. IIis object m7as to determine the 
genetic definiteness of species; but thougl~ 
in his writings he makes no mention of in- 
heritance i t  is clear that he had the exten- 
sion in view. By cross-breeding he corn.. 
bined the characters of varieties in mongrel 
individuals and set himself to see how these 
characters would be distributed among thc 
iiidividuals of subsequent generations. 
Until he began this analysis nothing but 
the vaguest answers to such a cluestion had 
been attempted. The existence of any 
orderly system of descent was never even 
suspected. In  their nlanilold complexity 
hnnlan characteristics seemed to follow no 
obvious system, ancl the fact was taken as 
a fair sample of the wovl~ing of heredity. 

Misconception was especially bronght in 
hy describing descent in terms of "bloocl." 



The common speech uses expressio~s such 
as consanguinity. pure-bloocled, half-blood, 
and the like, which call up a misleading 
picture to the mind. Bloocl is in some re- 
spects a fluid, and thns i t  is supposed that 
this fluid can be both quantitatively and 
qualitatively diluted ~vitll other bloods, just 
as treacle can be dilnted with water. Blood 
in primitive physiology k~eing the peculiar 
vehicle of life, a t  once its essence and its 
corporeal ahode, lhese ideas o l  dilution and 
compounding of characters in  the com-
mi agling of bloods inevitably sugg:est that 
the ingredients of the mixture once com-
bined are inseparable, that thcy can be 
brou".lt togct l~rr  in any rolative amounts, 
and in short that in heredity we arc con-
cerned mainly with a qnantitative prohlem. 
Truer notions of genetic physiology are 
,given by the ISe1,r.c~ expression "seed." 
If we speuli of a marl as "of the blood- 
royal " nc thinli a t  once of plek~eian dilrc 
tion, and me n-ondcia how maell of the royal 
iluicl is 1ilcel-j- to he "in bis veins" ; but  if 
n e  say he is "of the seed of Abraham" me 
ferl something of the permanence and in-
cicstructihility 01' lhal germ which en11 lse 
divided arrd scatteycd amonq all nations, 
but 1.emains rrcognizalolc in type 2nd char- 
acteristics aster 4,000 yearn. 

I In~ow a I)~*eeder who had a chest cou- 
taining k,ottles of colored licl~lid:; by which 
he used to illahirate the relationships of 
his dogs, pmr ing  froin one to another and 
titrating illem quantitatively to illnstrate 
their pedigrees. Galton was beset by the 
same kind of mistxlce when he proniulqatetl 
his "Law of Anccstral IIeredity." V i t h  
modern rcsearch all this has heen clcarcd 
away. The allotment of charaetcristics 
among offspring is not ncco~nplished by the 
exudation oP drops of a tincture represent- 
ing the sum of the characteristics of the 
parent organism, but by a process of C P Z Z -
division, i n  which numbers of these char- 
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acters, o r  rather tlie clemerlts upon which 
they depcnci, are sorted out among the re- 
sulting germ-cells in an  orderly fashion, 
m i a t  these elemenis, o r  fcrclors as we call 
them, are we do not ltnon.. That thcy are 
in some may directly transmitted by the 
material of the ovmn and of the  sperma- 
tozoon is obvioi~s, but i t  seems to me un-
liltely that they are in any simple or literal 
sense material particles. I sirspcct rather 
that  their properties depend on some phe- 
iionlenon of arrangement. Iloweve~. that 
may be, analytical breeding proves that  it 
is according to the distribution of ihesc 
gclictic factors, to use a noii-committal 
tcrm, that  Lhc characters of the offspring 
alee decided. The fitxt business of experi- 
mental genetics is to detern~ine their nnm- 
ber and interactions, and then to lnalcc an 
analysis of the varions types of life. 

Ron- the orclinary genealogical trees, suull 
as those which the stud-books provide in  
the case o l  the domestic animals, or the 
ITeralds9 College provides in the case of 
man, tcll nothing of all this. Such methods 
of depicting clcscent can not even sho~v tl1e 
orlc thiltg they are devised to sho5~-purity 
of "blood." F o r  a t  last we linov the 
physio!ogical m e a n k g  of that expression. 
LZLI organjsm is pnre-bred vrrhen i t  has b ~ c n  
formecl hy the union in fertilization of two 
germ-cells which are alike in  the factors 
t h ~ y  bcnr; and since the factors for tllc 
S P I T C ~ ~ ~chari~ct~risticsare independent of 
each other, this question of puibily must he 
scparatcly consiclered for each of them. 
A man, for example, may be pure-l~red in 
respect of his musical ability and cross-bred 
in respect of ille color of his eyes or the 
shape of his monlh. Though nrc. know 
nothing of the essential natin-e of these 
factors, we lcnomr a good deal of their 
powers. They may confer height, color, 
shape, instincts, powers both of mind and 
hody; indeed, so many of the attributes 
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which animals and plants possess that we 
feel justified in the expectation that with 
continued ;~nalysis they will be proved to be 
responsible for most if not all of the differ- 
ences by which the varying individuals of 
any species are distiilgnished from each 
other. I will not assert that the greater 
differences m~hich characterize distinct spe- 
cies are due generally to such independent 
factors, but that is the conclusion to which 
the available evidence points. All this is 
now so well understood, and has been so 
often demonstrated and expounded, that 
details of cvidence are now superfluous. 

But  for the benefit of those who are un- 
familiar with such work let me briefly 
epitomize its main features and conse-
quences. Since genetic factors arc definite 
things, either present in or absent from any 
germ-cell, the individual may be either 
"pure-bred" for any particular factor or 
its absence, if he is constituted by the 
union of two germ-cells both possessing or 
both destitute of that factor. If the iadi- 
vidud is t , h~n  pure, all his germ-cells will in 
that respect, be identical, for they are simply 
bits of the similar germ-cells which united 
in fel-tilizai ion to produce the parent organ- 
ism. We thus reach the essential principle, 
that an organism can not pass on to off- 
spring a factor which it did not itself re-
ceive in fertilization. Parents, therefore, 
which are both destitute of a given factor 
can only produce offspring equally desti- 
tute of i t ;  and, on the contrary, parents 
both pure-bred for the presence of a factor 
produce offspring equally pure-bred for its 
presence. Whereas the germ-cells of the 
pure-bred are all alike, those of the cross- 
brecl, which resnlts fmm the union of dis- 
similar germ-cell?, are mixed in character. 
Each positive factor segregates from its 
negative opposite, so that some germ-cells 
carry the lactor and some do not. Once 
the factors have been identified by their 

effects, the average coniposition of thc sev- 
eral liinds of families formed froin the vari- 
ous matings can be predicted. 

Only those who have themselves wit-
nessed the fixed operations of these simple 
rules can feel their full significance. V e  
come to look behind the simulacrum of the 
individual body and we endeavor to dis- 
integrate its features into the genetic ele- 
ments by whose union the body was formed. 
Set out in colcl general phrases such dis- 
coveries may seem remote from ordinaiy 
life. Become familiar with them and you 
117ill find your outlool; 011 the ~vorld has 
changed. Watch the effects of segrega-
tion among the living things with which 
you have to do-plants, fowls, dogs, horses, 
that mixed concourse of hunlanity we call 
the English yace, your friends' children, 
your own children, yourself-and however 
firmly imaginatioii be restrained to the 
bounds of the known and the proved, you 
will feel something of that ran5e of insight 
into nature which Menclelism has begun to 
give. The question is often asked whether 
there are not also in operation systems of 
descent quite other than those contem-
plated by the Mendelian rules. I myself 
have expected snch discoveries, but hitherto 
none have been plainly demonstrated. I t  
is true wc are often puzzled by the f a1'1 ure 
of a parental type to reappear in its com- 
pleteness af.ter a cross-the merino sheep 
or the fantail pigeon, for example. These 
exceptions niay still be plausibly ascribed 
to the interference of a multitude of factors, 
a suggestion not easy to disprove; though 
it seems to rile equally liliely that segrega. 
tion has been in reality imperfect. Of the 
descent of quantitative characters we still 
kno~v practic:zlly nothing. These and hosts 
of difficult eases remain almost untouched. 
In  particular the discovery of B. Baur, and 
the evidence of Winkler in regard to his 
"graft hybrids," both showing that thc 
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si~b-cpidcrmal laycr of a plant--the l ~ y e r  
from n-hich the germ-cells are derired-
nlay bear exclusively the charactcxs of n 
part  only oC the sornn, give hints of el~rions 
complications, ant3 s ~ ~ q q e s t  that in plant5s 
a l  1c;;it the i~~tcrrolations brtween soma and 
qzt~nelc may bc fa r  less simple tli'tn we 
have snpposcd. Nevertheless, speakillg 
generally, w\;r: see nothing to indic:lto tliat 
clualitntive characters clescend, ~vhcther in 
plants or animalh, accordiljg to systerns 
~ v l ~ i c h  incapa1)le of factol'ial represen- are 
tation. 

'i'ile body of evidence :iczi~rnulated by 
this l~lethod of analyhis is nonr vel-y large, 
a n d  is still gl'owiug fast hy the labors of 
ninny ~rol-lien. I'rojirc'ss is also beqinning 
along 1?1tlny novel :~nd eitrioits lincs. The 
clctails arc too technical for  in(3lnsion here. 
Suffice i t  lo say that not only lla-\.e rnp proof 
that segregation affects a vast range of 
charnctc~ristics, but in the course of onr 
analysis phenomena of most nncxpecicil 
liirtds 11:lve hcen cncountered. Some of 
these tE~iirgs t r e n t y  yeam ago must 41a~w 
scclnecl inconceivable. For. exmnple, the 
two sets of sex organs. male and f ~ m : l l ~ ,  of 
the same plant may not bc c a r v i n g  the 
same characteristics; in sonie animals char- 
actcristies, quite intiepcndent of scx, may 
be tlistributccl solely or p~.edoininantly to 
one sex; in c e ~ t a i n  species the male may be 
breeding true to its own type, while the 
fcrnalc is pt->rm:me~ltly mongrel, throwing 
oK eggs of a distinct variety in  addition to 
t11oich of its own type; characteristics, 
esselrt,inlIy irldependerrt, rnay be associaterl 
in  special combitlalions which are l a r ~ e l y  
rctainecl in the nest  gcueration, so that 
aniong the grandcllilrlwen there is num(~rica1 
prepondci-ance of those c~ombinations which 
existed in the grantlpnrcnts- a discovery 
which iiitroclaccs 11s to a new phenomenon 
of polarity in  the organism. 

We are accl~stonled to the fact that the 

fertilized egg has a polarity, a front and 
hind end for  example; brrt we have now to 
rceogriize that it, or the primitive germinal 
cells fornied from it, may have another 
polarity shown in the groupings of the 
parental elemctlts. I am cntirelg sceptical 
as to thc occurrence O F  segregation solel>- 
in the maturation of the qe~m-cells,4 pre-
fcrring at  present to regard it as n speciil! 
c.acc of that, patch-tvorli condition we see in  
so rrrany plants. 'i'hese n~osnics may hrcali 
1117, f ' i~~i t t i i lg  a tI P I I ~ - S ~ O I * ~ S  varioi~q cell- 
divisions, anti I suspect that the q r ~ a t  
reqularity seen i r i  the P, ratios of the 
c1~re;11.s, for  example, is a consequence of 
very late scgregatio~t, whereas the excessive 
irrcgnlarity found in other cases may be 
lalien to indicate that  scqregat io~~can 
happcn a t  earlier stages of cliti'rrcntiation. 

The paradoxical desceut of color-bljud-
ncss and othcr sex-linlitccl conditions-
formerly reqar(7,~d ;is an inscriltalule caprice 
of natnre-liiis been represented with ap- 
proxirnatc correctuew, and we already li~lom 
s o n ~ ~ t l ~ j n g:ts to tlie way, or pcrh;rps I 
should say M ' B ~ S ,  in  whic11 the dctern~ina- 
tion of sex is accomplishecl in some of the 
forms of life-thoslgl~, I hasten to adti, we 
liavc no inkling as to any rnctEiot1 hy which 
that cletcrlnination may be irlfl~lonceci or 
djrccted. It is obv io~~s  that such cliqcw-
pries have hearings on most of tlie proh-
lem:;, mhcthcr theoretical or practical, in  
which ar~irnals ancl plants arc concerned. 
Permanence or change of type. perfection 
of type, purity or niistore of race, "racial 
Clevelol~rn~nt," the siieccssion of forms, 
from being vague phrases expressing mat- 
ters ol' degree, arc now seen to bc capable of 
acquirinq physiological meaninqs, already 
to some extent assigned with precision. F o r  

4Tlic. f ~ c tt h a t  plants llic ~ n , ~ l oin cer ta in  2n,3 
fci~inleoTgans resl?etzi I\ ely carry dis t inct  factors  
rnxy h r  quotrtl ns almost ije~.isi~,ely t h on r q a t ~ v ~ n g  
qilggeitron t h a t  zegrrgatioll is confined to t h e  re-
tll~ctiondivis~on. 
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the n:lturalist-and i t  is to him that I am 
especially addressing myself to-day-these 
things are chiefly significant as relating 
to the history of organic beings-the theory 
of evolution, to use ollr modern name. 
They have, as I shall endeavor to show in  
my second addrtm to be given in Sydney, 
an immediate refei*ence to the conduct of 
human society. 

I suppose that  every one is familiar ill 
outline with the theory of the origin of spe- 
cies which Darwin promulgated. Through 
the last fifty years this theme of the natn- 
ral selection of favored races has been 
developed and espounded in writings in- 
numerable. Favored races certainly can 
replace others. The argamcnt is sound, 
lout we are doubtful of its: value. F o r  a s  
that debate stands ~adjourned. We go to 
Darwin for his incomparable collcction of 
facts. We would fain elnulate his scholar- 
ship, his width and his power of exposition, 
but  to ILS he speaks no more with philo- 
sophical authority. We read his scheme of 
evolution as we would tham of T~ucretius 
or of P~ainarcli, delighting in  their simplie- 
ity and their couraqe. The practical and 
experimental sihldy of variation and hered- 
i ty  has not merely openod a new field; i t  
has given a new point of view and new 
standards of criticism. Naturalists may 
still be found expounding teleological 
s y s t e m s b h i c h  ~ ~ i o a l d  have clelighted Dr. 

6 T take the folloning from the abstract of a re- 
cent Cioonian Lecture ( ' O n  the Origin of l i am-
mals " delivered to the Royal Society: " In  TJpper 
Trrassic trmes tlie larger C,yl~odonts preyed upon 
tlLe large Anomodont, Kanlaemeyerin, and carricd 
on their existence so long as  these Anomodonts 
survi~ed,  but diea out mith them about the end of 
the 7'1ins or in Rhatic times. The wnall Cyno-
donts, having neither slriall Anomodonts nor small 
Cotylosaurs to feed on, n-ere forced to hunt the 
very active long limbeil Thecodonts. The greatly 
increased :~ctivity brought about that series of 
changes which formed the  mammals-the flexible 
skin 1~1th hair, the four-chambered heart and 

Pungloss himself, but a t  the present time 
few are misled. The stllde~lt of genetics 
l i n o ~ ~ ~ sthat the time for the developlnent of 
theory is  not yet. B e  would rather stick 
to the seed-pan and the incubator. 

I n  face of what we now know of the clis- 
tribution of variability in nature the scope 
claimed for  natural selection in  detelmin- 
ing the fixity of species must be greatly 
redacecl. The doctrine of the survival of 
the fittest is undcniable so long as it is 
applied to the orcanism as a whole, but to 
attempt by this principle to find value in  
all definiteness of parts ancl fnnctions, and 
in the name of science to see fitness every- 
where is mere eighteenth-century optimism. 
P e t  i t  was in  applicatian to the parts, to 
the details of specific difference, to the 
spots on the peacoclc's tail, to the coloring 
of an  orchid flower, and hosts of such ex-
amples, that  the potency of natural selec- 
tion was urged with the strongest emphasis. 
Shorn of these pretensions the doctrine of 
the survival of favored races is a truism, 
hclping scarcely a t  all  to account for the 
diversity of species. Tolerance plays al-
most as considerable a part. By  these ad- 
missions almost the last shred of that telco- 
logical fustian with which Victorian philos- 
ophy loved to clothe the theory of evolution 
is destroyed. Those who would proclaim 
that whatever is is right will be wise hence- 
forth to base this faith frankly on the 
impregnable rock of superstition and to 
abstain from direct appeals to natural faot. 

AIy predecessor said last year that in 
physics the age is one of rapid progress and 
profound scepticism. I n  a t  least as high 

-vrTarm blood, tlie loose jam with teeth for mxsticx- 
tion, an increased development of tactile sensation 
and a great increase of cerebrum. Not improbably 
the attacks of the  nczvly-evolved Cynodoilt or mam- 
malian type brought about a corresponding evolu- 
tron in tlie Pseudosuehian Thceodonts which ulti- 
mately resulted in the formation of Dinosaurs and 
Birds." Broom, R., P ~ o o .Roy. Soc. B., 57, p. 58. 
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a degree this is true of biology, and as a 
chief characteristic of inodern evolirtionary 
thought we must confess also to a deep but  
irksome hmnility in presence oC great vital 
pro1)lems. Every theory of evolution must 
be snch as to accord with the facts of physics 
atlcl clien~istry, a p~birnary necessity to ~vliich 
our  predecessors paid sunall heed. F o r  
them the unknown was a rich mine of pos- 
sil~ilitics on which they could freely draw. 
F o r  us i t  is ratller an impenetrable monn- 
tain out ol  which tlie t r i i t l ~  can be chipped 
in rare and isol3tecl fragments. Of the 
physics and ellernistry oP life wc know next 
to nothing. Somehow the characters of 
living things are bound u p  in propertic~s oP 
colloiils, and are largely detei-mined by the 
chemical powers of enzymes, but the stnciy 
of these clarses of matter has only just 
begun. Living things are found by a sim- 
ple experirnciit to have powers undreamecl 
of, and who ltnows what may be behind? 

Nat.~~rtt l lywe turn aside from general- 
ities. Jt, is no time to discuss the origin of 
the lCIollusca or of Dicotyledons, while we 
are not even sure how i t  came to pass that 
Prinzz~lnobcoaiccl hits in  twenty-five years 
produced its abuntlant new forms almost 
under onr eyes. Kno~vledge of heredity 
has so reacted on our conceptions of varia- 
tion that  very competent men are even 
denying that  variation in the old serise is a 
genuine occurrence a t  all. Variation is 
postulated as the basis of all evolutionary 
change. Do we then as a matter of fact 
find in the world about us variations occar- 
ring of such a lzind as to warrant faith in 
a contelnporary progressive evolution l 
Till latcly most of us have~ ~ o n l d  said 

yes" without misgiving. TJTe should have 
pointed, as Dt i r~v i~ ldid, to the iinrnense 
range of diversity secn in many wild spe-
cies, so commonly that the dificnlty is to 
define the types themselves. Still ]nore con- 
clusive seemccl the pi.ofusion of forins in 

the various domesticated animals and 
plants, most of them incapahlc of existiilg 
even for a, generation in the ~vilcl state, and 
tl~erefore fixed unqnestionahly by human 
selection. These, a t  least, for  ceTtain, arc 
new Porms, often distitlct enough to pass 
for species, .c~~hich liave arisen by variation. 
B u t  whcn analysis is applied to this mass 
01 ariat ti on the mittter wears a differen-t 
aspect. Closely exnnlined, what j9 the 
'(variability" of wild species? What  is 
the natural fact \;vhieh is  denoted by the 
statement that  a given species exlribits mnch 
variation ? Generalljr one of two things : 
either that the individuals collected in one 
locality differ among themselves ;or perhaps 
more olten that  snmplcs from separate 
localities differ from eaeh other. As clirect 
evidence of variation i t  is clearly to the 
first of these phenomezia that we must have 
recon~se-t he hetei+ogenr ity of a popnla-
tion breeding together in  one area. This 
heterogeneity may be in  any degree, rang- 
ing from slight differences that systematists 
wonld disregard, to a complex variability 
snch as we find in. some moths, tvhere there 
is an  abundance of varieties so distinct that 
many wonld be classified as specific forms 
but l o r  the fact that all are freely breeding 
together. nTatul.alists formerly silpposed 
that  any o l  thcse varieties rnigld he bred 
from any of the others. J u s t  a s  the reader 
of novels is prepared to find that any kind 
of parents might have m y  lzincl of children 
i n  the course oF the story, so was the evolu- 
tionist rcady to believe that  any pair of 
moths might produce any of the varieties 
includcd in the  species. Genetic analysis 
has tiisposed of all thew mistalies. TZre have 
no longel* the smallilst donbt that in all 
these e~nmples  the variciies staild in a regu- 
l a r  descending order, and that they are 
simply terms in a series of combinations of 
fctctors separately transmitted, of which 
encll may be present or absent. 

L 
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The appearance of contemporary vari- 
ability proves to be an illusion. Variation 
from step to step in the series must occur 
either by the addition or by the loss of a 
factor. Now, of the origin of new forms 
by loss there seems to me to be fairly clear 
evidence, but of the contemporary acqzcisi- 
tion of any new factor I see no satisfactory 
proof, though I admit there are rare ex-
amples which may be so interpreted. We 
are left with a picture of variation utterly 
different from that which we saw at  first. 
Val-iation now stands out as a definite 
physiolog,<cal event. We have done with 
the notion that Darwin came latterly to 
lavor, that large differences can arise by 
accamulation of small differences. Such 
small differences are often mere ephemeral 
effects of conditions of life, and as such 
are not transmissible ;but even small differ- 
ences, when truly genetic, are factorial like 
the larger ones, and there is not the slight- 
est reason for supposing that they are 
capable of summation. As to the origin or 
source of these positive sepa~able factors, 
we are without any indication or surinise. 
By their egects we know them to be definite, 
as definite, say, as the organisms which 
produce diseases; but bow they arise and 
how they come to take part in the composi- 
tion of the living creature so that when 
present they are treated in cell-division as 
constituents of the germs, we can not con- 
jecture. 

I t  was a commonplace of evolutionary 
theory that a t  least the do~nestic animals 
have been developed from a few wild types. 
Their origin was supposed to present no 
difficulty. The various races of fowl, for 
instance, all came from Callus bafikiva, the 
Indian jungle-fowl. So we are taught; but 
tiy to reconstruct the steps in their evolu- 
tion and you realize your hopeless ignor- 
ance. To be sure there are breeds, such as 
Black-red Gaine and Brown Leghorns, 

which have the colors of the jungle-fowl, 
though they differ in shape and other re- 
spects. As we know so little as yet of the 
genetics of shape, let us assume that those 
transitions c o ~ ~ l d  got over. Suppose,be 
further, as is probable, that the absence of 
the maternal instinct in the Leghorn is 
due to loss of one factor which the jungle- 
fowl possesses. So far  we are on fairly safe 
ground. But how about White Leghorns B 
Their origin may seem easy to imagine, 
since white varieties have often arisen in 
well-authenticated cases. But the white of 
T;Vliite Leghorns is not, as white in nature 
often is, due to the loss of the color-ele- 
ments, but to the action of something which 
inhibits their expression. Whence did that 
something come? The same question may 
be aslred respecting the heavy breeds, such 
as AIalays or Indian Game. Each of these 
is a separate introduction from the East. 
To suppose that these, with their peculiar 
combs and close feathering, could have been 
developed from preexisting European 
breeds is very difficult. On the other hand, 
there is no wild species now living any more 
like them. We may, of course, postulate 
that there was once such a species, now lost. 
That is quite conceivable, though the s~xg- 
gwtion is purely speculative. I might thus 
go through the list of domesticated animals 
and plants of ancient origin and aga,in and 
again we should be driven to this sugges- 
tion, that nlany of their distinctive char- 
acters must have been derived from some 
wild original now lost. Indeed, to this un- 
satisfying conclusion almost every careful 
writer on such subjects is now reduccd. 
Tf we turn to nlodern evidence the case 
looks even worse. The new breeds of do- 
mestic nnin~als niade in recent times are the 
carefully selected proclucts of recombina-
tion of preexisting breeds. lllost of the new 
varieties of cultivated plants are the out- 
come of deliberate crossing. There is gen- 
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erally no doubt in the matter. We have 
pretty full histories of thcse crosses in  
gladiolus, orczhicls, cineraria, begonia, cal- 
ceolaria, pelargonium, etc. A very few 
certainly arisc from a sinqle origin. The 
smrect pea is thc clearest case, and there are 
others which I shonld nante with hesita- 
tion. The c>yclainen is one of thern, but  
tl-e know that efforts to cross cyclamens 
were made early in the caltnral history of 
the plant, and they may very well have 
been suecessfml. Xevcral plants for which 
single origir~s are alleged, such as the Chi- 
nese primrose, the clahlia and tobacco, camc 
to us in an  already clomeqtiealetl state, and 
their origins remain altogether mysterious. 
Pornierly single origins were g e ~ ~ e r a l l y  pre-
sumed, hut a t  the present time n n i n b ~ r s  of 
the chief products of domestication, dogs, 
ho~.ses, cattle, sheep, poultry, wheat, oats, 
rice, pli~rns, cherl-ips, have in tu rn  been 
acccpted as "polyphyletic" or, in other 
~rorits, derived from scver;il distinct forms. 
Th. reason that has led to these judgments 
is that the distilletions l~et~veeil  the chief 
varieties can he tracer1 as fa r  back as the 
evidence reaches, and that these distinc-
tions are so great, so f a r  transcending any- 
thing that we actllijlly 1~~10'11: variation capa- 
ble of cffectiaq, that i t  seelns pleasanter 
to postpone the difficulty, relecntinq the 
c~vitical differen tiation to soirie lnisty anti- 
cluity into 1~7hich we shall not be asked to 
penetrate. F o r  i t  need scarcely be said that 
this is inere proc.rastination. If Ihc origin 
of a form under dolnestication is hard to 
irnaqine, i t  becomes no easier to conceive of 
such enormous deviations from type com-
ing to pass in the wild state. Elxanline any 
two tltoro~lghly distinct specics ~+-ltich ilicet 
each other in  their distribution, as, for in- 
stances, Lycl~qlisdiqtrm ancl vespevtina do. 
In  areas oP overlap are many intermediate 
forms. These used to bc taken to be tran- 
sitional steps, ancl the spreific distinctness 

of ~lcsper-tinnand dizrrnn mas on that ae-
col-uit qucstioneii. Once it is known that 
these supposed intergracles are merely mon- 
grels hetwecn the two species the transi- 
tiorr from one to tllr other is practically 
begoncl our po-cver,s of  irna~ination to con- 
ceive. If both these can snrvivc. why has 
their common parent perished ? Why ~vhcn 
they cross do they riot rclcorist~-net i t  instearl 
of producing partially stet-ile hghrids! I 
take this esi~inple to shorn how cntirely the 
facts \Irere formerly misintcrpretccl. 

T h e n  once the idea of a trne-hreedjnq-- 
or, as we say, homozygons--type is grasped, 
the problem of variation becorncq an in-
sistcnt oppression. What can nidie such a 
type vary! We know, oS conysfl, one way 
by which novelty can l)c introdnccd-by 
crossing. Clross two well-marlicd varieties 
-for instance, of Chinc.se primula-ear11 
breeding true, and in the seconcl genera- 
tiori 1.13- mere rcconil~ir~atio~i of the various 
factors which the two parental types sevcr- 
ally iritrodi~cccl, there vi l l  he a profirsion 
of forins, 1xtterl.y lxnlilie each other, distinct 
also fuom the original parents. Many of 
thcsc. can 17c hrcd true, and if foruncl T\-ild 
~57011ld certainly be described as good spe- 
cies. Confronted by the difficnlty I have 
put  before you. and contemplating saeh 
anlaying polymorphis~ri in the second gcn- 
rration from a, cross jiz Ll~lti~.~*l~i~z?bna,Lotsy 
has lately with grc.at courage snggested to 
ns that a11 variation may he clue to s i ~ c h  
crossiiig. T do not cli~guise my sympathy 
uitll this effort. After the blind compla- 
cency oP conventional evolutionist4 i t  is 
~*efrebhinqlo niect so f'ranli an  ackno~~leclg- 
meut of the hilrdness of tlre puoblcm. 
Lotsy's utterance will a t  least do sornethirig 
to ~sposi .  the artificiality of syste~ttatic 
zooloqy anrcl hotany. XT1~atcver might or 
might not be revealed by experimental 
hrcecling, it is certain that without such 
teqts vrc arc merely quessing when we pro- 
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fess to distiilguish specific limits and to 
declare that this is a species ant1 that a 
variety. The only definable unit in  c las i -  
ficatioii is the homozygous form which 
breeds true. When we presume to say that 
such and such differences are trivial and 
such others valid, we are comlnonly em-
barking on a course for which there is no 
physjological m:trrant. Who could have 
foreseen that the apple and the pear--so 
like each other that their botanical differ-
ences are evasive-could not be crossed to- 
gether, though species of antirrhinum so 
totally unlike each other as nzajzrs and molle 
can be hybridized, as Raur  has sho~vn, witli-
out a sign of impaired fertility? Jordan 
was perfectly riglit. The true-breeding 
forms whic.h he distinguished in snch multi- 
tudes are real entities, though the great 
systematists, dispensing with snch labori- 
ous analysis, have pooled them into arbi- 
trary Linnean species, for the convenience 
of collectors and for the simplification of 
catalogues. Such pragmatical coasidera-
tions may mean much in the museum, but 
with them the student of the physiology of 
variation has nothing to do. These "litlle 
species," finely cut, true-breeding, and in- 
numerable mongrels between them, are 
what he finds when he examines any so-
called variable type. On analysis the 
semblance of variability disappears, and 
the illusion is shown to be due to segreca- 
tion and rcconlbination of series of factors 
on predetermined lines. As soon as the 
"little species" are separated out they 
are found to be fixed. I n  Pace of such a 
result we rnay well aslr with Lotsy, is there 
such a thing as spontaneous variation any- 
where 4 ITis answer is that there is not. 

Abandorling the attempt to show that 
positive factors can be added to the original 
stock, we have further to confess that we 
can not often actually prove variation by 
loss of factor to be a real phenomenon. 

Lotsy doubts whether even this pheiiorii- 
enon occurs. The sole source of variation, 
in  his view, is crossing. B u t  here I think 
he is on unsafe ground. When a well-
established variety like "Crimson King" 
pi.imula, brecl by 3Iessrs. Sutton in  thou- 
sands of individuals, gives off, as i t  did a 
few years since, a salmon-colored variety, 
"Coral King " we might claim this as a 
genuine example of variation by loss. The 
new variety is a simple recessive. It differs 
from "Crimson King" only in  one respect, 
the loss, of a siiiqle color-factor, and, of 
course, bred true from its origin. To acconnt 
for the appearance of snch a new form by 
any process of crossing is exceedingly diffi- 
cult. From the nature of the case there can 
have been no cross since "Crimson King" 
was established, and  hence the salrnon must 
have been concealed as a recessive from the 
first origin of that variety, even when it 
was represented by very few individuals, 
probably only by a single one. Surely, if 
any of these had been heterozygous for  
salmon this recessive coulcl hardly have 
failed to appear during the process of self- 
fcrtilization by which the stock would be 
multiplied, even though that selfiiig mag 
not have been strictly carried out. Esam-
ples like this seem to me practically con-
c lus ive .Vl iey  can be challenged. but not, 
I think-, successfnlly. Then again i n  re-
gard to those variations in number and 
division o l  parts w-hicli me call meristic, 
the reference of these to original cross-
breeding is surely barred by the circam- 
stances in whirh they often bccur. 'rhere 
remain also the rare examples nlentioneti 
already in which a single wild origin may 
with much confidence be assumed. I n  spite 
of repeated trials, no one has yet succeeded 
in crossing the sweet pea with any other 

6 The numerous and most interesting "niuta-
tions" recorded by Profecsor T. H. Morgan and 
his colleagues in the fly, Drosophtla, may dso he 
cited as unexceptionable cases. 
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leguminous species. We know that  early 
i n  its cultivated history it produced a t  
least two marked varieties which I can only 
conceive of as spontaneously arising, 
though, no doubt, the profusion of forms 
we now have was made by the crossing of 
those original varieties. I mention the 
sweet pea thus prominently fo r  another 
reason, that  it introcluces us to another 
though subsidiary for13 of variation, which 
may be described as a J~actionatio?zof 
factors. Some of my Blendelinn colleagues 
have spolre~i of genetic factors. as perixa-
ncnt and indestructible. Relative perma- 
nence in a sense they have, for they eom- 
inonly covne out unchanged after segrcga- 
tion. B n t  I am satisfied that they may 
occasionally undergo a cluantitative dis-
integration, with the conseclncnce that vad-  
etics arc produced intermediate bet~vern 
the integral varieties from which they were 
derived. These clisintegratcd conditions I 
h i i ~ e  spoken or as s~vbtraetion-or retluc-
tion-stages. F o r  cxaniple, the Picotc~e 
sweet pea, with its purple edger, can 
surely be nothing hut a condition produced 
hy the factor which ordinarily malies the 
fully pnrple flower, quantitatively climin-
ishcd. 'Phc pied animal, such as the Duteh 
rabbit, mnst sinii1;~r;ly be rczarcled as tlie 
result of partial defect of the chromogen 
Prom which the ~ i q m c n t  is formed, or eon- 
ceivably of the sac lo^- ~5-hicheffects its osi-
dntion. O n  such lines I thi~ilcwc may with 
g1,eat confidence i i~terpret  all those i v i e s  
grading forms which breed trvc arlr1 are 
riot produced l)y f;ictorial interfi.rc~~ce. 

It is to be inferred that these fractional 
degradations are the conseclnence of irreg- 
ularities i n  segregation. JVe constantly 
see irrcgnlarlt ie~ in  the ortlinnry ~nerislic 
proccJssrs, and i t 1  the disttihntiol~ of sornatic 
cliffermtiation. We are f tiiniliar with half 
s ~ g ~ ~ i e n t s ,'c~rith imperfect, twin~ring, rvith 
leaves partially petaloid, with petals 

partially sepaloid. A11 these are evidences 
of departures fro111 the nolrnal regularity 
in the rhythms of repetition, or i n  those 
waves of differentiation by which the 
qualities are sorted out among the part;;: of 
the body. Similarly, w11en in segregation 
the ciualities are sorted out among the gerin- 
cells in certain critical cell-divisions, we 
can not espect the5e differentiating divi- 
sions to be exempt from tlie imperfeotions 
and irregularities 3ilhich are found in  all 
the grosser divisiorls that  we ca11 obqerve. 
If I am right, me sh:rll find eviclrnee of 
tliese irreqularities in the association of 
r~nconfonnable nunibcrs xvit2l the appear- 
ance oC the novelties wl~ichT have called 
fractional. I n  passin;: how the let 11s ~ x o t , ~  
11istox-y of the sweet pea belies those idcas 
of a conlinuouc; evolation with which we 
had formerly lo contcnd. The big vari- 
etics came Filst. The littlc! ones have ariqe:i 
later, as 1 s i ~ g q ~ s t  Pre-hy I'raetionation. 
sented with a collection of modern sxile~t 
pens how pi'etlily wonld t l ~ c  ctevotces of 
eontinnily have arrangecl thcin in a qradu- 
ated series, sho~iring how every intergrade 
conld be founcl, passing from the flvll color 
of the wild Sicilian species in one clireetiorl 
to white, in the othcr to the clcc.p purple of 
"Black Prince," I h o u ~ bhappily me know 
these 'ITTOto be amon? t-111~ earliest to have 
appeared. 

ITaving in vie%- illesc and other consid- 
erations which mig.;lit bc developed, I fecl 
no reason3blc cloubt th:tt tlio~ipll sve may 
haye to forego n ?[aim lo variations by addi-
tion of factors, yet variation both hy los< 
of factors and Iny fractionation of C i i c t o ~  
is a genuine plienoniellon of eontemporary 
nature. 11 tllen n e have to dispense. as 
seems lilcrly, TT i th ;117yacldi1,ion from willi- 
out we rvilnrt h q i n  serionsly to consider 
whether tlie conlase of cvoli~tion can at  all 
reasonably be rrpresentcd as an nnpt~ckiag 
of an origillal con~plex mllicll contained 
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wilhin itself the whole range of diversity 
which living things present. I do not sug- 
gest that we should come to a judgment as 
to what is or is not probable ill these re- 
spects. As I have said already, this is no 
time for tlevising theories of evolution, and 
I propound none. But  as we have got to 
recopjze that there has been an evolution, 
that somehow or other the forms of life 
have arisen from fewer forms, we may as 
well see whether we are limited to the old 
view that evolutionary progress is from the 
sin~ple to the complex, and whether after 
all it is conceivable that the process was 
the other way about. When the facts of 
genetic discovery become familiarly known 
lo biologists, and cease to be the preoccupa- 
tion of a few, as they still are, many and 
lonq dise~~ssions must inevitably arise on 
the question, and I offer these remarks to 
prepare the g r o ~ ~ n d .  I ask 37ou simply to 
open your minds to this possibility. I t  in- 
volves a ccrtain effort. We have to reverse 
our habitual modes of thought. At first it 
may seem rank absurdity to suppose that 
the prinlordial form or fornis of protoplasm 
could have contained complexity enough to 
prodace the divers types of life. But is i t  
easier to imagine that these powers could 
have been conveyed by extrinsic additions? 
Of what nature could these additions be? 
Additions of material can not sarely be in 
question. We are told that salts of iron in 
the soil may turn a pink hydrangea blue. 
The iron can not be pawed on to the next 
generation. Row can the jroi~ multiply 
itself? The power to assimilate the iron 
is all that can be transmitted. A disease-
producing organism like the pebrine of silk- 
worms can in a very few cases lie passed 
on tlirouqh the germ-cells. Such an oygan- 
ism can multiply and can prodace its char- 
acteristic effects in the nest gener a t '  ]on. 
But i t  does not become part of the invaded 
host, and mTe can not conceive it taking part 

in the geometrically ordered processes of 
segregation. These illustrations may seem 
too gross; but what refinement will meet 
the requirements of the problem, that the 
thing introduced must be, as the living 
orqanism itself is, capable of multiplica-
tion and of subordinating itself in a defi- 
nite system of segregation? That which 
is conferred in variation must rather itself 
be a change, not of material, but of arrange- 
ment, or of motion. The invocation of 
additions extrinsic to the organism does not 
seriously help us to imagine how the power 
to change can be conferred, and if i t  proves 
that hope in that direction niast be aban- 
doned, I think are lose very little. By the 
re-arrangement of a very moderate number 
of things we soon reach a number of pos~i- 
bilities practically infinite. 

That primordial life niay have been of 
small dimensions need not disturb 11s. 
Quantity is of no account in these consid- 
eralions. Shakespeare once existed as n 
speck of protoplasm not so big as a small 
pin's head. To this nothing was added 
that would not equally well have served to 
baild up a baboon or a rat. Let us con-
sirler how far  we can get by the process of 
removal of what we call "epistatic" factors, 
in other words those that control, mask, or  
suppress underlj7irlg powers and faculties. 
I have spoken of the vast range of colors 
exhibited by modem sweet peas. There is 
no question that these have been derivccl 
from the one mild hi-color form by a proc- 
ess of successive removals. When the vast 
range of form, size and flavor to be found 
among the cultivated apples is considered 
it seems difficult to suppose that all this 
variety is hidden in the wild crab-apple. 
I can not positively assert that this is so, 
but I think all familiar with Mendelian 
analysis would agree with me that it is 
probable, and that the wild crab contains 
presumably inhibiting elements which the 



ci~ltivated Itilids have lost. 7'he legend that 
the seedlings of cultivatecl apples bec30me 
crabs is oflen repeated. After many in- 
c l~~ir icsamong the raisers of apple seecl- 
lines I have never fonncl an authentic case 
-once only even an alleqecl case, ancl Illis 
on inquiry proved to bc unfouildecl. I 
have confidence that the artistic gifts of 
nianltind will prove to Be due not to some- 
thing axdcled to the ninlre-np of an ordiaary 
man, h ~ t  to the abs~nce  of factors which in 
the no~~ina l  person illhibit the developrilent 
of these gifts. They arc almost beyond 
donht to bc loolced upon as Y C ~ P ( I S P S  01 
pon-crs ~ o m l a l l y  suppressed. The instru- 
1nen1 is there, hut it is "stoppc~d down." 
The scents of flo\lrers or fruils, thc fi~lely 
repeatecl divisions that give its quality to 
the ~vool of the merino, or in an analoqons 
r3asc tlie multiplicity of cyaills to the tail of 
the f a n t ~ ~ i l  pigcon, are in all probability 
other examples of such releases. You inay 
ask what gnides us in the discrinliriation of 
thc positive factors and horn we can satisfy 

cffcrt Fully. Wben this is so we can n e w r  
')c wliiclr ride i s  positive ancl which 
acgntivt:. Since, then, ~vlien clorninance is 
incomplete we find orlrselves in this dii'fi- 
c~i~lly,nTe perceive that the amomlt of the 
effect is onr only eri'ct2rion in di5tingxishine; 
the llositive from thc negative, rind when 
\v(. rtLturn cvcll to the csarnplc of the tall 
>lnd t11v:~r.i' penh the matter is not 50 cc~rtain 
tis i t  seemed. Professor Coc1;erell lately 
found nmonq Iho~~sandu'of yellow sun-
Povie~s one ~ v h i c h  ~ 1 - a ~  rerl.partly By 
ljreetling lie r:iisrcl f'rorn this a forn~ rvholly 
rcrl. E ~ i d e n t l y  t 1 1 ~  yellow and the wholly 
r td  al'r the pure forms, wncl the p;lrtially 
red is the hc~t~roz~-gote.  TTe niag then say 
that the y e l l o ~  is lrT with two doscs of n 
poiitive factor which irlllibits the develop- 
ment of picmcnl; tlie red is ?/?]. with no 
close of the i n h i l ~ i t o ~ ;  and the partially red 
are Ir?j,with only one dose of il. T3ut we 
might be tcm~)tecl to think the rcd was a 
positive characteristic. arid invert the ex-

ourselves that the appearance of ii q ~ ~ a l i l y  
is due to  loss. It must he concedcd that in 
these tloter~ninations me have as yet re-
course only to thc effects of dominance. 
TVhcn the tall pea is ci-oscred with t l i ~  
dwai-E, since the offspring is tall we say 
that the tall parent passed a factor into 
the cross-brecl which makes i t  tall. ' l 'h~ 
pure tall parent had two doses of this 
factor; the clwarf had none; and since the 
crois-1)red is tall we say that one close of 
thc cloiiiinnnt tallr~ess is enough to give the 
f ~ ~ l lheight. The reasonirlq seems tm-
ans~,i~erahlc. Rut  the commoncr result of 
croqsing is the prorliiction of a form inter- 
mediate bctween the two pure parental 
types. I n  such csalnples tve see clearly 
enough that the P l ~ l lparental characteristics 
call only irp1,enr whnl  they are ho~rloxygous 
- f o ~ n ~ c d  tfrom sirnilar germ-cells. ilnd t h ~  
o11e dosc is innifficient to prodnee eitlrej. 

prc.ssions, rrpreseriting the rccl  as RE, thc 
partly red as X I ;  and the yc>llorv as rr. 
Accorrling as we adopt the one or the other 
sysl mr of e~pression we shall interpret the 
cvolrrtionary change as one of loss or as one 
of addition. 34ay m7e not interpret the 
other apparent new dominants in thc same 
way? Thc ~ ~ r h i t ~  dolninant in  the fowl or 
in the Chincscl primula can inhibit color. 
B111majT it not be that tlre original colored 
fowl or priinula had tmTo closes 01;L factor 
which inll ihit~d this inhibitor? The pepper 
moth, An7phiclnsys bclriln7.ia, produced in  
Erlglnntl a l~ont  181-0a hlaclr variety, tElen 
a novcalty, now ronirnon i n  certain areas, 
\vhicll hchavcr as a, full dominant. The 
~ L I ~ P  :Ire no l~lacker than the cros,- 1,l;~c.k~ 
hrccl. l'honqh a t  first sight it seems that 
the blaelr j172~sthavc tccn sorncthing acldecl, 
we can ~villroiit al)surdity snggrit that thc 
rior1-1,11 is thr  tcrnl in w!iica?~two doses of 
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inhibitor are present, and that in the ab- 
sence of one of them the black appears. 

In spite of seeming perversity, therefore, 
v e  have to acln~it that there is no evolution- 
ary change which in the present state of 
our lino~~ledge we can positively declare to 
be not due to loss. When this has been 
conceded it is natnral to ask whether the 
removal of inhibiting factors may not be 
involied in alleviation of the necessity 
which has driven studrlnts of the domestic 
breeds to refer their diversities to nlultiple 
origins. Something, no donbt, is to be 
hoped for in that clirection, but not until 
much better ancl more extensive li-nowledge 
of what variation by loss may effect in the 
living body can we have any real msuranze 
that this difficulty has been obviated. We 
should be greatly helped by some indication 
as to whether the origin of life has been single 
or multiple. Modern opinion is, perhaps, 
inclining to the multiple theory, bnt we 
have no real evidence. Indeed, the problem 
still stands outside the range of scientific in- 
vsstigation, and when we hear the spon- 
taneous formation of formalclehyde men-
tioned as a possible first step in the origin 
OX life, we thinlr of Harry Lauder in the 
character of a Glasgow schoolboy pulling 
out his treasures from his pocket-"That's 
a wassher-for malikin' motor cars !" 

As the evidence stands et  present all that 
can be safely added in anlplificztion of the 
evolutionary creed nlay he summed up in 
the statement that variation occurs as a 
definite event ofteu producing a sensibly 
cliscontinnous result; that the succession of 
varieties comes to pass by the elevation and 
establishment of sporadic groups of incli-
vi~l-uals owinq their origin to such isolated 
cventa; and that the chanqe which we see as 
a nascent variation is often, perhaps alwayq, 
one of loss. Modern research lends not the 
xn~sllcst cncouraqenient or sanction to the 
view that gradl~al evollxtion occurs by the 

transformation of masses of individuals. 
ihough that fancy has fixed itself on popular 
imagination. The isolated events to which 
variation is due are evidently changes in the 
germinal tissues, probably in the manner in 
~vhich they divide. I t  is likely that the oc- 
currence of these variations is wholly ir- 
regular, and as to their causation we ;ire 
absolutely witho~xt surmise or even plaus-
ible speculation. Distinct types once 
arisen, no doubt a profusion of the forms 
called species have been derived from them 
by simple crossing and subsequent recombi- 
nation. New species may be now in course 
o l  creation by this means, but the limits of 
the process are obviously narrow. On Ihe 
other hand, Tve see no changes in progress 
around us in the contemporary wolrld 
which we can imagine liliely to culminate in 
the evolution of forms distinct in the largcr 
sense. By iritercrossing dogs, jaclcals and 
wolves, new forms of these types can be 
made, some of which may be species, but I 
see no reason to think that from such ma- 
terial a fox could be bred in indefinite tirne, 
or that dogs could be bred from foxes. 

Whether science will hereafter discover 
that certain groups can by peculiarities in 
their genetic physiology be declared to have 
a prerogative quality justifying their recog- 
nition as species in the old sense, and that 
the differences of others are of such a sub-
crdinate degree that they may in contrast 
be termed varieties, further genetic re-
search alone can show. I rnyself anticipate 
that such a discovery will be made, but I 
can not defend the opinion with positive 
conviction. 

Somewhat reluctantly, and rather from a 
sense of duty, I have devoted most of this 
ndclreis to  tllc evolutionary aspects of ge-
r.etic research. We can not Beerr these 
things out 01our heads, though sometimes 
n wish we could. The outcome, as you mill 
bave seen, is negative, destroying much tlmt 
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till lately passed for gospel. Destruction 
may be useful, but it is a low kind of work. 
We are just about where Boyle was in the 
seventeenth century. We can disposc of 
alchemy, but we can not make more than a 
ciuasi-chemistiy. We are am7aiting our 
Priestley ancl oar Mendelbeff. Jn truth it 
i.; not thpse wider aspects of genetics that 
are at  present onr chief concern. They 
will come irr their time. The great advtinccs 
of science are mnclc like those of evolution, 
not by jnlperceptible mass-improvement, 
brrt by tlie sporadic birth of penetrative 
genins. The jonrneynien follow after him, 
-widening and clcaring up, as wc arc cloing 
along the track that &fendel found. 

respcctivcly, 1839-1841-the latter of whom 
were the first to attempt a systematic classifi- 
cation of the bacteria-made doubly difficult- 
for until this time and for some years later 
thcse microorganisms or animalcula, as they 
were then tcrnled, were included among tho 
Infusoria and prcre so classified. 

Authorities have credited Perty, 1862, and 
Robin, 1853, as the first observers to suggest a 
vegetal nature of these organisms. In a rc-
cent review of the scientific correspondence 
between Joseph 1,ciJy and Spencer F. Eaird, 
late secretary of the Srnithsonian Tnstitution, 
in 1847-1849, a letter from Lcidy to Raird in 
1841 attracted my attention. Jn i t  he ob-
serves that hc is in the midst of an investiga- 
tion upon the structure of the aliincntary 
canal and the chemical proecsscs of digestion, 
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Rror,oa~presents f ~ w  Inor? faqcinating pic- 
tures than that  wl1ic.11 portray4 the early 
develop~nent of micro.icopic rescarch in rcla- 
tion to what is now recogmized as the se i~nce  
of bacteriology, and in our anxiety to pursue 
the utilitarian side of the snbjeet i t  behoovcs 
us not to forget the work of the early pioneer 
natllralists who qave us the first glimpse of 
the foundation stones of ~vha t  has come to be 
one of the most important departments of 
biological science. Did time pennit, 1 should 
like to dwcll in detail upon the early work of 
L r c u ~ e n h o e k , ~J l i i l l ~ r , ~Bory-de Saint Tin-
cent, and latcr Ehrenberg4 and D a j a r d h 5  

1 The research with which this paper deals came 
to light during a review of the work performed by 
various authors upon the intestiual flora. of lnen 
and tho lower orders of animals, and it is hoped 
that  the subject ~7111 prove of suficient interest to  
justify the writer in bringing i t  to the attention of 
the Society of American Bacteriologists. 

2 Transactions ZoynZ Socicty, 1675-1683. 
3 "Animalis Infusoria, " 1773. 
4''l)ie Infusionsthierehen als Valkom Organ-

ism," 1838; rcrha?ldl. der Berl. Acad., 1839. 
6 "Historio Naturelle des Zoophytes,' ' 1841. 

and desircs n series of insects from the moun- 
tainous regionh of Pc~inrylvanitt, vherc nnirtl 
then lived, upon which to pursue his inveati- 
gation, the results of whic~h Be wo~ild eommu- 
nicate later through a report to the Philadel- 
phia Acadeniy of Natural Science. 

Curious to observe the cl~aracter of this re- 
search, upon reference to Ihe Academy's I'ro- 
ccedings, wc find in October, 1849, Leidy pre- 
scnted a paper wit11 the following preamble: 

From the opinion so frequently expressed that  
contngious dlseases and soine other3 rnight 11a17e 
their origln and reproductwe character through the 
agency of c~jptog: im~cspores, nhich,  from their 
minuteness and lightness, are so easily con~eyeit 
from plac9e to place thronqh the atmosphere, by 
means of the gentlest Zephyr, or even the evapora- 
tlon continually taking place from the earth's 
surface; and flom the numerous f:tcts already 
presented of the prccence of cryptogamic vegeta- 
tlon in many cutaneous diseases and upon other dis- 
eased surfaces, I xlas led to leflect upon t h o  possi-
bility of plants of this description existing in 
healthy nninmls, as a natural condition; or at  least 
apparently so, as in the case of entozoa. Upon 
cons~dering that  the conditioi~s t.ssenti:rl to xepe 
table gronth nerr  tlre same as those indispensable 
to animal I ~ f e ,I felt convinced that entophyts 
mould be found in healthy living animals, as well, 
and probably as  frequently, as  entozoa. The con- 
stant presenre of mycodermatoid filaments grow-
ing upon the human teeth, the teeth of the ox, 
sheep, pig, etc., favored this ~dca ,  and accordingly 


