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we do not a l~~- i i~ -h  sl~cceedin licwpiizg thein 
c l ~ a ~of rnctapl.lysic~s, but at  1c;lst v e  have 
It3arrlecl to try. Wr 1)rrceive more a~itl  rrlore 
tleildy thwt scicncc tloes not deal n,ith nlti- 
mate ~ ) ~ o b l ~ r r ~ s  Tnor ivitli final solntion3. 
order to live scic~icr must movr. Shr a t  
tempts no morc than to win snccc5sivc 
points of valitaqr which may SCI-T(>,OIIP 

:tCter nothe her, as stepping htones lo filr.t?~cr 
progrrss. When thew have playccl their 
part  thry oftc>n Icft b e h i ~ ~ d  as tlle gtlli- 
era1 advancc procectls. 

In rcspcct to thc pi-aot ical applicatio~ls of 
sciellce n-c have almost ceased to n01le1e1- a t  
increclil~le protlligics of ac~liievement ; yet i11 
sonic d~rectious tlicy retain a. hold 011 our 
imagiilaiion that clajly familiarity can not; 
shaltc. Not in  our time, d least, will the 
tnaqnifiecnt conclllcsta of sanitaiy science 
and csperirnrntal mccliciue sink to the lcvel 
of the commonplace. Science here rcnders 
her most dirc.ct and personal sei-vice to 
humall welfare; and here in  IPSS direct ways 
she plays a part  in the advancc of our civil- 
ization that ~voi~lc'l have bpc~uinconceivable 
to our  fathem. T'oplllaw ~vri t t .~s  ilcligl~t to 
portray thc nixturnlist as a lii~lct of reani- 
niaied a~~tecliluvi:~ri, aimlesslywwritlerjnq 
in a rnodrr.11 ~vorltl wherc hr plays thc part 
of a liari~lless vi~ionitry ; but what master 
of romilllce ~voald have had the ingenuity 
to p i ~ t  into the hcad of his nlytllicill natu 
ralist ii dream that the construction of the 
Panama Canal IT-onld t a rn  upon our ac-
clnaintance with thc x~atural history oP the 
mosc~uito, or that thc hcalth and happinass 
of nations-]lag. thcir advance in science, 
lettcrs, itlid t he  arts--might del)end meas- 
urably 011 the ctlliivation of 01-11- intimacy 
~ ~ 4 t hthe family lives of house-flies, flras 
anit creatures of still more tlnbiour antc-
cedents ! 

I 

Ihourtcen years aqo to-night i t  was rny 

privilcgc to deliver an acldress bcfore the 


Atncricnii Soric\ty of Natnralists, ontitled 
"A i m  anrl hf(~thodsof Str~tiy in Natural 
IIistory,"' in wl~iclt I inclicitted certnin 
imr)orta:!t clianqcs tlla t wcrc3 then ~eapicll y 
giithcxt,ing he:~d\\ ity i l l  7oology. To-nioht 
I o~ict,more ask atlentiot~ to this 1i1)jert 8 7  

vic~vcd i r ~tlie i ' n l l~~r  liqlit of ihe rcw1nr.1~- 
ill)le pcr,iocl of procycss I h l * o l ~ ~ l ~  wllicli 1)iol- 
ogy has since bet.11 pits.iir~q I I\ ill not try 
to mryc o r t r  t h e  wl~olcv;i-t ficl:l of xool-
o2.v ow to r:lt;lloqnc its ipecific ilcl\af]ce~. 
I will only pcmxit iri~~solf:t few ratllcr 
drsirltcrr:)/ reflcct io~ls ir~g,~rrcstcil by ;I retro-
spect upon the prZogrew of l h ~  past 
twt~nty-five yeilr,i li' my view is r~ot  Snlly 
rountled, if i t  is color-ctl by a lony s i a ~ ~ d i ~ l g  
hitl)it of loolring a t  I>iological ~)hclnomcria 
thro~lgh the eyes of i l t l  rlnhvyologist, 1will 
inakc rio apology for what I an1 not able 
to il~oiti. I ~ c t  mt> remilzd yo11 also at Ilow 
1liai1y points the bo~~ritlaricx\l~ctwccn I h i ~  
and otlirrb k)mtichcs of biology have beconie 
ol)liter,ltcld. 'l'hc separation bc-trntl~tiol~al 
twrcn zoology :~nci hotitny, for  inst;i~tcc, 
lli~s lost a11 ~ i g l ~ i f i c i i r ~ ~ ~  for s t t~ l i  ,cilf,j('ct~ 
:IY genetics o r  cytology. Again, the ;i~*li- 
ficial honridt~ry of t rn  set np hetween zoology 
i ~ 1 1 ~ ianirnal j,h.vsiology hi15 wl~ollycl is, l i )-

l)c':lrrd, owing to thy c~stcasion of rxl)tivi-
nlental inethocts to morphology and of 
comparative methods to physio1og~-. I trirst 
tl~erefnre Ihirt olw l)~*c>threr~ in botany and 
physiology - l)c~rll:r~j.:I shoultl includc also 
those in psychology-will iiot take it aniiss 
if 1 ir~c.lutic thcrjl with ~LI; undcr thc good, 
olil-fash ior~et-l uiirne of rztrturcrlists. 

r 1 
I he snnr and substance of biological in-
c~niryi n a y  be crnbotlicd in two questions: 
What is the living organis~n, alld how ha.: 
it caornc l o  be? Wv often fitit1 i t  c~onrrenient 
to lay the emplinsis on one or the other of 
these qircr;;tions, but F~~rldarnelltally they 
arc inseparable. Tkic existing irnimal bears 
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the indelible impress of its past; the extinct 
anilnal can be comprehended only in the 
light of the present. For instance, the 
paleontologist is niost directly concerned 
with problems of the past, but at every 
step he is confronted by phenomena only 
to be comprehended through the study of 
organisms as they now are. Our main 
causal analysis of evolution must be car-
ried out by experimental studies on exist- 
ing forms. A11 this seems self-evident, yet 
the singular fact is that only in more 
recent years have students of evolution 
talcen its truth fully to heart. And here 
lies the key to the modern movement in 
zoology of which I propose to speali. 

I do not wish to dwell on matters of 
ancient history; but permit me a word con- 
cerning the conditions under which this 
movement first began to take definite shape 
as the nineteenth century drew to~varcls its 
close. I n  the first three decades after the 
"Origin of Species " studies upon existing 
animals were largely dominated by efforts 
to reconstruct their history in  the past. 
Alany of us will recall with what ardor 
naturalists of the time threw themselves 
into this profo~~ndly interesting task. 
Many of us aftertvarcls turned to work of 
~videly different type; but have our later 
interests, I wonder, bcen keener or more 
spontaneous than those awakened by the 
niorphological-historical problems, some of 
them already half forgotten, which we then 
so eagerly lried to follow? 1 am disposcd 
to doubt it. The enthusiasm of youth? 
No doubt, but something more, too. Efforts 
to solve those problems have in the past 
often failed ; they no longer occupy a place 
of dominating importance; but they will 
continue so long as bioloqy endures, because 
they are the offspring of an ineradicable 
historical instinct, and their achievement 
stands spcure in thc great body oF solid fact 

which they have built into the framework 
of our science. Says Poincare : 

The advance of science is not comparable to 
the climges of a citg, here old edifices are  piti- 
losslg torn down to give place to new, but to the 
continuous evolution of zoologic types which de-
\clop ceaselessly and end by becoming unrecog-
nizable to the common sight, but where an expert 
cge finds alrvays traces of the prior work of the 
centuries past. One must not think then tha t  the  
old-fashioned theories have been sterile and vain. 

And after all, science impresses us by 
something more than the cold light of her 
latcst facts and formulas. The drama of 
progress, whether displayed in the evolution 
of living things or in man's age-long strug- 
gle to comprehend the world of which he is 
a product, stirs the imagination by a 
warmer appeal. Without it we should miss 
something that we fain would keep-some- 
thing, one may suspect, that has played an 
iiliportant part at  the higher levels of sci- 
entific achievement. 

I seem to have been caught unawares in 
the act of moralizing. If so, let i t  char.. 
itably be set down as an attempt to softer1 
the hard fact that thirty years after thc 
"Origin of Species" we found ourselves 
growing discontented with the existing 
methods and resalts of phylogenetic inquiry 
and with current explanations of evolution 
ancl adaptation. Almost as if by a pre-
concerted plan, naturalists began to turn 
aside from historical problems in order to 
learn more of organisms as they now are. 
They began to ask themselves whether they 
had not been over-emphasizing the prob- 
lems of evolution at  the cost of those pre- 
sented by life-processes everywhere be-
fore our eyes to-day. They awoke to 
the insu%ciency of their traditional meth- 
ods of obseivation and comparison and they 
tnrnecl more and more to the method by 
-which all the great conquests of physico- 
chemical science had been achieved, that 
which undertakes the analysis of phenom- 
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ena by deliberate control of the conditions 
uncler which they take place-the nzethod 
of cxpevi?ncnt. Its steadily increasing im- 
portance is the most salient feature of the 
new zoology. 

Experimental worlr in zoology is as old 
as zoology itself; nevertheless, the main 
movement in this direction belongs to the 
past two decades. I will make no attempt 
to trace its development; but let me t ry  to 
suggest somewhat of its character and con- 
sequences by a few outlines of what took 
place in embryology. 

The development of the egg has always 
cast a peculiar spell on the scientific im- 
agination. As we follo~v it hour by hour in 
the living object we witness a spectacular 
exhibition that seerns to bring us very close 
to the secrets of animal Me. Tt awakens 
an  in-epressible desire to loolc below the 
surface of the phenomena, to penetrate the 
mystery of development. The singular fact 
nevertheless is that during the phylogenctie 
period of enibryological research this great 
problem, though always before our eyes, 
seenied almost to be forgotten in our pse- 
occupation with parely historical questions 
--such as the origin of vertebrates or of 
annelids, the homologies of germ-layers, 
gill-slit,", or nephriclia, and a hundred others 
of the same type. Korv, these questions are 
and always will remain of qreat interest; 
but embryology, as a t  last w e  came to see, 
is but indirectly connected with historical 
problems of this type. The embryologist 
seeks Lirst of all to attain to some under- 
standing of development. I t  was there-
fore a notable event when, in the later 
eighties, a small group of embryologisis 
headed by Wilhelm Ro-t~x turned away from 
the historical aspects of embryology and 
addressed themselves to experiments de-
signed solely to throw light upon the 
mechanism of development. The full 
significance of this step first came home to 

us in the early nineties with Driesch's 
memorable discovery that by a sinlple me- 
chanical operation we can a t  will cause one 
egg to produce two, or even more than two, 
perfcct embvos. 6 will not pause to inquire 
why this result should have seemed so 
revolutionary. It was as if the scales had 
fallen from our eyes. With almost a feel- 
ing 01shocli- wc took the measure of our 
ignorance and saw the whole problem of 
development reopeaed. 

The immediate and most iniportant re-
sult of this mas to stimlllate a great num- 
ber of important objective investigations 
in embryology. Bnt let me pause for a 
moment to point out that at  nearly the 
same timc a similar reawakening of inter- 
est in the experimental investigation of 
problems of the present became evident in 
many other directions-for example, in 
studies on growth and regeneration; on 
cytology and protozoology; on economic 
biology; on ecoloqy, the behavior of ani 
mals and their relrctions to stimuli; on he- 
redit y, variation ancl sclcction. The leaven 
was indeed at  morlc in almost every ficld of 
zoology, and everywhere led to like results. 
I t  was a day of rapid obliteration of con-
vei~tiol~alboundary lines; of revolt fl-om 
spec~zlative systerns tow;trds the concrete 
and empirical methods of tlre laboratory; 
of general and far-reaching extension of 
experiinental nlethocls in our science. 

Bnt I will return to eml~ryology. Tt 
may be doubted whether any period in the 
long history of this science has been more 
productive of varied and important dis-
coveries than that which followed upon its 
adoption of experilnenlal methocls. In  one 
direction the embryologist went forward 
to investigations that brought hiln into inti- 
mate reliltions with the physicist, the chem- 
ist, the pathologist and cven the surgeon, 
A flood of I i ~ h t  was tlirown on the phenom- 
ena of developrnent by t,tuclies on differen- 



tiation, regeneration, transplantation and 
grafting; on the development of isolated 
blastomeres and of egg-fragments; on the 
symmetry and polarity of the egg; on the 
relations of development to mechanical, 
physical and chemical conditions in the en- 
vironment; on isolatecl living cells and 
tissues, cultivated like microorganisms, 
outside the body in viir.0; on fertilization, 
artificial parthenogenesis and thc chemical 
physiology of development. I11 respect to 
the ex-tension of our real knowledge these 
advances constitute an epoch-nialring gain 
to biological science. And yet these same 
researches afford a most interesting demon- 
strati011 of how the remoter problems of 
science, like distant mountain-peaks, seem 
to recede before us even ~ h i l e  our actual 
Imowledge is rapidly advancing. Thirty 
years after Roux's pioneer researches we 
find ourselves constrained to admit that in 
spite of all that we have learned of devel- 
opment the egg has not yet yielded up 
its inmost secrets. I have referred to the 
admirable discovery of Driesch concerning 
the artificial production of twins. That 
brilliant leader of embryological research 
had in earlier years sought for an under- 
standing of development along the lines of 
the mechanistic or physieo-chemical analy- 
sis, assuming the egg to be essentially a 
physico-chemical machine. EIe now ad-
mitted his failure and, becoming a t  last 
convinced that the qucst had from the 
first been hopeless, threw all his energies 
into an attempt to resuscitate the half ex-
tinct doctrines of vitalism and to found a 
new philosophy of the organism. Thus the 
embryologist, starting from a simple lab- 
oratory experiment, strayed further and 
further from his native lancl until he found 
himself a t  last quite outside the pale of 
science. He did not always return. In-
stead he sometimes made himself a new 
home-upon occasion even established him- 

self in the honored occupancy of a univer- 
sity chair of philosophy ! 

The theme that js here suggested tempts 
me to a digression, because of the clew 
light in which it displays the attitude of 
modern biology towards the study of liv- 
ing things. I t  is inlpossible not to admire 
the keenness of analysis, and often tlie 
artistic refinement of skill (which so capti- 
vates us, for instance, in the work of M. 
Bergson) with which the neo-vitalistic, 
writers have set forth their views. For my 
part, I am ready to go further, admitting 
freely that the position of these writers 
may at  bottom be well grounded. At any 
rate it is well for 11s now and then to be 
rudely shaken out of the ruts of our ae-
customed modes of thought by a challenge 
that forces upon us the question whether 
we really expect our scalpels and micro- 
scopes, our salt-solutions, formulas and 
tables of statistics, to tell the whole story 
of living things. I t  i9, of course, lmpos- 
sible for a s  to assert that they will. And 
yet the more we ponder the question the 
stronger grows our conviction that the 
"enteleehies " and such-like agencies corn-
jured forth by modern vitalism are as ster- 
ile for science as the final causes of an 
earlier philosophy; so that Bacon might 
have said of the former, as he did of the 
latter, that they are like the Vestal virgins 
-dedicated to Qocl, and barren. We must 
not deal too severely with the naturalist 
who now and then permits himself an hour 
of dalliance with them. An uneasy con-
science will sooner or later drive him back 
into his own straight and narrow way with 
the insistent query: The specific vital 
agents, sui generis, that are postulated by 
the vitalist-are they sober realities? Can 
the existence of an "Blan vital, " of "ente- 
lechies," of "psyehoids" be experimen-
tally verified? Even if beyond the reach 
of verification may they still be of praa-
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tical use in our jnvestigations or1 livjriq 
thiags, or find their justification on larger 
grounds 6f scientific expediency. laow-
ever philosophy rnay answer, science can 
find but one reply. l'hc scimttific mei7tod 
is !lie n~ccha?tislic trzctliod. The nlon~erit 
me s re rve  frcnz it by a singlc step we sct 
foot in a foreign land where a dimerent 
idionl from 011~sis spoken. Wc have, it is 
trne. no proof w h a t ~ v e r  of its final validity. 
TVc do not adopt the mechanistic v i e r  of 
organic natiuae as a dogma but only as a 
practical program of work, neither lnor*e 
nor less. We Itnow Pull well that onr pres- 
ent mechanistic conceptions of animals and 
plants have not yet made any approach to 
a coniplel e solution of the problems of life, 
whell~er past or present. Thiq shotrld en- 
courage us to fresh efforts, for just in the 
present inadequacy 01these conceptions lies 
the assirrancc ol' our. future progpess. Eut 
the way of unverifiable (and iryeEutable) 
imaginative constructions is not our way. 
mTe must hold fast to the neth hod by which 
all the qi-cal advances in our linowledge o f  
nature have been achieved. We shall make 
lasting progress only by ploillding along 
tile old, hard beaten trail hlazcd by oilr 
scait~ntific fath~rs-the way of observation, 
c,)mpzrrison, experiment, analysis, syn-
the,&, prediction, verification. IF this 
seems a prosaic program we may learn 
otllertvise from grrxl discoverers in every 
ficlcl of science who have demonstrated how 
free is the play that i t  gives to the eon-
strixctive imagination and even to the fac- 
ulty of artistic creation. 

I1 

Thus fa r  T have desired to emphasize 
esl3ecially the reau akenirrg of 011 r A  interes1 
in  problems of the present, and the grow- 
ing importance of experimental methocls in 
our science. It is intcrcsting to observe 
liom thew changes have agected our atti-

tude towards the historical problem as dis- 
played in the rnodern strldy of genetics. 
Even here we are sirirck by the same shift- 
ing of the center of gravity that has becn 
remarked in other fields of inquiry. In 
the Dar~vinian crn stirdic~s on vnrifi tioil nnil 
heredity seemed significant mainly as a 
rncans of approach to the problems of evo-
lution. 'l'he post-Dal*winians awolre once 
more to the ~)rofor~ncl interest that lies in 
the genetic cornp~sition and capacities of 
l ~ v i n g  things as tllcy now are. Thc!~ 
turned aside from goueral theories of evo-
lirtion and thcir detllictive application to 
specisl problrms of dcicent in orcler to take 
up objective expcrimcnts on variation and 
hcrcltlity for tlicir own sake. 7'21ir liTils ~ i o t  
dne to any dorllots coiicerning the reality of 
evolution o13 to any laclc of interest in its 
problclna. It mas n policy of masterly in-
activity deliberately adoptecl; for f t ~ r t h c r  
discussior~ concerning the canses of evolu- 
t;on had c l~ar l j -  bccome ratile nntil a morsc 
:rdcqi~nte and critical vie~v of existing gc-
rtetic phenomena had bcrn gained. Tnvrsti-
gators in qenetics here follo~l-ed precisely 
the sarnc imp~ilse that had actlrated the cm- 
/)rj~olofii'its;and t h ~ y ,  too, reaped a rich 
harvcst of new discoveries. Foremost 
among them st:rnds the re-discovery of 
Alenilel's long- Forgottcn law of heredity-- 
a biological acl.lievrmcnt of the first ranlr 
~vliich in the year 1900 suddenly illl-imi-
nnted thc~ ol~sc~ilrity in ~vhicli students of 
heredity had been groping. Another tow- 
ering landmarl< of progress is De Vrics's 
great worlr on Ihe mutation theory, pub-
liskcd a 3-eill- latrr, nhicll ~narlteilalmost 
as grcal, a trailsformation in onr views of 
variation ancl displayed the whole evolu- 
tion problem in a new light. In the era 
that followed, tlie study of heredity qiliclily 
bccarkie not only an experimental but a]- 
lnoht an  exact science, fairly comparable 
lo cllcmislr~in its syc:tematic employment 



of qualitative and quantitative .analysis, 
synthesis, prediction and verification. 
More and more clearly it became evident 
that the phenomena of heredity are mani- 
festations of definite mechanism in the liv- 
ing body. Jlicroscopical studies on the 
germ-cells made known an important part 
of this mechanism and provided us with 
a simple mechanical explanation of Men-
del's law. And suddenly in the midst of 
all this, by a k:~leidoseopic turn, the 
fundamental problem of organic evolution 
crystallizes before our eyes into a new 
form that seems to turn all our previous 
conceptior~s topsy-turvy. 

I will comment briefly on this latest view 
of evolution, partly because of its inherent 
interest, but also because it again exem-
plifies, as in the case of embiyology, tha,t 
temptation to mander off into metaphysics 
(sit vcnia vcrbo!) which seems so often to 
be engendered by new and telling discov-
eries in .science. The fundamental qnes-
tion which i t  raises shows au iliteresting 
analogy to that encountered in the study of 
embryology, and may conveniently be ap- 
proached from this side. 

To judge by its external aspects, individ- 
ual development, like evolution, would 
seem to proceed from the simple to tEir 
complex; hut is this true when we consider 
its inner or essential nature? The egg 
ccppears lo the eye far  simpler than the 

as the hen, and is development merely the 
transformation of one kind of complexily 
into another? Such is the nlti&ate ques- 
tion of ontogeny, which in one form or 
another has been debated by embryologists 
for more than two centuries. We still can 
not answer it. If we attempt to do so, 
each replies according to the dictates of his 
individual temperament-that is to say, he 
resorts to some kind of symbolism; and he 
still remains free to choose that part,icular 
form which he finds most convenient, pro- 
vided it docs not stand in the way of prac- 
tical efforts to advance our real knowledge 
through observation and experiment. 
Those who must have everything reduced 
to hard and fast form~~las  will no doubt 
find this rather disconcerting; but worse is 
to follow. Genetic research now confronts 
us with esserltially the same question as 
applied to the evolutionary germ. The 
puzzle of the microcosm has become that of 
the macrocosm. TVere the primitive forms 
of life really sinipler than their apparently 
rimre complex descendants? ITas organic 
evolution been from the simple to the com- 
plex, or only from one kind of complexity 
to another? May it even have been from 
the complex to  the simple by successive 
losses of inliibiting factors which, as they 
disappear, set free qualities previously 
held in checli? The last of these is tlie 
startling q~lnstion that the president of the 

adult ; yct genetic experiment seems COIL-British Association propounds in his ue-
tinually lo accumulate evidence that for cent brilliant address at Melbourne, asking 
each independent hereditary trait of the 11s seriously to open our milids to the in- 
adult thc egg contains a correspondinq quiry: "Wliethcr evolution can at  all rea- 
sonzetl~iiay(we know not what) that grows, sonably be represented as an ~mpacliing of 
divides and is transmitted by cell-division an original complex which containclci 
without loss of its specific (3haracter and in- within itself the whole ranee of complexity 
dependently of other somethings of like which living thinqs exhibit ? " T h i s  con-
order. 'L'hus arises what I will call the ception, manifestly, is nearly akin to tile 
puzzle of the microcosm. Is the appear- theory of panqenesis and individual devt.1- 
ance of simplicity in the egg illusory? Is opment, as elaborated especially by PIC 
t h ~hen's egg fundamentally as compl~x Tries ancl by Weismaim. I t  inevitably re- 
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oallu also, if less directly, Bonnet's vision 
of  "palingenesis," which dates from the 
eighteenth century. 

We should be :<rateful to those who help 
na to open our minds; and Profesbor 
Ihteson, as is hi., wont,, pcrforiuts this 
difficult cperation in  so large ant1 masterly 
a fashion as to eornnin~ld our lively acl- 
~njration. I t  rtiust be s:rid of his pie-
turesqne and vigorous discussion that we 
are Iicpt guessi~lg how ftir mTe are expected 
to take it serioilsly, or a t  least literally. We 
?lave always a I n r l i i n ~  suspicion that pos- 
sibly his main purpose may after all be to 
remind us, by an object lcsson, how f a r  we 
still are from comprcheliding the nnt i~re  
and causes of evolution, ant3 this suspicion 
is strengthened by the explicit statement 
in  a su1)seqnent address, delivered a t  Ryd-
ney, that our Irr~owledge of the nature of 
life is "altogcthcr too slencler to warrant 
speculation on thcsc fundamental ques-
tions. " Let us, liowever, assume that we 
are serionsly aslcecl to go further and to 
enter the cul c7e sac that  Professor Bateson 
so invitingly places in  our way. Once 
within it, evidently, we are stalemated in 
respect to the origin and early history of 
life; but as to that, one form of total igno- 
rance is perhaps as goocl as another, and we 
can still work out 21ow the game has been 
played, even though Itre can never find out 
how the pieces were set up. I3nt has the day 
so soon arrived ~vliea tve m~rst  resign our- 
selves to such an  ending? Are we prepared 
to stake so much upon the correctness of a 
single hypothesis of allelo~norphism and 
dominance? This hypothesis-that of 
L I presence and absence "-has ~inclolxhtedly 
been a potent instrmnent of investigation ; 
but there are sorne coiilpctent students of 
genetics who seeill to find i t  equally simple 
to formulate and a~ialyze tlia phenomena 
by the use of a quite cliffcrent hypothesis, 
and one that involves no such paradoxical 
eonseqnences in  respect to the nature of 

evolution. Arc we not then invited to 
strain at  a gnat and to swallo~r a camel? 

But  J pass over the technical basis of the 
conception in order to look more broadly 
at  its theoretic snperstrmcture. I s  not 
bliis, once again, EL lrirrd of symbolisni 
by w1iii.h the encl~;tvor is made to deal with 
a pro7)lem that is for the present oul, of our 
reach? Neither yo11 nor T, T dare say, will 
hesitate to maintain that  the p r i r~ io~dia l  
Arnc~ba( i l  we nrny so dub the earliest of 
our ancestors) embodied in some sense or 
other all the potentialities, for better or for  
worst, that are realized before us a t  this 
r l~ome~ltin tlie Alncrican Association for  
the Atlvancern~nt of Science. 13111 if we 
asli ourselves exactly what we mean by this 
we discover our total inability to answer in 
more iritelligiblc terms. We can not, i t  is 
true, wen  iC we worrld, conquer the temp- 
tation now ancl then to spread the wings of 
our  imagii~ation in the thin atmosphere of 
thcse uppcr uegjons; ancl this is no do~xtrt 
an excellerlt torlie for the cercbmm pro- 
vided mc thcridi n o  illusions as to what we 
2re about. No embryologist, for example, 
curl help puzzling ovcr what 1have called 
the problcrn of the mic~rocos~n;but he 
sl~ould be pcrleclly well aware that in 
striving t o  picture to his imagination the 
organization 01the egg, of the cmbryolog- 
ical germ, that is actually in his hands for 
observation and cxpc~1.irnent, he is pcril-
ously near to the habitat or" tlie mystic and 
the tr:tnscendentalist. The student of evo- 
lution is f a r  over the frontier of that for- 
llidden land, in  any pecscant ~ ~ t t a c k  upon 
tire corresponding prol>lem of the nrac-
rocosm; for  thc primordial Amceba, tlie 
evolutionary germ, is inronceivably fa r  out  
of our reach, hidden behind the veil of a 
past, whose beginnings lie holly beyond 
our ken. And wliy, after all, sllolllil we 
as yet attempt the exploration of a rrcgion 
t~hicI1 still rcnlains so bsr*ren and rcmotc! 
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Surely not for the lack of accessible fields 
of genetic research that are fertile and 
varied enough to reward our best efforts, 
as no one has more forcibly urged or more 
brilliantly demonstrated by his own ex-
ample than Professor Bateson himself. 

Perhaps it would be the part of discre- 
tion to go no further. Btlt the remarkable 
questions that Professor Bateson has raised 
concerning the nature oP evolution leave 
almost untouched the eclually momentous 
problem as to what has guided its actual 
course. In  approaching my close I shall be 
bold enough to venture a step in this direc- 
tion, even one that will bring us upon the 
hazardous ground of organic adaptations 
and the theory of natural selection. I need 
not say that this subject is beset by intri- 
cate and baffling difficulties which have 
made i t  a veritable bone of contention 
among naturalists in recent years. In our 
attempts to meet them we have gone to 
some curious extremes. On the one hand, 
some naturalists have in effect ahandoned 
the problt:m, cutting the Gordian knot with 
the conclusion that the power of adapta-
tion is something given with organiza-
tion itself and as such offers a riddle that 
is $or thc present insoluble. In  another 
direction we find attempts to take the prob- 
lem in flank-to restate it, to ignore it- 
sometimes, it would almost seem to argue 
i t  out of existence. I t  has been urged in a 
recent valuable work-by an author, I 
hasten to say, who fully accepts both the 
mechanistic pliilosophy and the principle 
of selection-that fitness is a reciprocal re- 
lation, involving the environment no less 
than the organism. This is both a true and 
a suggestive thought; but does it not leave 
the naturalist floundering amid the same 
old quiclrsands? The historical problem 
with which he has to deal must be grappled 
at  closer quarters. He is everywhere con- 
fronted with specific devices in the organ- 

ism that must have arisen long after the 
conditions of environment to which they are 
adjusted. Animals that live in water are 
provided with gills. Were this all we could 
probably muddle along with the notion that 
gills are no more than lucky accidents. 
But we encounter a sticking point in the 
fact that gills are so often accompanied by 
a variety of ingenious devices, such as res- 
ervoirs, tubes, valves, pumps, strainers, 
scrubbing brushes and the like, that are ob- 
viously tributary to the main function of 
breathing. Given ~vater, asks the natural- 
ist, how has all this come into existence 
and been perfected? The question is an 
inevitable prodnct of our common sense. 
The metaphysician, I think, is not he who 
asks but he who would suppress it. 

For all that i t  would seem that some per- 
sons find the very word adaptation of too 
questionable a reputation for mention in 
polite scientific society. Allow me to illus- 
trate by a leaf taken from my om7n notebook. 
I once ventured to publish a small experi- 
mental work on the movements of the fresh- 
water Rydra with respect to light. What 
m7as my surprise to receive a reproof from 
a friendly critic, because I had not been 
content with an objective description of the 
movements but had also been so indiscreet 
as to emphasize their evident utility to the 
animal. I was no doubt too young then- 
I fear I am too old norv-to comprehend 
in what respect I had sinned against the 
light. That was long ago. I will cite a 
more recent example from a public dis- 
cussion on adaptation that took place be- 
fore the American Society of Naturalists a 
year or t~7o since. "The dominance of the 
concept of adaptation," said one nat,u-
ralist, "which now distinguishes our sci-
ence from the non-biological ones, is related 
to the comparatively youthful stage of 
development so far  attained by biology, 
and not to any observed character in the 
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living objects u:iZlz zuhic?~,we deal." ITcre 
we almost seem to catch an echo faom the 
utterances of a certain sect of self-styled 
"scientists" who love to please themselves 
with the quaint Iancy that physical dis-
ease is bnt  one of the "errors of mortal 
mind. " 

Now, i t  is undoubtedly true that many 
adaptations, to cite Professor Bateson once 
more, are "not in practise a verg7 close 
fit." Eve11 tlie eye, as TIclmholtz long ago 
taught us, has some defects as an optical 
instrunlent; nevertheless, it erlablcs us to 
see -well enough to discern some food for  
reflection co~icerning atlaptations among 
living things. And i t  is my impression that 
efforts to explain aclaptations are  Iikccly to 
continue for  the reason that naturalists as 
a body, perhaps influenced by TPusley's 
definition of sciel~ce, have an obstinate habit 
of clinging to their common sense. 

At thc present day there is no longer the 
smallest do l~b t  of the great outstanding fact 
that many complex struct~nral adaptations 
-it n-o~xld probably be correct to say all 
such-have not come inlo existence a t  a 
single strolre but have moved -forward step 
by step to the atlainmciit of their full de- 
gree of pexfcction. What has dominated 
the clireclion and final outcome of such acl- 
vancinq liriei! \TTe can not yet answer 
this q ~ ~ e s t i o n  with any degree of assurance; 
ba t  procrastinate as nre may i t  must in the 
end sn,u::1.elg7 be faccd. We have seen onc 
theory after anolhcr forced back within 
narrower lines or crumbling away before 
the adverse fire oP criticism. I will not 
pauqe to recount the heavy losses that mu9t 

of its efficacy. Stated as an irreducible 
minimum tlie survival of the fit is an evi-
dent fact. Indiviclr~als t1i:lt ar.r irnfit l ecl to 
live, or to reproclucc, lcave few or  rio de- 
scendnnts-so much, a t  least. must be ad- 
n~ittetl  by all. 12ut doc.: this ~olorless and 
trite concli~sion cnd tlie rnatter or ade-
clirately pl:rce before us the significance of 
the facts? Jus t  hc~.c lies the uliole issue. 
Does destruction of the anfit accomplish no 
other result than to ~naintain the slattcs quo, 
or has it conditioned the direction of prog- 
ress? Acvepting the second of Ihrse a1tc.r- 
natives, Darwin vent so f a r  as to assign to 
i t  a leading ~ c i l oamong the concli1,ions to 
~vhiclithe  livinq world owes its e s i s t i ~ ~ n  
configuration. Since his time thtl aspect of 
the probl(~m has wiciely changed. TVc must 
~.ule  out the question of the origin of neu- 
tral  or nscless traits. We must not con-
fuse the evolution of ailaptations with the 
origin of species. We must bear in mind 
the fact that Darwin often failed to dis- 
linguish l~ctwecn non-heritable f iuct~~at ions  
and hereditary miltations of small degrce. 
\Ve are now aware that  many apparently 
new variations may he 110 more than reeom- 
bination-prod~~cts preexisting elements.of 
We should, no doubt, make a largcr allow- 
ance for  the 16lc of single "luclcy acci-
clenlx" in  evolution tlti~n did Inany of the 
earlier evolutjonists. Ancl yet, as f a r  as 
the essence ol' the principle is conccrncd 1 
a m  bound to niakc conlession of my doubts 
whether any existing ctiscussion of this 
problem affords more rood for  rcflcctjon, 
even to-clay, th:m that containec! in  tlie 
sixlh and seventh cliaptcrs of the "Origin 

be placpd to the a c ~ o u n t  of sexual selcetio~~, of Species" aiid elser~lrere in the ~vorlis of 
of nco-lamarclrism, of orthogcnesis. Some 
naturalists, no doinbt, would assiqn a promi- 
nent place in this list of casnaltics to 
natural selection: but probably thcve are 
none ~vl-lo would holcl that it has been de- 
stroyrd utterly. The c1.u~ lies in the degree 

Darwin. 
Undeniably there is a large measure of 

truth in  Ihe contention that  natural selec- 
tion still belongs rather to the pkiilosophy 
than to tlie science of biology. Tn spite 
o l  many importanl experimental and 
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critical studies on the subject Darwin's 
conception still remains to-day in the main 
what i t  was in his own time, a theory, a 
logical Construction, based it is true on a 
multitude of facts, yet still awaiting ade- 
quate experimental test. Simple though 
the principle is, its actual effect in nature 
is determined by conditions that are too 
intricate and operate through periods too 
great to be duplicated in the experimental 
laboratory. Hence i t  is that even after 
more than fifty years of Darwinism the 
time has not yet come for a true estimate of 
Darwin's proposed solution of the great 
problem. 

But there is still another word to be 
said. Too often in the past the facile form- 
ulas of natural selection have been made use 
of to carry us lightly over the surface of 
unsuspected depths that would richly have 
repaid serious exploration. In  a healthy 
reaction f'rom this purblind coume we have 
made i t  the niode to minimize Darwin's 
theory; and no doubt a great service has 
been rendered to our study of this problem 
by the critical and sceptical spirit of mod- 
ern experimental science. But there is a 
homely German saying that impresses upon 
us the need of caution as we empty out the 
bath lest we pour out the child too. This 
suggests that we should take heed how mr 
underestimate the one really simple and 
intelligible explanation of organic adapta- 
tions, inadequate though i t  now may seem, 
that has thus far  been placed in our hands. 
And in some mincls-if I include my own 
among them let it be set down to that 
indiscretion at  which I have hinted-the 
in~pression grows that our preoccupation 
with the problem as i t  appears at  short 
focus may in some measure have dimmed 
our vision 01larger outlines that must be 
viewed at  longer range; that we may have 
emphasized minor difficulties at  the cost 
of a larger truth. To such minds i t  will 
sccni that the principle of natural sclection, 

while it may not provide a master keg to all 
the riddles of evolution, still looms up ah 
one of the great contributions of modern 
science to our understanding of nature. 

I have taken but a passing glance at a 
vast and many-sided subject. I have tried 
to suggest that the tide of speculation in 
our science has fa r  receded; that exlwri- 
mental methods have taken their riqhtl'ul 
place of importance; that we have attained 
to a truer perspective of past and prcsent 
in our study of the problems of animal life. 
The destructive phase through which we 
have passed has thoroughly cleared the 
ground for the new constructive era on 
which we now have entered. All the sigi~s 
of the times indicate that this era will long 
endure. Ancl this is of good augury for a 
future of productive effort, guided by the 
methods of physico-chemical science, im- 
patient of merely a pl-iori constructions, of 
academic discussions, of hypotheses that 
can not be brought to the test of experi- 
mental verification. The work ahead will 
make exacting technical demands upon 11s. 

The pioneer days of zoolo,g are past. l'he 
naturalist of the future must be thoroughly 
trained in the methods and results of chem- 
istry and physics. He must prepare hiurr-
self for a life of intensive research, of high 
specialization; but in the future even more 
than in the past he will wander in vain 
amid the dry sands of special detail if the 
larger problems and general aims of his 
science be not held steadfastly in view. For 
these are the outstanding beacon li=llt.: of 
progress ; and while science viewed at closcl 
range seems always to grow more complex, 
a wider vision shows that her signal dis- 
rovcries are often singularly simple. TI-iis 
perhaps may help us to keep alive the spil~it 
of the pioneers who led the advances of a 
simpler age; and it is f~l11 of hope for the 
future. 
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