
vented by Edward Wright about the year 1600. Each 
of these, as a particular case of the orthomorphic pro- 
jection, belongs to the theory of the geometrical rep- 
resentation of an imaginary variable. I have spoken 
also of perspective, and (in an  omitted paragraph) of 
the representation of solid figures employed in 
Monge's descriptive geometry. Monge, it is. well 
lrnown, is the author of the geometrical theory of the 
curvature of surfaces, and of curves of curvature. H e  
was led to this theory by a problem of earthwork, -
from a given area, covered with earth of uniform 
thicltness, to carry the earth and distribute it over an 
equal given area with the least amount of cartage. 
For the solution of the corresponding problem in 
solid geolnetry, he had to consider the intersecting 
normals of a surface, and so arrived at the curves of 
curvature (see his 'M6moire sur les deblais et les 
remblais,' 11ftrn. cle l'acucl., 1781). The normals of a 
surface are, again, a particular case of a doubly infi- 
nite system of lines, and are so connected with the 
moder~i theories of congruences and complexes. 

The undulatory theory of light led to Fresnel's 
157ar.e-surface, -a surface of the fourth order, by far 
the most interesting one which had then presented it- 
self. A qeo[net~icalproperty of this surface, that of 
having tangent planes, each touching it along a plane 
curve (in fact, a circle), gave to Sir W. R. Hamilton 
the theory of conical refraction. Tlie wave-surface 
is liow regarded in geometry as a particular case of 
Ku~nmer ' squartic surface, with sixteen conical points 
and sixteen singular tangent planes. 

My imperfect acquaintance, as well with the mathe- 
matics as the physics, prevents me from spealring of 
the benefits which the theory of partial differential 
equations has received from the hydrodynamical the- 
ory of vortex motion, and from the great physical 
theories of electricity, magnetism, and energy. 

I t  is difficult to give an idea of the vast extent of 
modern mathematics. This word ' extent ' is not the 
right one: I mean extent crowded with beautiful de- 
tail, -not an  extent of mere uniformity, such as an  
objectless plain, but of a tract of beautiful country 
seen at first in the distance, but which will bear to 
be rambled through, and studied in every detail of 
hillside and valley, stream, rock, wood, and flower. 
But as for any thing else, so for a mathematical the- 
ory, -beauty can be perceived, but not explained. 
As for mere extent, I might illustrate this by speak- 
ing of the dates at  which some of the great ex-
tensions have been made in several branches of 
mathematical science. 

And, in fact, in the address as written, I speak at  
considerable length of the extensions in geometry 
since the time of Descartes, and in other specified 
subjects since tlie commencement of the century. 
These subjects are the general theory of the fanction 
of an  imaginary variable; the leading Bnown futic- 
tions, viz., the elliptic and single theta-functions arid 
the Abelian and illultiple theta-functions; the theory 
of equations and the theory of numbers. I refer also 
to some theories oatside of ordinary mathematics, -
the multiple algebra, or linear associative algebra, of 
the late Benjamin Peirce; the theory of Argand, War- 

[VOL.II., NO. 36. 

ren, and Peacock, in regard to imaginaries in plane 
geometry; Sir W. R. I-Iamilton's quaternions; Clif- 
ford's biquaternions; the theories developed in Grass- 
niann's 'Ausdelinungslelire,' with recent extensions 
thereof to non-Euclidian space by Xr.  Homersham 
Cox; also Boole7s 'Mathematical logic,' and a work 
connected with logic, but primarily n~athematical and 
of the highest importance, Shubert's ' Abzahlendr 
geometrie' (1878). I remarlr tliat all this in regard to 
theories outside of ordinary mathematics is still on 
the text of the vast extent of modern ~natliematics. 

I n  conclusion, I would say that  matheniatics have 
steadily advanced from the time of the Greek geome- 
ters. Nothing is lost or wasted. The achievements 
of Euclid, Archimedes, and Apollonius, are as admir- 
able now as they were in their onrn days. Descartes' 
method of co-ordinates is a possession forever. But 
matl~ernatics has never been cultivated more zealons- 
ly and diligently, or with greater success, than in 
this century, -in the last half of it, or at  the present 
time. The advances made hare been enormous. Tlie 
actual field is boundless, the future full of hope. I n  
regard togure  mathematics we may most confidently 
say, -
' I  Yet 1 doubt not through the agtm one increasing purpose rons, 

-\11d the t lrought~ of Inen are widened with tile process of the 
8~116." 

THE ENDOWMBNT OP BIOLOGICAL 
RBSEA RCH.l 

IThas become the custom for the presidents of the 
various sections of this association to open the pro- 
ceedings of the departments with the cliaiimanship 
of which they are charged by formal addresses. I n  
reflecting on the topics which it might be desirable 
for me to bring under your notice, as your president, 
on the present occasion, it has occurred to me tha t  I 
might use this opportunity most fitly by departing 
somewhat from tlie prevailinq custom of reviewing 
the progress of science in seine special direction dur- 
ing the past year, and tliat, instead of placing before 
you a, summary of the results recently obtained by 
the investigatiolis of biologists in this or that line of 
inquiry, I might aslr your attention, and that of the 
external public (w11o are wont to give some lrindly 
consideration to the opinions expressed on these oc- 
casions) to a matter which is even more directly con- 
nected with the avowed object of our association; 
namely, ( t h e  advancement of science.' I propose to 
place before you a few observations upon the pro- 
visio~i which exists in this country for the advance- 
ment of that  branch of science to which section D 
is dedicated; namely, biology. 

I am aware that i t  is usual for those who spealr of 
men of science arid their put suits to ignore altogether 
buch sordid topics as the one which I have chosen to 
briug forward. A certain pride, on the one hand, and 
a willing acquiescence, on the other hand, usually 
prevent those who are professionally co~lcerned with 

1 An adilrcss to the biological section of the British assooia- 
tion. By Prof. E. Ray Lankester, M.A., R.R.S., R.L.S., presi-
dent of the section. From advance copy kindly furnished by 
the editor of Nntzlre. 
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scientific pursuits fronl exposing to the public the 
pecuniary destitution, and the consequent c~ippling 
and languor, of scientific research in this country. 
Those Englishmen ~ > h o  take an  interest in the prog- 
less of science are apt to suppose, that, in sonie way 
which they have never clearly understood, tlie pur- 
suit of scientific truth is not only its own reward, but 
also a snflicient source of food, drink, and clothing. 
Whilst they are interested and amused by the re- 
markable discoveries of scientific men, they are 
astonished whenever a proposal is mentioned to 
assign salaries to a few such persons, sufficient to 
enable thein to live decently nhilst devoting their 
time and strength to investigation. The public are 
becoining more and more anxious to have the opinion 
or report of scientific men upon matters of commer-
cial importance, or in relation to the public health; 
and yet, in ninty-nine cases out of a hundred, they 
expect to have tliat opinion for the asking, although 
accustomed lo pay other professional men handson~ely 
for similar service. There is, it appears, in the pub- 
lic mind, a ragne belief that lneii mho occupy their 
time with the endeavor to add to linowledge in this 
or tliat branch of science are nlysteriously snpported 
by tlie state exchequer, and are thus fair game for 
attacking with all sorts of de~nands for gratuitous 
service; or, on the other hand, the notion at  work 
appears soinetimes to be, that the rnaliiiig of new 
linowledge - in fact, scientific discovery- is an 
agreeable pastime, in which some ingenious gentle- 
men, vhose business in other directions talres up 
their best hours, find relaxation after dinner or on 
the spare hours of Sunday. Such mistaken views 
ought to be dispelled with all possible celerity arid 
determination. I t  is in part owing to the fact that  
the real state of the case is not widely and persist- 
eiitly made known to the public, that  no attempt is 
made in this country to raise scientific research, and 
especially biological research, from the condition of 
destitntion and neglect under whicli i t  suffers, -a 
condition whicli is far  below that of these same inter- 
ests in France and Germany, and even in Holland, 
Belgium, Italy, and Russia, and is discreditable to 
England in proportion as she is richer than other 
states. 

I t  appears to me, that, in placing this matter before 
yon, I may reniove myself from any suggestion of 
self-interest by at  once stating that  the great defect 
to which I shall draw your attention is, not that  the 
few existing puhlic positions which are open in this 
country to men who intend to devote their chief en-
ergies to biological research are endowed with insuffi- 
cient salaries, but that there is not any thing like a 
et~f icient ly  lurge number of those, posts, and that there 
is in that respect, from a national poirit of view, a 
pecuniary starvation of biology, a withholding of 
money, which (to use another n~etaplior) is no less 
the sinews of the war of science against ignorance 
than of other less glorionr campaigns. Surely, men 
engaged in the scientific profession may advocate the 
claim of science to maintenance and needful pecun- 
iary provision. I t  seems to me that me should, if 
necessary, swallow, rather than be controlled by, that 

pride ~vliich tempts us to paint the scientific career as 
one far above and independent of pecuniary consid- 
erations; whereas all the while we know that knowl- 
edge is languishing, that  able men are drawn off from 
scientific research into other careers, that important 
discoveries are approached and their final grasp relin- 
quished, that greatmen depart, and leave no disciples 
or successors, simply for want of that which is largely 
given in other countries, -of that which is most 
abundant in this country, and is so lavishly expended 
on armies and navies, on the develop~nent of cornmer- 
cia1 resources, on a hundred illjurious or ineaningless 
charities, -viz., money. 

I have no doubt that I have the sympathy of all 
my hearers i n  wishing for more extensive plovision 
in this country for tlie prosecution of scientific re- 
search, and especially of biological reiearch. I need 
hardly remind this audience of the almost i om antic 
history of some of the great discoveries which have 
been made in reference to the nature and history of 
living things during the past century. The micro- 
scope, which was a drawing-room toy a hundred years 
ago, has, in the hands of devoted arid gifted students 
of nature, been the lneans of giving us knowledge 
which, on the one hand, has saved thousands of 
s~ugical  patients fiom t e ~ ~ i b l e  pain and death, arid, 
on the other hand, has laid the foundation of that  
new philosophy with which the name of D ~ r w i n  will 
forever be associated. When Ehrenberg, and, later, 
Dujaidin, described and figured the various forms 
of Monas, Vib~io ,  Spirillt~m, and Bacterium, wliich 
their microscopes revealed to them, no one could 
predict that fifty years later these organisms wot~lcl 
be recognized as the cause of that  dangerous suppu- 
ration of wounds which so often defeated tlie benefi- 
cent efforts of the surgeon, and made an operation 
in a hospital-nard as dangerous to  the patient as 
residence in a plague-stricken city. Yet this is the  
result which the assiduous studies of the biologists, 
provided with laboratories and maintenance by con- 
tinental states, have in dne time bronght to light. 
Theodore Schwann, professor at  LiCge, first showecl 
that these bacteria are the cause of the putrefaction 
of organic substances; and subseqnei~tly, the French 
chemist Pastenr, professor in the !&ole normale of 
Paris. confirmed and extended Schwann's clizcovery, 
so as to establish the belief that all putrefactive 
changes are due to such rninute organisms, and that, 
if these organisms can be kept at  bay, no putrefaction 
can occur in any given substance. 

I t  was reserved for our countryman, Joseph Lister, 
to apply this result to the treatment of wounds, and, 
by his famous antiseptic rnetllod, to destroy by means 
of special poisons the putrefactive organisms which 
necessarily find their way into the neighborhood of 
a wound, or of the surgeon's knife and dressings, 
and to ward off by similar lneans the access of snch 
organisms to tlie mounded surface. The amount of 
death, not to 'speak of the suffering short of death, 
which the knowledge of bacteria gained by the nii- 
croscope has thus averted, is incalct~lable. 

Yet, further, the discoveries of El~renberg, Schwann, 
and Pasteur, are bearing fruit of a similar kind in 
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other di~~ections. I t  seems in the highest degne  
probahle that the terrible scourge ltnown as tubercu- 
lar consnmption, or phtliisis, is dne to a parasitic bac- 
terium (Bacillus) discovered two years since by I<oclr 
of Berlin as the immediate result of .investigations 
which he was comn~issionecl to carry on at  the public 
expense, in the specially erected laboratory of pnblic 
health, by the German imperial government. T l ~ e  
diseases ltnown as erysipelas and glanders (or farcy) 
have sirnilarly, within the past few months in Ger- 
man state-snpl~orted labo~~atories, been sl~own to be 
due to the attaclrs of special Iiinds of bacteria. At  
present this kno~vledge has not led to a successful 
method of combatitig those diseases, but we can 
hardly doubt that i t  mill ultimately do so. We are 
warranted in this belief by the fact that the disease 
lino~vn as splenic fever ' i n  catfie, and 'malignant 
pnstnle,' or anthrax, in man, has lilrewise been sho\vll 
to be dne to the action of a special kind of bacterium, 
and that  this l<no~vledge has, in the hancis of AIM. 
Tonssaint and Pasteur, led to a treatment, in relation 
to this disease, similar to tha t  of vaccination in rrla- 
tion to small-pox. By cultivation a modified growth 
of tlie ant11t.a~ parasite is obtained, mllich is then 
used in order to inocnlate cattle arid sheep with a 
mild form of tlie cliscnse, such inocul~ltion ]laving the 
result of rendering tlie cattle and sheep free fro111 
tlie attacks of tlie severe form of disease, just as vac- 
cination or innoc~llation with co~~--pox manprotects 
from the attack of the deadiy s~nall-pox. One other 
case I nlay call to niind, in mllicll linowledge of the 
presence of bacteria as the causc of disease has led 
to snccessfnl curativc treatmet~t. il 11ot uncommon 
affliction is itrllarn~uatio~i of tlie bladder, accompanied 
by ammoniacnl decomposition of tlie urine. JIicro-
scopical investigation lias shown that this ammonia- 
cal deconlposition is entirely due to the activity of a 
bacterium. Fort~unately, this bacterinrn is a t  once 
lrilled by \veal< solotioils of quinine, mhicli call be 
injected into the blaildcr without causing any injury 
or irritation. This example appears to have great 
importance; because it is tile fact that Inany Binds of 
bacteria are not killetl by solutions of qni~line, ba t  
reqnire other and mnch more irritant poisons to de- 
stroy their life, which could not be injected into the 
bladder without causing disastrous effects. Since 
sorne bacteria are ltilled by one poison, and some by 
another, i t  becomes a matter of the keenest interest 
to find out all such poisons; and possibly among them 
rnay be some whic11 can be applied so as to ltill the 
bacteria which produce phthisis, erysipelas, gla~ltlers, 
antliras, and otller scourges of l~u~nan i tg ,  wllilst not 
acting in j~~r ious ly  the victim in upon the body of 
which these infinite~irrial parasites are cloing their 
deatlly work. I n  sncll ways as this, biology has turned 
the toy 'magnifying-glass ' of tlie last cenlury into a 
saver of life and I~ealth. 

No less has the same agency revolritionized the 
thor~ghts of nlen in every brarlcll of philosophy and 
spec~ilation. T l ~ e  lx~o\vledge of the gromth of the 
chicli from tlle egg, ant1 of other orgn1ii31n.s from 
similarly cotrstituteil beginnings, has been slo\vly and 
contiiluously gained by prodigious labor, extending 
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have occnpied the laboratories, and lived on the sti- 
pends, provided by the governments of European 
states, -not English, bnt chiefly German. I t  is this 
history of the development of the individual animal 
and plant from a silnple honlogeneous beginning to a 
conlplex heterogeneons atlult, ~vllicll has furnished 
the starting-point for the wide-reaching cloctrirle of 
evolution. I t  is this linowledge, conpled with the 
ltnowleclge of the nlyriad details of structure of all 
Irinds of animals and plants, ~vliich the faithful OCCLI-

pants of laboratories, and the gaardikzns of biological 
collections, have, in the past hundred years. lahori- 
onsly searched out, and recorded. I t  is this which 
enabled Dar~viri to proponnd, to test, and to firmly 
establish his tlleory of the origin of species by nato- 
ral selection, and finally to bring the origin, dcvelop- 
ment,, and progress of marl also into the  area of 
pliysical science. I have said enongh, in referring 
olrly to two very d ive re  esarnples of the far-reaching 
consequences flowing from the discoveries of single- 
minded investigators in biological science, to remind 
my hearers that in the domain of biology, as in other 
sciences, the results attaiiietl by those mllo have 
labored simply to extend our lrnowletlge of tlle stnlc- 
ture and properties of livil~g things, in the faith that 
every increase of lalowledge mill ultimately bring its 
blessing to hnmanity, Il;tvr, in fact, led witlr asto~iish- 
i ~ l grapidity to conclusions affecting most profotlndly 
both tlie bodily and the mental welfare of the corn-
munity. 

\Ve who lrnow ~ h c  beneficent results \vlricll most 
flow Inore and rnore fro111 the labors of those \vho 
are able to create neTT knowledge of l ivi~lg things, 
or, in other words, arc able to aid in the growth of 
biological science, mnst feel son~ething rnore than 
regret, -even indignation, - that  doEngland s l l o~~ ld  
so small a proportion of the 1:iborions investigntion 
which is ncccss:try, ant1 is beina carried on for our  
profit by other nationalilies. It must not be snp- 
posed, because we have had our IIarvey and onr 
Darwin, our IIuntcr anil our Lister, that therefore 
we hare done, and are doing, all that is needful in 
the increase of biological science. Tlre position of 
this country in relation to tlle progress of science is 
not to be decicled by the citation of great names. 

We require to look Inore fr~lly into the matter than 
this. The question is, not whel~her England has pro- 
duced sorne great tliscoverers, or as many as any other 
nationality, but whether \re might ]lot, with advan- 
tage to onr own cotnm~uiity and that of the civilized 
world ger~erally, do far more in the field of scientific 
investigation than me do. 

I t  mny be laid down as w general propositiolr, to 
wllich I Iino~\6:of no important esceptiou, that scien- 
tific discovery has only been made by one of two 
classes of men; naniely, (1) those \~rl~osc time could 
be devoted t,o i t ' in virtue of their possessing inherited 
fortunes; (2 )  those whose time could he devoted t o  
it in virtue of their possessin? a stipentl or endow- 
ment especially nssig~icd to them for that purpose. 

Now, it is a very reinarkable fact that in England, 
fnr more t1la11 in any other country, the possessors of 
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private fortunes have devoted tlie~nselves to scien- 
tific investigation. Not only have we, in all parts of 
the coontry, numerous diletla~~ti , '  especially in ~ ~ ~ 1 ~ 0 ,  
various branches of biology, do valuable worlr in con- 
tir~ually adding to Itnowledge, quietly pursuing their 
favorite study withoat seeking to reach to any great 
eminence, but it is the fact that nlany of the greatest 
names of Eiiglisli iliscovercrs in science are tliose of 
Inen who held no professional position designcd to 
maintain an  investigator, but owed their opportonity 
simply to the fact that  they enjoyed a rilore or less 
arnple ilicon~e by inheritance. Thus, IIarocy pos-
sessed a private fortuiie, Darwin also, and Lgell. 
Such, also, is true of some of the English naturalisls, 
mllo more recently have iilost successfully devoted 
their energies to research. Tilose who ~ r i s h  to de-
fend the present neglect of the government and of 
public institutions to provide rneans for the carrying 
on of scientific research in this country are accus-
toilled to declare as a jastification for tliis neglect, 
that \ve do very well withoot such provision, inas- 
much as tlie cultivation of science here flo~u.ishes in 
the liancls of tllosc \vlio are in a position of pecuniary 
independence. The reply to tliis is obrious. If tliose 
fe\y of our countrymen ~vlio by accident are placeel 
in ail independent position show silch ability in the 
prosecution of scientific rescarell, how ~nucl i  more 
~ ~ ~ o u l c lbe cffec:ted in the same direction, \vcre tllc 
machi~lerylprovided lo  enable tliose also who are 11ot 
accidentally favored by fortune to  enter upon tlic 
same kind of work! The xiun~ber of n-caltliy luen 
nlio have distinguished tlie~nselres in scientific re-
search in England is simply eviclerice that there is a 
11atura1 ability an(l lilting for such worlr in the Eng- 
lish character, arid is a distillel encoaragement to 
those who have it in their power to do so, to offer tlie 
opportunity of devoting the~osel\res to research to a 
larger nuniber of the niernbers of the community. 
I t  is impossible to doubt that, tlierc are h~undreds of 
anen amongst us who liave as great capacity for scieii- 
tifie discovery as those n~llom fort,uue has favored 
lvith leisure and opportunity. I t  cannot be doubteil, 
that,, mere tlie means provided to enable even a pro-
portion of such men to give tllernselves up to scientific 
investigation, great discoveric?~, of no less inll~orlance 
to the world than those relative to tlie causes of dis- 
ease, and the developmelit of living things fro111 tlre 
egg, -~vllicliI have cited, -monlcl be made as a direct 
consequence of their activity; whereas nolv we Innst 
.~vait until, in due course of tirno, tllese discorcirics 
sllall be iuatle for us in tlie 1abor:ltories of Gcrn~:lny, 
li:ratiee, 01. I:IIS;~R. 

It s11ou1,l f~u,tlier he pointed out, that it is altogeth- 
er a mista!ie to suppose that  the existence ;trnongst 
us of a fexv very emirlc?nL ineri is any evidiince that 
\r.e are contribilting largely to the linrtl work of care- 
f ~ l  t l ~ estntly ancl oli~orvation, 1vl1icl1 really forms 
nlaterial upon mliich tlie conclu~ions of ernillent dis- 
coverers are based. Yon will 1i11d in every depnrt- 

7 Iuac !his \vord iri its brst imd truest srnsc, nrrd would rcft.r 
lilo~evlio h n ~ cbcclt acclistornud to associate \ ~ i t l iit sorlio itn- 
plic;itionof corrtctnpt to  tlic m-isi. aiid appreciati\-e rernnrlrs of 
eo&c  0x1 ' diictt;tnti.' 

merit of biological linowleilge, tliat the 11:1rd work of 
i~~vestigation 11-ell-trainedis being carried on l)y t l ~ e  
arnly of Gerinar! observers. JYl~etller you ask tlie 
zoologist, the botanist, t,he phj~siologist, or the an-
tl~ropologist, you will get the same answer : it is to 
Gernzan sousces that  he  looks for new information; 
it is in Gernlan worlrsl~ops that  discoveries, eacll 
s~nal lin itself, but gradually leading n p  to great con- 
ciusions, are daily being made. To a very large ex- 
tent, the bosiness of those who are occupied ~ v i t h  
teaching or applying biological science in this co~t11- 
try co~isists in malting linown what has been done ill 
Ge~,manlaboratories. Our English students flocli to 
Ger~nanyto learn tlie ~iietllods of scientific research ; 
and to such a state of wealiness is English science re- 
duccrl, for v-ant of proper Inlrture and support, that, 
even on some of the rare occasions ~vlien a capable 
invc,stigator of biological problems has bee11 required 
for the public service, it has been riecessa1.y to obtain 
the assistance of a foreigner trained in the lnborato- 
rim of Germany. 

Let me now brieliy e x p l a i ~ ~  what are the arrallge- 
1ner114, in nu~nbe r  arid in liind, wliicli exist ill otller 
coontrics, for the purpose of prorrioti~lg the advance- 
ment of biological science, which arc n.;rnti~~g i n  this 
country. 

I n  tlic (:erlnan enipire, with a l?ol)ulatiou of 43,-
000,000, thcrc are twenty-one universitit,s. These 
universities are very clilfere~lt from any t l~ ing ~vliich 
goes 1-13' tlle name in this country. i\lno~!gst its other 
arrmigerxients, devoted to the study :tnd teacliing of 
all br;tncllt:s of learning and science, eac l~  nniversity 
has five institutes, or establisllinents, devoteil to the 
prosecution of researches i11 biological science. These 
are respectivelg tlre physiological, tlie zo61ogica1, tlie 
tt~!:~toinicnl, ant1 the botanical. the l)at~l~ological, I n  
one of tllese n!~irel'sities of avel.age size, eacli of the 
institrites 11:lmqtl consists of a spttcious builtlir~g con-
t;tining Inany rooms fitt,cd :bs ~ ~ r l i ~ l ~ o p s ,  prg~ided 
x\-ith iirstrunrcnt.a, ;t Siltlsenln, t ~ ~ i d .  the last in-in 
st;kncr, ~ v i t l ~  cxperi~i~enlal  this isan :'i~rde~~. All 
pro\-itled and mniiltail~ed by the state. At tlle hear1 
of each institt~tc is t 1 1 ~  universitj: professor respec-
tively of pl~ysiology, of zo6logy, of :in>Ltomy, of pa- 
thology, or of botally. l l e  is p~ i r l  a stipe~id by the 
state. nllich, i ~ r  tlie anlallc.;t university, is as l o~v  as 
2120, bnt luey Lie in o t l le r  as riiucl~ a.: $700, arid 
nverages, sny, &!.1-00 a )t,al.. Co~isidcr~ingtlre rel;~tive 
expenditure of the l)rofessio~ial cla;scs in the t\vo 
couni,ries, this avc,rng(l 111:ty be t:~lten : ~ s  equal to $800 
a year in E1rgiantl.l IX~sicles tho l)rofes.or, cncl~ ill- 
stitilte 11ai att:lchccI to it,, with aala!ic~s p:rid by tlle 
state, two qunlified assistants, who, ill cuur,e of time, 
will s~rcceetl to i r~deyent le~~t  positioiis. A liberal al- 
lowance is also niatle to each instillitc, by  the state, 
for tile piircltaic of i n s t l . u~nc~~ t~s ,  for sttlcly, ~n:~letri;~i 
and for tlie pay of servants; so tllnt, the total exi~e~ltli- 
tnre oil professor, :tssist;~r~ts, labora:,ory bervice, anti 

I From tlie fact tl~:itthc ral t~r ieaoi'jlldpeli, c i ~ i lservoi~ls,mii-
i tary :lrid nn\-it1 otiiccra, p;lrnona, nnd scliuolinnst~~r.6,as also tlie 
fvcs of p1iyrici:ins tuid Inwycrs, nrc i n  leae t l ~ a nCicrt11.kriyL ~ G ~ I  

11:rIf\TII:LL is pnid to tlicir rrpsescrttativt~s I tlrink ;hatin E~igI:~nd, 
v e  arc justified i l l  u1ai;illg this eatilnnte. 
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maintenance, averages SS00 a year for each institute, 
reaching as much as 22,000 or S3,000 a year in the 
larger universities. I t  is the business of the pro- 
fessor, in coi~junction with his assistarits and the 
advanced students, TI-ho are admitted to vork  in the 
laboratories free of charge, to carry on investiga-
tions, lo creccte new lcnozuledge in the several donlains 
of physiology, zoology, anatomy, pathology, and bot- 
any. I t  is for this that the professor receives his sti- 
pend, and it is on his success in tliis field of labor 
that his promotiori to a inore important or better 
paid post in another university depends. In additiou 
to and irrespective of this part of his duties, each 
professor is charged with the delivery of courses of 
lectures, and of elementary i~istruction to the general 
students of the university; and for tliis lie is allowed 
to charge a certain fee to each slndent, which he re- 
ceives, hirnself. The total of such fees Inay, in tlie 
case of a largely attended university auil a popular 
subject, form a very iruportant addition to the profes- 
sorial income; but it is distinctly to be understood 
that such paynierit by fees is oilly an addition to the 
professor's income, quite illdependent of his stipend, 
and of his regular occup:ttion in the laboratory: it is 
paid from a separate source, and €or a separate object. 
There are thus in the German ellipire riiore t,lian 100 
such institutes devoted to tlie prosecutio~i of biologi- 
cal discovery, carried on at  an  annual cost to tlie state 
of about 280,000, equal to about $160,000 in Eng- 
land, providing posts of graduated value for :300 i~ives- 
tigators, some of small value, sufficient to carry tlie 
young s tude~l t  through the earlier portion of his ca-
reer, whilst he is being trained and acting as the as-
sistant of more experienced nleu; otliers formiug tlie 
sufficient but not too valuable lwizes wliich are the 
rewards of continuous and successful labor. 

I n  addition to these university institutes, tliere are 
in Gerinany sucli special laboratories of research, 
with duly salaried staff of investigators, as tlie Im-
perial saliitary institute of Berlin, and tlle large 
museums of Berlin, Bremerr, arid other large towns, 
corresponding to our o~1-11 British museum of natural 
history. 

Moreover, me must be careful to note, in tnalciog 
any comparison with the arrangements existing in 
England, that there are, in addition to tlie universi- 
ties in Germany, a nurnber of other educational in- 
stitutions, at  least equal in number, Tvhich are lcnown 
as polyteclinic scliools, technical colleges, and agri- 
cultural colleges. These furnish posts of e~noluluerit 
to a limited number of biological students, who give 
courses of instruction to their pupils; but they have 
not the same arrailgernents for research as the uni- 
versities, and are closely similar to those colleges 
which have been founded of late years in the pro- 
vincial towns of England, sucli as Bristol, Not,ting- 
ham, and Leeds. The latter are so~lleti~nes cluotetl by 
sanguine persons, who are satisfied wit11 the neglect- 
ed condition of scientific training and research in 
this contitry, as really sufficient and adequate repre- 
sentatives of the German universities. As a niatter 
of fact, the excellent English colleges in cluestion do 
not present any tliing at  all comparable to the ar-

rangements of a German university, and are, in re- 
spect of the ariioont of rnoliey which is experided 
u p o ~ ~them, the number of tlieir teaching.staff, arid 
the efliciency of tlieir laboratories, inferior uot nlerely 
to tlie smallest Gerrnarl university, but inferior to 
rriany of the technical schools of that country. 

Passing from Germany, [ would now aslc your at- 
tention for a ~nor~ len t  to :in institution virliicll is sup- 
ported by the Prencl~ goveniment, ancl which --quite 
irrespective of tlie French ~uiiversity system, which 
is not, on the whole, superior to oar own -constitutes 
one of tfie most effective arrangements, in any Earo- 
peal1 state, for the production of new knowledge. 
The institution to which I allude is the Colle'ge de  
France in Paris, -co-existing there witli the Sor-
bonne, the &ole de nie'decine, tlie &ole normale, 
the Jardin des plantes, and other state-supported in- 
stitutions, - in which opportunity is provided for 
those Prenchrnen who have the requisite talent to 
pursue scieiitific discovery in the del~artlnent of biol- 
ogy, and in  other branches of science. I particular-
ly mention the Colle'ge de Prance, because it appears 
to me that  the foundation of such a college in Lon- 
don would be one of the sirriplest and most direct 
steps that could be taken towards filling, in some de- 
gree, the void from which English science suffers. 
The Colle'ge de France is divided illto a literary arid 
a scientific facult,y. Each facult,y consists of some 
twenty professors. Each professor in the scientific 
faculty is provided with a laboratory arid assistants (as 
niany as four assistatits in some cases), and v i t b  a 
considerable allowance for tlie expenses of tlie instru- 
ilie~itsand materials required ill research. Tlie pcr- 
soiial stipend of each [~rofessor is F400, whicli has 
heen increased by an additional $100 a gear in some 
cases froin the government department charged with 
the promotion of liigl~er studies. The professors in 
tliis institution, as in the CTcrr~?an universities, when 
a vacancy occurs, have the right, of notr~inating their 
future colleagne, their recorninendation beirig accept- 
ed by the government. Thc professors are not es-
pected to give ally elementary instruction, but are 
directed to carry on original i~ivesligations, in prose- 
cuting which, they rnay associate witli themselves 
pupils who are sufficiently adva~iced to join in such 
work; and it is further the duty of each professor to 
give :r course of forty lectures it1 each year, upon tlie 
results of tlie researches in which lie is engaged. 
There are at present, among the professors of the Col- 
16ge de France, four of the most distingilisl~cd nmong 
contemporary students of biological science, --Pro- 
fessor Brown-Sequard, Professor Xarey, Professor 
I3albia,ni, and Professor Kanvier. Every one who is 
acqnaiuted with the progress of discovery in physi- 
ology, iliinute anatomy, and einbryology, will adinit 
that the opportunities afforded to these men have not 
been wasted. They have, as tlie result of the posi- 
tion in n-hich they have beet1 placed, produced abnn- 
dant and most valuable worli, a ~ r d  have, in addition, 
trained younger men to carry on the same line of ac-
tivity. I t  was here, too, in the CollBge de France, that  
tlie great genius of Clancle Bernard found the neces- 
sary conditions for its development. 
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Let us now see how many and what lrind of insti- 
tutions there are in England de~~ i sed  so as to'pro~note 
the making of new linowledge in biological science. 
Xost persons are apt to be deceived in this matter 
by the fact that the terms 'university,' 'professor- 
ship,' and ' college ' are used very freely in England 
in reference to institutions which have no pecuniary 
resources whatever, and which, instead of corre-
sponding to the German arrangements which go by 
these names, are empty titles, neither backed by 
adequate subsidy of the state nor by endowriient 
from private sources. 

I n  England, with its 23,000,000 inhabitants, there 
are only foor universities which possess endowments 
and professoriates ; viz., Oxford, Cambridge, Dur-
ham, and the TTictoria (Owerls college). Besides 
these, which are variously and specially organized 
each in its own way, there are the London colleges 
(University and Icing's), the Norrnal school of 
science a t  South Kensington, and various provincial 
colleges, which are, to a small and varying extent, in 
possession of funds which could be or are used to 
promote scientific research. Amongst all these 
varionsly arranged institutions, there is an extraor-
dinarily sniall amount of provision for biological 
research. In  London there is one professorship only, 
that  at  the S o r n ~ a l  school of science, which is main- 
tained ,by a stipend paid by the state, and has a 
laboratory and salaried assistants similarly main- 
tained, in connection with it. The only other posts 
in London which are provided with stipends ir~tended 
to enable their holders to pursue researches in the 
domain of biological science, are the two chairs of 
physiology anti of zoology at University college, 
which, through the munificence of a private indi- 
vidual,] hare been endowed to the extent of YS00 a 
year each. To these should be added, in our calcu- 
lation, certain posts in connection with the British 
nluseulll of natural history and the Iioyal gardens 
at  Kew, maintained by the state; though it must be 
remembered that a large part of the espenditure 
in those institutions is necessarily taken up in the 
preservation of great national collections, and is not 
applicable to the subvention of investigators. We 
may, however, reckon about six posts, great and 
small, in the British museum, and four at Kew, as 
coming into the category which we have in view. 
I n  London, then, we may reckon approximately some 
fourteen or fifteen subsidizect posts for biological 
research. In  Oxford there fall under this category 
the professorship of anatomy and his assistant, that 
of physiology, that of zoiilogy, that of botany. The 
Oxford professorships are well supported by endow- 
m'ent, averaging S700 or gSO0 a year; but they are 
inadequately provided with assistants, as compared 
with corresponding German positions. Whilst Ox- 
ford has thus five posts, Cambridge has at  present 
the same number, though the stipends arc of less 
average value. I n  regard to Durham, i t  does not 
appear that the biological professorships (which have 
their seat in the Newcastle college of science) are 

supported by stipends derived from endowment: 
they fall under another category, to which allusion 
will be made below, of pnrely teaching positions, 
snpported by the fees paid for such teaching by 
pupils. The Victoria university (Owens college, 
Manchester) supports its professors of physiology, 
anatomy, zocilogy, botany, and pathology, 'by means 
partly of endowment, partly of pupils' fees. By the 
provision of adequate laboratorieq, and of salaries 
for assistants to each professor, and of student-fellow- 
ships, Owens college gives direct support to orginal 
investigation. We may reclcon five major and eight 
minor posts as declicated to biological research in  
this college. Altogether, then, me have fiftecn posi- 
tions in London and twenty-three in the provinces 
(talting assistantships and professorsliips and curator- 
ships together), -a total of thirty-eight in all Eng- 
land, with its 85,000,000 inhabitants, as against the 
three hundred in Germany, with 43,000,000 inhabit- 
ants. I n  proportion to its population (leaving aside 
the consideration of its greater wealth), England 
has only about one-fourth of the provision for the  
advancement of biological research which exists in 
Germany. 

I t  would not be f a x  to reckon in this comparison 
the various biological professorsllips in sniall col- 
leges recently cleated, and paid to a small extent by 
stipends derlved from endowments in the provincial 
towns of England: for the holders of these chails 
are called upon to teach a variety of subjects; for 
instance, zodlogy, botany, and geology combined. 
And not only is the devotion of the energies of their 
teaching-staff to scientific discovery not contem-
plated in the arrangement of these institutions; but, 
as a matter of fact, the large dernands inacle on the  
professors in the way of teaching must deprive them 
of the time necessary for any serions investigation. 
Such posts, in the fact that neither time, assistants, 
nor proper laboratories are prov~ded to enable their 
holders to engage in scientific lesearch, are school- 
masterships rather than professorships, as the word 
is used in German universities. 

One result of the exceedingly small provision of 
positions in England, similar to those furnished by 
the Gerrnan university system, and of the irregular, 
uncertain character of many of those wliich do exist, 
is, that there is an insufficient supply of young men 
willing to enter upon the career of zodlogist, botan- 
ist, physiologist, or pathologist, as aprofession. The 
number of post3 is too small to cieate a profession, 
i.e., an  avenue of success; and consequently, whereas 
in Germany there is always a large body of new me11 
ready to fill a p  the vacancies as they occur in the 
professorial organi~ation, In England it very natn- 
rally does not appear to our un i~e r s i t y  students as 
a reasonable thing to enter upon lesearch-as aprofes- 
sion, when the chances of employment are so few, 
and far between. 

Before stating, as I propose to do, what appears 
to me a I easonable and proper rnelhod of removing, 
to some extent, the defect in our natiollal life due to  
the want of provision for scientific research, I will 
endeavor to meet some of the objections which are 



u s ~ ~ a l l y  to I all1raised such views a,s those ~~-1licl1 
advocating. The endo~vn~ent  of research by tlie state, 
or from public funds of any kind, is opposed on 
various grounds. One is, tliat such action on the 
part of the govcrnmei~t is well ellough in continental 
states, but is contrary to t,lie spirit of Eiiglisli state-
craft, which leaves scientific as well as otlier elater-
prise to the individual initiative of the people. This 
objection is based on error, botli as to fact and theory. 
I t  is well enougl~ to leave to individrlal effort the 
conduct of sucll eiit.erprises as are renlunerative to 
the parties n.ho conduct tllem; but it is a mistake 
to speali of scientific research as an 'enterpiist! ' at 
all. The ~ n i s t a l ~ earises fro111 tlie extraordi~iary 
ltertinacity with which $0-called ' iiireiltion ' is co11- 
fou~ideclxvitli tlie discovery of scientific truth. S e w  
linowledge in biological or other brancl~es of science 
cannot be sold: it lias 110 marlietable valile. Iioch 
could not liave sold the discovery of the bacterium 
of phthisis for a i  lrlucli as sixpence, hat1 lie s~islied 
to (lo so. Accordingly, wc find tl~aL there is not, 
and never has been, any terlrlerlcy among the citi- 
zens of this country to provide for tllernselves insti- 
tutions for'the mannfactnre of xi articlc of so little 
pecnniary value to t l ~ e  i~~divii lual  xvl~o turns it out 
as is new Iinowledge. 011 the o l l~er  lit~nd, as a 
matter of fact, tlie provicling of means for the manu- 
factnre of tliat article is not only not foreign to 
Englisli statecraft, but is largely, though not largely 
enough, undertalien by the Ei~glisli statc. Tlie 
Royal observatories, the British Inuscum: the Royal 
gardens a t  Rev ,  the Geological survey, the govent- 
ment grallt of $4,000 a year to tlic Royal society, 
the Y30O or £400 a year (not a large surn) expeildetl 
tl~rougll the nledical oficer of the privy coiincil upon 
tlie esperi~nental investigation of disease, are ainple 
evidence tliat such proviclirlg of rrleans for creating 
new 1i1lo~le:lgc forms part of the natural ant1 recog- 
nized responsibilities of tile Briti.11 goverrlnlei~t. 
Sncli a resy)onsibility cleariy is rccognixed in this 
colultry, atiil does fail, accol.dillg to tlle resent 
arrangement of things, npoii the central gover~iri~ent. 
I?'llat we have to regret is, tliat those who t,en~porarily 
holil the reins of government fail to perceire the 
lamentable inadequacy of tlie inoclc ill .rvIlicl~ this 
re-ponsil~ility is met. 

A second ol~jection ~vl~ic l l  is rnacle to tlie entlom- 
ment of 1.esearcl1 l1y pul~lic funda, or by otlrer Iiieans, 
sncli as vol~ultary cont~,ibntions, is tliis: it is stated 
that nlen engagc!d in scientific recearcll ought to teacli, 
and thns gain their liveliliood. Tt is argued, in fact, 
t11:tt t,licre is no need whatever to provicle ctipentls or 
1ahor:atories for researcllcrs, since they harc  only to 
stand up a11i1 teach ill order to lnalie iucorric sufficient 
to lieep them ant1 their fa~nilies, :!lid to 111.oviiie tlienl- 
selves wit11 laboratories. This is a very l)lausible 
statelllent, because it is tlic fact that sonle investignt- 
ora l ~ n r e  also been escelle~lt lecii~~,ers, and llare bee11 
able to make an iricotile by teachil~g, ~ ~ ~ l i i l s t  carrying 
on a liniitcd amoLuit of scientific investigation. But 
neither by teaclii~ig in tlle forin of popular lectures, 
nor by teacliirlg nniversity or professional students 
who desire, as a result, to pass solue esami~latiol~- 

test, is i t  possible: where there is a fair field ar~rl IIO 

faror, for a man to gain a reasonable income, and at  
the same tiiiie to leave llimself time and energy to 
carry 011origir~al investigations in science. 

111aotne universities, sncli as those of Scotland, the 
privilege of conferring degrees of pecuniary value to 
their possessors becomes a source of incorne to the 
professors of the university. They are, in fact, able 
to ~ n a k e  co~~siderable indepe~icle~ltlg en-incoines, of 
dowment, by co~npelling the candidates for degrees to 
pay n fee to encll professor in tlie fncnlty for the right 
of attenciir~ghis lectr~res, and of presentation to the 
degree: consec~iuently teaching liere appears to be 
produci~igan i ~ ~ c o i n e  rvhicll may sapport a researcher. 
I n  reiliity, it is the acquisition of the university de- 
gree, and not necessarily llic teaching, for ~ ~ r l l i c l ~  the 
pupil pays his fee. Where tlie teacher is unprotected 
by any co!ul?nIsor~- regulations ( s t ~ c l ~  as t,liat xvl~ich 
requires attendance on liis lcct.urcs, nrid fee-paynlent 
on the part of tlie pi~pils) ,  it i q  impossible for I l i~n to 
obtain sucl, an inconie, by tencliii~g for onc hour a, cla.y, 
as mill eilnble lliin to tlex-ot,e tile rest of the clay to 
~ii ire~ounerstivestudy a11d investigation, for tlie fol- 
I O M - ~ I I ~  Other teachers, equally satisfactory reason. 
as teacliers, will entcr into cnrnpc:tition wit11 him, 
\vitllont having the sanle i i~ tent io t~  01 tcnclling for 
one hour only: and of earryi~lg on rcsenrcl~es for the 
rest of tlle day. They mili contcnlplate teacllilig for 
six 110i1rs a day, and tiley mill accordingly offer to 
those wlio require to be ta,uglit! either six hol~rs '  
teacl~ing for tile s ;~me  fec ~r l i ich  tllc resen!.cller 
charges for one, or one honr for a sixth part of tllat 
f r ~ :  co~lseilneiltly tile ~unprotecled researcher \\.ill 
find his lecture-room deserted. PLIP~IS\$-ill natura!!y 
go to the equally good teacher who gives more teach-
ing for tlie same fee, or the same tea,ching for a less 
cost. And 110one can say that Illis is not as it slloulcl 
be. Tile university papil rerluires a certain coursc of 
instrnction, ~vllich he o ~ g l ~ t  to bc able to buy at tlic 
cheapest iale. I t  iloes not seen1 to be tloing j ~ ~ s t i c e  
to t l ~ c  plil)il, to cornpel him to fot.~n one of a class 
consisting of some h~intlredsof hearers, where lie 
can obtain but little perso~lal supervision or attention 
from the tcac l~c~, ,  ~vhereas, if lie Ilad tlre free tli;.. 
posal of llis fee, lie niigilt obtaii~ six tinies the 
amo~ui t  of attention froin anctlie~. teacher. Tllis 
a r r n n g e ~ ~ l e ~ ~ tcloes riot seem lo be justifiable, even for 
the purpose of l~roriding the iuliversity p:.ofe-;sor 
will1 an i ~ ~ c o t n e ,a i ~ d  leisure to pursue scientific re- 
senrcli. 'I'lie str~dcnt 's  fee slionltl pay for a giver1 
amonilt of teaching at llic n~arkel  ralne: a~it l  he llas 
inst cause cor~~pl:i i~it ,  by com])~~laory criact-of if, 
meilts, lie is tasetl ti) provide the countiy wit11 ,sciel~- 
tific i~lvestig~lt io~l.  

Teacliilig milst, i l l  all fttir~lcss, ~ ~ l t i ~ i ~ i ~ t ( ~ l y  11e 11;iiil 
for as teacliing; ant1 scientific ~ ~ c ~ e n r c l rInllst bc pro- 
vitlerl fr11 out of otlicr f~intls  tllan those estri~ctetl 
from the pocliets of nci.d)- stutlcnts, xvl~o Ilavc n 1.c;~-
so~ia l~le  aright to tle~nalid, in return for their fees. 
full ~nod ic~un  and clirectipn in st,uily. of inst~,uctior~ 

I n  tllc Germnil univeraitics, the professor receives 
a st i l~end xvllicl~ pr~\~ic l rs  for llim as an i~ivestigntor. 
IIu also gives lectures, for which lie cllarges a feu; 
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but no student is com~jelled to attend t l~ose lectures 
as a conilitioii of obtailling his degree, dccordillglj~, 
intlepe~ldent teacliers can mid (lo compete with tlie 
professor in providing for the students' reqniremeuts 
in the matter of instrnction. As a consequence, the 
fees charged for teacliing are exceedingly small, and 
the student can feel assnred that he is obtaining his 
money's r o r t h  for liis money. J-le is not co~npelled 
to pay any fee to any teacher as a contlitioii of his 
promotion to the university degrce. I11 a, German 
universitjr, if tlie professor in a given subject is in- 
conipetent, or the class overcrowded, the st~tdent can 
take his fee to a private teacher, and get better teach- 
ing, All that  is reqnirecl of the candiclate, as a con- 
dition of his pron~otion to the doctor's degree, is that 
he sllall satisfy the examiriation-tests iillposed by the 
facnlty, and produce an original thesis. 

Cilless there be some such cou~pelling inflnence as 
that obtaining in tlie Scotcli nniversities, eliabli~lg 
the aTould-be researcher to gatlier to liitn pupils and 
fees mithout fear of competition, it seeins in~possible 
that he  should ga i~ i  ail inconle by teaching, n-hilst re- 
serving to lli~nself time and energy for the pursuit of 
scientific inquiry. I t  is thus seen that the ~~ecess i ty  
of endowme~it, in some form or another, to make 
provision for scientific researcb, is a reality, in spite 
of tlie suggestion that teaching affords a iueans 
whereby the researcl~er may readily provide for Iiim- 
self. The simple fact is, that a teacher can only 
make a snfficient income by teaching, on the con-
dition that lie devotes his whole time and energy to 
that occnpation. 

TVhilst I feel called upon to empliatically distin- 
guislr the two functions, -viz., that of creating new 
knowledge, and that of distributing en~isting knozaledge, 
-and to maintain that it is only by arbitrary and 
undesirable arrangements not likely to be tolerated, 
or, at  any rate, extended, at  tlie present day, tliat the 
latter can be rnade to serre as the support of the 
former, I must be careful to point out tliat 1 agree 
most cordially v i t h  those rvho hold that it is an ex- 
cellent thing for a Inan ~ v h o  is engaged in the one to 
g i ~ ea certain axnount of time to the other. I t  is a 
rnatter of experience, that tlie best teachers of a sub- 
ject are, cete~is 2~ta?.ibeis, those wllo are aclually en- 
gaged in the advancenient of tliat subject? and who 
hare  sliown such a tlioroi~gh understandirig of that 
subject as is necessary for 11laki11g liem l<~ion-ledge in 
connection with it. I t  is also, in niost cases, a good 
thing for the inat1 engagetl in researcll to have a cer- 
tain sinall anlonrit of change of occupation, ariil to be 
called upon to take such a survey of tlie subject in 
coiinection with mhicli liis researclles are made, as is 
irivolvecl in tlie delivery of a course of lectures, and 
other details of teaching. Though it is not a thing 
to bc contemplated, that the researcher shall sell his 
instrnction at  a price sufficiently high to enable him 
to live by teaching, yet it is a good i h i ~ ~ g  maketo 
teaching an  additional and subsicliary part of his 
life's work. This encl is effected in Germany by 
making it a dut,y of the professor (already s~~ppor ted  
by a stipend1 to give some five or six lectures a week 
during the acadclnical session, for which he is paid 

by tlie fecs of liis hearers. The fees are lev, but are 
sufficient to be an indnceinent; and, ir~aslui~ch as tlie 

attc~ldailce of the s t~~ i l en t s  
is not con~palsory, tlle 
professor is stimulated to produce good and effectiye 
lectures at  a rea.or~ab!e charge, SO as to attract pupils 
who n~ould seek instrilction from soiiie one else, if 
the lectilres n7ere 1112 good, or the fees too high. In-
deed, in Germany this systeiii n-orlrs so much to tlie 
adrantage of tlie statlents. that the private teacliers 
of t,he u~liversities at  one tirne obtaii~etl tlie creation 
of a regnlation forbiclding the professors to reduce 
their fecs l~elow a certain mininiam; since, v i t h  so 
lov  a fee as some professors were charging, it was 
inipossible for a private teacher to compete. This 
state of tliings may be compared with tnuclt advan- 
tage with the condition of British universities. 111 

tliese \ve hear, from one direction, complai~its of tlie 
Iiigh fees charged, and of tlie illeffectire leaching 
given by the professoriat,e; and in otlier universities, 
where no adequate fees are allo~ved to the profes'sors 
as a stitnulus to then1 to offer useful and eificier~t 
teacliing, we find tliat tlie teaclii~ig lias passed entire- 
ly out of their hands into those of college tntors and 
lecturers. The fact is, that a satisfactoty relation 
between teacliing and research is on? which will not 
naturally and spontaneously arrange itself. I t  can 
hardly be said to exist in any 12ritisli university or 
college, but tile metbod has been thought ont aiid 
carried into practice in Germa117. Ct consists in giv- 
ing a competent rcsearcher a stipend, and a laboratory 
for liis researell morlr, and then requiring liim to do 
a small a~uoun t  of teaching, retiinnerated by fees 
proportionate to his ability and the pains wllich he 
may take in his teaching. If you pay him a fixed 
sum as a teacher, or artificially insure the attendance 
of his class, instead of letting this part of his income 
vary siln1~1y and directly v i th  the attractiveness of 
liis teacliing, you will find as the result that  (with 
rare exceptions) he mill not give effective and nsefr~l 
teacliing. H e  will naturally tend to do the minimum 
required of liim in a perfnnctory way. 011the other 
hand, if you leave him withoirt stipend as a research- 
er, dependent on tlie fees of pupils for an income, lie 
will give all liis time and energies to teachjng: he n,ill 
cease to do any research, and become, pro tctnto, an 
iriferior teacher. 

A third objection ~vhicli is sometimes made to tlie 
proposition that scientific research milst be support,ed 
and paid for as such, is the follo~ving: it is believed 
by many persons that a man who occupies his best 
energies in scientific researcli can altvays, if he choose, 
rnalie an income by writing popular boolrs or news- 
paper articles in liis spare hours; and, accorclinglg. it 
is grave'ly niaintaioed tliat t,liere is rio need to provide 
stipends, and the nleans of csl.ryingon their worlr, for 
researchers. To do so, according to this view, n.ould 
be to encourage them .in an exc l r~s i~ereticence, and 
lo remove from t h ~ i n  the iriiluceme~~t to address the 
~)nblicon the subject of their researclies, by ~vliich 
the pablic ~ ~ - o u l d  lose valuable i~istrnctioii. 

Thiq view l ~ a s1)eerl serior~sly nrped, or 1 sliould not 
liere riotice it. Any one who is acqnainted with the 
sale of scientific books, and tlie profits viliicli either 



anthoi' or publi.lit=i. ~naltcs by thern, 1tnov;s flint tlle 
s~ggcs t~ionwllirll I have quoted is lrtdicro~~s. The 
~ r i t i n gof a good boolr is not a tlling to be done in 
leislire monlcnts: aiitl stzcll as b a ~ c  beon the resnlt of 
original rese:trch l i a ~ e  cost their authors often years 
of labor, apart froril t11c mere writing. Air. Darwin's 
books? no doubt, h n ~ e  had a large sale; but tliat is 
due to the fact, apart from the ercrpt,ional genins of 
the nlan wlio wrote tlienl, tliat they reprt>senx some 
thirty or rrlore y a r s  of liaril \~-orli, during ~ l i i c h  he  
was silent. Tlicre is riot a sufficieritlg large pithlic 
irlteresteil in tlie progress of scicnce to enable a 
rese:~rcher to ga,i~r aii iricon~eby ~vriting boolis, 
however great llis literary facility. A schoolbook or 
classboolc rnay now ant1 tlien add more or lrss to tlle 
inco~ne of a scientific inr.estigat,or; but h e  1~1io be- 
comes the popolar exponent of scientific icleas, except 
in a very moderatc ant1 lirnitetl degree, l n~ i s t  abando~i 
tIie vorlr of creating new Bilom,leilge. Tiid profes- 
siorlnl l i t tC,*ateu~of science is as mricli renioved 11.r his 
occl~pation front all opportnnity of serious investiga- 
tion as is the profi:ssional teacher who has to con-
sLlnii: all his time in teaching. Any other profeision 
-silch as ' t l ~ e  bill., nzedicine, or the church-is 
mon: liliely to leave one of its folio\vcrs time ant1 
means for scii:l~t,ific researcll than is that  of either 
the pol~11ar m i t e r  or the successful teacher. 

We h a w ,  then, seen that there is no escape from 
the necessity of providing stipends and laboratories 
for tlie pnrpose of c~t=atirig new l;noa~ledge, as is ilonc 
in continental states, if we are agreetl t,hat more of 
this new Itnowleclge is needed, and is among the prod- 
ucts wliich a civilized cou~~lnunity is bonnd to turn 
out, botlt for its own benefit and for tliat of the cum- 
munity of states, which give to and take froin one 
another in sncli nlatters. 

There are sonlo who ~\ronld finally attack our con- 
tention by denying that  new linowlcdge is a goo11 
thing, and by refusing t,o recognize any obligation, on ' 

t,he part of England, to e o r ~ t r i b ~ ~ t e  lier share to that 
cornmoI1 stocli of increasing knowledge by mliicli she 
neressarily profit,~. Among such persoils are those 
who would prohibit altogether the pnrsnit of espcri- 
menlal physiology in England, and get wonld not and 
do not hesitate to avail t,heirisclves uf the sen-ices of 
medical i i ~ e r ~  whose power of rendering those services 
depends on the fact that they have lcarl~ed the results 
obtained by the experiments of plijsiologists in other 
connt~ies  or in former times. I11 reference to this 
strange contempt and even hatreti of science, which 
undoubtedly has an  existence artlong sonle persons 
of consitleration even at  the present day, I hall have 
a few worils to say before colicluiiirlg this addre~s.  I 
have now to asli yon to listen to what beenls to me to 
be tl?e demarld v\.hich n7c should ~nalce, as ~nembers of 
a British nssoci:ttiou for the ad~anccrnent of science, 
in respect of adequate provisiori for tlle creation of 
nem knoll-ledge in the field of biology in 12ngland. 

Taking England alone, as distinct frorrl Scotlanrl 
and Ireland, we require, in order to be approximately 
on n level with Germany, forty new biologicnl insti- 
tutes, dist~ibuted amorig t,he five branches of physi- 
ology, zoiilogy, ariatomy, pttt.liology, ancl botany, -
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forty, in atldition to the fifteen \rhicli we niay reckon 
(l>nliing one place wit11 anotlier) as alrenily existing. 
The average cosr of tile baiitlillgs require4 wonlil be 
ahoar 24,000 for each, giving a toti1.1 initial espencii- 
turc of iGlF0.000; the average cost of stipe~lds for the 
director. assistants, anti ~naintenaticc, me may ealcu- 
lat,e at  21.500 a n n u ~ l l yfor each, or S(30,000 for the 
forty,- equal to a capital snru of '32,000,000. These 
institutes shciultl he ~listribnted in groulls of five-
eight groups in all -tlirougliout tlie coiirlti'y. One 
such gronp woulcl be piaced i ~ t  London (which is at, 
present airliost totally tlestitnte of such arrange-
inents), one in I:risl,ol, one in Birmingllam, one in 
Sottinglia~n, oiic in Leeds, one in N e ~ c a s t ~ l e ,  one in 
Ipswicli, one in C:ardiff: one in Plymouth, -in fact, 
one in each of' the  grezt towns of the kingdom \vliere 
there is a t  prrseiit, or where t,liere might be with ad- 
vanrage, a cmt,re of professional education ant1 high- 
chr stnily. The fir~k and the most 1iberall)- :ar;a~~ged 
of tlsese biological institntes -cmbraciiig it,s five 
branches, each with its special laboratory and qtaE 
-- shoulil be irk 1,ondon. If we can have notliing 
else, surely Jye may demand, with some hope that onr 
request will eventually obtain conlpliance, the for- 
mation in Londo11 of a College of scientific research 
siirlilar to tha t  of Paris ( the  CollBge cle France). It 
is one of the misfortunes and disgraces of Lonclon, 
that, alone amongst tlre capitals of Earope, with the 
exception of Constmitinople, it is destitute of any in- 
stitution corresponding to the nnivcrsities and colleges 
of researcll which exist elsewhere. 

Either i n  corirlection nritli a properl\- organized 
teaching univertity, or as an independent instittttion, 
it serrns to me a prinrary need of the clay tliat the 
government shoalil establish in London laboratories 
for scieritific research. 'I'wo hundred and fifly years 
ago Sir Thonias Gresham founded an iustitutio~i for 
scientific rcsearcl~ in tlie city of Londorl. Tho prop- 
crty ~ h i c h  lie left for tliis purpose is now estimated 
to  be wort11 three millions sterling. 'l'liis property 
was deliberately appropriatecl to other uses, by the 
Corporation of the city of London and the Xercers' 
company, about a linritlred gears since. with the eon- 
sent of both Hoi~ses of Parliament. By this ontra- 
geons act of spoliation these corpot'atioils, who were 
the t,rustees of Gresham, have incurred the curse 
vhich he  quaintly inserted in  his will in the hope of 
~,estminingthem from attemptas to divertllisproperty 
from the uses to ~vllictl lie destined it. 'Cresh:nn's 
curse' runs as folio~vs: " hild tllat I ilo reqr~ire 
and charge the said Corporatiolls ancl chief goverliors 
thereof, with circmnspect Diligence and without long 
I)elay, to procllrc and see to Ire clone and obtained, 
as they will answer tlie same beforc Almighty God; 
(for if they or any of 1.11crn should neglect the obtain- 
ing of sirch Licenses or \Sarrants, \~h ic l11  tmst  cannot 
be ditlicult,, nor so chargeable, but that the overplus 
of 111y Rents ancl Profits of the Premisses hereiiibefore 
to them tlisposeif, will soor1 recompense the same; 
becai~scto soe good Purpose in the Comn~onmealtll, 
no Prince nor Council iii any Age, \\-ill deny or defeat 
the same. And if con\~enientIy by lriy Will or other 
Con\-enience, I might assnrc it., I would not leaye i t  



S C I E N C E .  


to  be done after my death, tlien the same shall revert appropriation of public nlo1iey is c~clzrirll~l n n d e  er;ery 
to my heirs, ~vhereas I do mean the same to the Veccls in Ge;.)?zc&ny. 
Commonwealth, and then T I ~ E  D E ~ A U L T  I think it is well to put the riiatter before yon in TlrEREOF 
SHAT~I,BE TO THE REPROACII this definitc rrianner; because I have reason to believe AND C O N D E A ~ ~ ~ ~ ~ T I O N  
OF TIIE sAln CORPORATIONSSFORE G o n u ) .  I 
confess t l ~ a t  I firrtl it clitkicult to see how the present 
representatives of the corporations n-110 perx-erted 
Gresham's trust are to escape from justly tleserving 
the curse pronounced against those corporation?, 
unless they co~lscientibusly take steps to restore Gre- 
sham's money to its proper uses. Let us hope that 
Gresham's curse may be realized in no more deadly 
form t l ~ a n  tha t  of an act of parliament repealing the 
former one whicli sanctioned the perversion of Gre- 
sham's money-. Such a sequel to the report of the 
com~ilission mllich has recently inquired into the pro- 
ceedings of the corporation and companies of the city 
of London is not unlikely. 

N'hilst we shonld, I think, especially press upon 
public attention the need for an institute of scientific 
research in London, and indicate the source from 
which its funds ]nay be fitly derired, we nlust also 
urge the foundation of other institutes in the prov- 
inces, upon the scale already sketcl.ied; because i t  is 
only by the existence of riunlerous posts, and of a 
series of such posts, --some of greater and some of 
less value, the latter more numerous than the former, 
-that any thing like a professional career for scien- 
tiiic workers can be constructed. I t  is especially 
necessary to constitute what I have termed ' assist-
antships,' that is, junior posts, in mhich younger men 
assist, and are trained by, more experienced men. 
Even in the few institutions which do already exist, 
aclclitional provision of this Bind is ~ r l i a t  is wanted 
more than any thing else, so that there may be a 
progressive career open to the young student, and a 
sufficient field of trained investigators from which to 
select in filling up the ~racancies in more valnable 
positions. 

I an1 well aware that it will be said that the schen~e 
which I have proposed to you is gigantic and almost 
alarming in respect of the amount of rnoney which i t  
demands. One hundred and sixty thonsand pounds 
a year for biology alone must seem, not to my hear- 
ers, but to those who regard biology as an  amusing 
speculation, -that is to say, who Griom little ornoth- 
ing about it, -an extravagant suggestion. Unfortn-
nately, it is also true that snch persons are very 
numerous, - i n  fact, constitute an  ox-ermllelming 
majorit,y of the community; but they are becoming 
less numerous every day. The time vil l  come, it 
seems possible, mhen there mill be more than one 
member of the governmerlt who will understand and 
appreciate the value of scientific research. There are 
already a few members of the I-louse of Corn~ilons 
who are fully alive to its significance and importance. 

We may have to wait for the ex1)enditure of such a 
sum as I have named, and possibly it may be derived 
ulti~nately from local rather than imperial sources, 
though I do not see why it should be; yet I thinlc it 
is a good thing to realize 72020 that this is what we 
ought to  expend in order to be on a level with Ger- 
many. This apparently extravagant and unlieard of 

that eveti those ~vhorn Ire rnight expect to be re11 
iliforrned in regard to such matters are not so, and, 
as a consequence, there is riot that licen sense of t.he 
inferiority and inadecloacy of Englisli arrangements 
in these matters mhich one would gladly see nctnat- 
ing the co~lduct of English statesmen. For ir~stance: 
only a few years ago, when speaking at  Nottingham, 
the present prime-minister, mho has talcen an  active 
part in re-arranging our universities, and has, it is 
well lrnown, much interest in science and learriirig, 
stated that $27,000, the capital sun^ ex~)endedon the 
Nottinghani college of science, was a very illilt?rtant 
contribution to t l ~ e  support of learning in this country, 
amounting, as he said he was able to state from the 
perusal of oficial documents, to as much as one-tliird 
of what mas spent in Germany during the past year 
upon her numerous universities, whic l~  were so often 
held up to England as an example of a well-supported 
acadenlical system. Nom, 1do not think tlint Mr.  
Gladstone can ever have had the opportunity of con- 
sidering the actual facts ~ i t h  regard to German ~u l i -  
versities: for he was ill this instance misled by the 
official return of expenditure on a single university, 
namely, that of Strasburg; the total annual expendi- 
ture oil the tmenty-one German universities being, in 
reality, about SS00,000, by the side of ~ ~ h i c l l  a capital 
sun1 of S27,000 loolrs very small indeed. I canliot but 
beliere, that if the facts were lmo~711 to public men, 
in reference to tlre expenditure incurred by foreign 
states in support of scientific inquiry, they woultl be 
willing to do sometliing in this cowltry of a snflicient 
and statesmanlike character. As it is, the conces- 
sions which have been made in this directioii appear 
to nle to be in some instances not based upon a really 
comprehensive li~iowledge of the situation. Thus, the 
tentative grant of 24,000 a year from the treaaury to 
the Royal society of London appears to n ~ e  not to be 
a well-devised experiment in the promotion of scien- 
tific research by means of grants of money; because 
it is on too srnall a scale to produce any definite eficct, 
and because the iilolley cannot be relied upon from 
year to year as a permanent source of support to any 
serious undertalring. 

The Royal society most l&oriously and conscien- 
tionsly does its best to use this niorieg to tlre satisfac- 
tion of the country, but the task thus assigned t,o it is 
one of almost iris~irmonntablo difticnlty. I n  fact, no 
such miniatnre esperilllents are needed. Tlle experi- 
ment has been ~ n a d e  on a large scale irl Germany, and 
satisfactory results have been obtained. The reasou- 
able course to pursue is to be~~ef i t  by the experience, 
as to details and methods of atlministratiolr, obtained 
in the course of the last sixty years in Germany, arid 
to apply that experience to oar own case. 

It is quite clear that ' the voluntary principle' can 
do little towards the adequate erldomment of scientific 
research, Ancient endowments belonging to the conn- 
try must be applied thereto, or else local or imperial 
taxes must be the source of the necessary support. 



Seeing that the results of research are distinctly of 
imperial and not of local value, i t  1~7onld seem ap- 
propriate that  a portion of tile imperial reveline should 
be devoted to their acbieve~neiit. 111fact, a? I Ii:~ve 
before mentioned, tlie principle of such an  applica- 
tion of public money has long been acimitted, ancl is 
in operation. 

TThilst vnlnlltary dolistions on tht? part of private 
persons can clo litt,le t o  constitute a fun11 wllicl~ shall 
ljrovitle the requisite endo\vrne~it for the schenle of 
biological institutes ~ ~ l i i c h  I have sl~etclred (not  to 
niention those required for other branches of science), 
yet those who are interested in the  progress of scieil-
tific iilvestigation may, by individual cffort, do some- 
t , l~ i~lg ,hot?-ever little, to~vards placitlg restta~ch in a 
Illore pclvarltageous position in t,liis coailtry. Sup-
posi~lg it TTere possible, as I am sarigui~ic e~lougll to 
believe that i t  is, to collect in the course of a gear or 
t vo ,  frorn private sources, a sun1 of 520,000 for the 
maintenance of a biological laborat,ory and staff : it 
would be necessary, in expending so lilnited a smn, 
to aim a t  the provision of solriethi~lg xliich woulrl he 
likely to produce the largest and most obvious resnlts 
in return for the outlay, a l ~ d  lo  benefit the largest 
namber of scientific ol~serrers in this department. 

I believe that it is tlie general opinioll aniong biolo- 
gistst that there coilltl be 110 more generally useful 
institution thus set in operation than a biological 
laboratory upon the seacoast, wliicli, besicles it:: own 
p e r m a n e ~ ~ tstaff of officers, \\-onld throw open its 
resources to sucll natnralists as might from time to 
time be able to devote themselves to researches with- 
in its precirlcts. Tliere is no snch laboratory on the 
whole of the long line of I3ritish coast. At Naples 
there is Dr, Dohr~l's celebrated and i~lvaluable labora-
tory, wllicl~ is frequented by naturalists from all parts 
of the world; at  Trieate, tlie A ~ ~ s t r i a n  government 
supports such a laboratory; at  Concarneau, Roscoff, 
and Villefranche, the E're~ich govenlment has such 
institntioils; a,t Beaufort, in Xort11 Carolina, the 
.Johns IIoplcins uni~ers i ty  has its rtlarine laboratory : 
and at  Newport Professor Alesarltler hgassiz has ar- 
ranged a very perfect institution also for the stntly of 
marine life. I n  spite of the great interest whicl~ Eng- 
lish llatnralists liave always talien in the exploration 
of the sea and marine organisms; in spite of the fact 
that  the success, and even the existence, of our fislier- 
ies industries, to a large extent depend upon o m  gain- 
ing the knowledge ~vhich  a well-organized laboratory 
of marine biology ~voulcl help us to  gain, -there is 
actually 110 such institution in existerrce. 

This is not the occasion on wliicll to explain pre- 
cisely ho~v ,  and to what extent, ,z laboratory of ~liarine 
zoology nlight he of national importance. I hope to 
see that  matter brought before the section during the 
course of oar  rneeting. Bnt I xnay point out nox-, 
t l ~ a t  though i t  appears to nle that the great need for 
biological inst,itutes, to whicl~ I have dram-n 3-our at- 
tention, can not be met by private munificence, and 
must, in the eutl, be arranged for by tlie continnee1 
action of the governn~ent in carryillg o ~ i t  a policy to 
wh!ch it has for many years bee11 committecl, a r ~ d  
vllich has been approyed by conservatives and liberals 
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alilce. pet such a special institation as a laboratory 
of nlarine biology, servirig as a temporary n-orkshop 
to  any and ail of our liumerous s t~~ t i en t s  of the i n -  
port,:ult proljlenrs connected with the life of nlarine 
plants and animals, might 1-ery well be undertaI<erl 
froiri private funds. Should it be possible, on t>he 
occasion of this meeting of tlie British nssociatiorl 
in Sonthport, to o b t a i ~ ~  some 11romise of assistance 
towards tlie realization of this project, I tliink we 
shall he able to congratulate ourselves on ht~ving done 
somethilig, though small, perhaps, in amount, tot?-ards 
111a1citlgbetter provision for biological research, and 
therefore something tou-ards the advancement of 
scie~ice. 

111conclusion, let xne say. tllat, in advocating to-day 
the claim of biological science to a far greater Ineas- 
nre of snpport than it receives at  present from the 
public funds, I liave e~~cieavored to press that claim 
chiefly on the  ground of the obrioiis utility to the 
com~nnnityof that  lii~ld of liilon-ledge IT-11icl1 is called 
biology. I have endeavored i,o meet the opposition 
of tliose nlio object to tlle int.erference of the state, 
wherever it may be possible to attain the end in v i e r  
~vithoutsuch iiiterference, bnt who profess tllernselves 
~~- i l l i ugto see public rnoney expended in p>romoti~lg 
objects ~ h i c l l  are of real importi~ilce to the country, 
aild which cannot be trusted to the voluntary enter- 
prise arising fro111 the operat.ion of the laws of self- 
presel.vxrio11, and the struggle for wealth, There are. 
however, it seems to me, further reasons for desiring 
a thorough and practical recognition by the state of 
t,he value of scientific research. There are not nrant- 
ing persons of some cultivation, who have perceived 
ant1 fully realizecI the ralue of that  knowledge which 
is called science, and of its methods, and yet are 
ailsious to restrain rather than to aid the growth of 
that lrno~vledge. They find in science sonletl~ing 
iiliniical to their own illterests, and a,ccordingly either 
condenin it as dangerous and nntrustworthg, or en- 
coprage t,hernseI\-es to treat it xvitll coutempt by assert- 
ing, that, ' after all, science couilts for very little,' 
-a statement wliich is unllappily true ixr one sense, 
though totally untrne wlieri it is iiltel~decl to signify 
that tlle progress of science is riot a rnatter wliicl~ 
profoundly influences every factor in the well-being 
of the co~nmunity, A~nongst such people there is a 
positire hatred of science, mllich finds expression in 
their exclusion of it, even a t  this day, from the orili- 
nary curriculum of public-scl~ool edi~cai,ion, and ill 
the  baseless: thong11 oft-repeatell calanliiy, that  sci- 
ence is hostile to art, and is responsible for all that  
is Ilalrs11, 11g17, and repulsive in motiern life. To such 
oppone~~csof the advailcement of scieilce it is of 
little use to offer esplai~ations ant1 arguments. But 
we nlay, when we reflect on their il~stinctive hostility, 
and tlie il~isrepresentations of science and tlie scien- 
tific spirit ~ ~ h i c h  it leads them to  disseminate, con-
sole oiuselves by brir~giilg to mind n71tat science 
really is, and what truly is the nature of that calling 
ill which a mail who makes new knowledge is en- 
gaged. 

The!. nloclc a t  the botanist as a pedant, lid the 
zoijlogist as a ~noriornaniac; they execrate the physi- 



ologist as a monster of crnelty, x~ id  brand tlie geolo- 
gist as a blasphemer; chemist~,y is held respollsible 
for tlie ahomillation of aniline dyes and tlle pollution 
of rivers, and physics for the dirt and misery of great 
factory towns. By tllese nnbe1ie~-ers, science is de- 
clared responsible for individual eccentricities of char- 
acter, as well as for tlie sins of the co~nmercial utilizers 
of new knowledge. The pursuit of science is said to 
produce a dearth of ilnagination, iricapability of en-
joying the beauty either of nature or of art, scorn of 
literary culture, arrogance, irreverence, vanity, ancl 
the ambition of personal glorification. 

Snch are the charges, from time to tiale, macle by 
those wlio dislike science; and for such reasom they 
wonld \vitlihold, and persnade others to witlihold, 
the fair measure of support for scientific research 
which this country owes to the conilllunity of civilized 
states. Not in reply to these n~isrepresentations, but 
by way of contrast, I wonld here state what science 
seeins to be to those x h o  are on the other sicle, and 
ho~v ,  therefore, it seems to the111 wrong to delay in 
tloing all that the wealth and power of the state can 
do to prolnote its progress. 

Science is not a name applicable to any one branch 
of knowledge, but includes all knowletlge which is of 
n certain order or scale of completeness. All kllowl- 
edge ~vhich  is deep enough to toncli the causes of 
things is science: all inquiry into the causes of things 
is scientific irlrjl~iry. I t  is not only co-extensive with 
the area of human knol~ledge, but no branch of i t  can 
aclvance far, without reacting upon other branches: 
no del~artmerit of science can be neglected, without 
sootier or later causing a checli to otlier cIeparl,ioents. 
No rllan can truly say this l~ra~ic l iof  science is useful, 
and sliall be cnltivated, whilst this is wortliless, a11c1 
shall be let alone: for all are necessary; and oiie 
grows by tlie aid of siiothcr, and in turn furnislles 
methocls and results assisting ill the progress of that  
from \~-hich i t  lately borrowed. 

We desire the increase alld the support and the 
acceptallce of science, not only because it has a cer-
tain inaterial v a l ~ ~ e ,  and enables men to battle with 
the forces of nature, arlcl to turn the111 lo account so 
as to i~icrei~se both the iutensity ancl the extension of 
healthy hurnari life: that is n gnocl reason, arid for 
some perso~~s ,  BnL thereit may be, the only reason. 
is soniething to be said beyond this. 

The l~ursuit  of scientific discovery, tlie riiaki~lg of, 
new Irt~o~~~leclge, gratifies an  appetite, which, 'from 
mhate\~ercause it may arise, is deelsly seated in man's 
nature, and, indeed, is t,he most distinctive of his prop- 
erties. Alan owes this intense desire to ltno\v the 
nature of things, smothered thoagh it often bc by 
other cravings which he sliares vvitli the brutes, to an 
inherited race-perception, stronger tlian tlie re:lson- 
ing faculty of the inclividual. When once aroused, 
and in a measure gratified, this desire becoines a 
guiding passion. The instinctive tendency to searcb 
out the causes of things, gradnally strengthening as 
generntion after generation of men have stmnbled 
aricl struggled in ignorance, has at  last become an 
active and widely extending force: i t  has given rise 
to a new faith. 

To obey this instinct -that is, to aid in the pro- 
duction of nelr knowledge- is tlie keenest and the 
purest pleasnre of wliich man is capable, greater than 
that clerived from the esercise of his aninial facul- 
ties in proportion as marl's mincl is something greater 
and further developed tlian the ~il ind of brotes. I t  
is in itself an unmixed good, the one thing urhicli 
comnie~lds itself as still ' wort11 while ' when all otlier 
employnie~ltsand delights prove themselves stale and 
unprofitable, 

Arrogant and foolisli as those Inen have appeared, 
who, in times of persecution, ancl in tlie midst of a 
conteiilptnous society, have, with an ardor propor- 
tioned to the prevailing neglect, l)ursued some special 
line of scie~~tific inquiry, it is rievertheless true that 
in itself, apart from special social conditions, science 
rnust develop, in a conilnunity ~vllich honors and de- 
sires it before all things, qualities ant1 characteristics 
-which are the highest, tlie most huruan of h u ~ n a n  
attribatrs. Tliese are, firstly, the fearless love and 
unflinching acceptance of truth;  hopeful patience; 
that true humility wliich is content not to know n ~ h a t  
cannot be known, yet labors and waits; love of Na- 
tare, who is not less, but Illore worshipped by those 
who know her best; love of the lluiilan brotllcrhood, 
for rnllori~ and with wliom the  growth of science is 
desired aild effected. 

No one can trace the limits of science, nor the 
possibilities of happiness, both of mind ancl bocly, 
which it may bring in the ftiture to mn~lkind. Bouncl- 
less though the prospect i., ye1 tlie ininntest contri- 
bution to the onrvaril growth has its absolute anii 
~ulasqailable value, -once made, it call never be lost: 
its effect is forever in the history of nian. 

Arts l~erish, ancl tile noblest ~vorl<s mhicll artists 
give to the world. Art, thong11 the source of great 
:111d noble delights, cannot create nor perpetnate: it 
embodies only that wliich already exists in 1111man 
experience, ~vliilst the results of its highest flights 
are dooiliecl to decay aiicl sterility. A vain regret, a 
constant effort to  elllulate or to imitate the past, is 
the fitting and l a ~ ~ d a b l e  cliaractcristic of art  at  the 
present clay. .There is, i~icleed, 110 truth in the popn- 
lar partition of hurnan affairs between science and 
art as between two antagonibtic or even comparable 
interests; bnt tile contrast mliich they presertt ill 
points such as those just mentioned is forcible. Sci-
ence is essentially creative : new linowledge - tile 
experience and u~iderstandirlg of tllil~gs \vliicil were 
p~,erjio?~ui?/?tor%-esistcntf o ~? ~ I ( L I I ' Si?ttelli(/e?zce-is its 
constant acll iere~ne~it .  zlritl these cre;ttions never 
yerish: the liew is built on, aiid incorl)orates, the old; 
there is no turning back to recover mhat has lapsed 
through age; tlte oldest discovery is even fresher 
than the new, yielding in ever-increasing ~~unnbe r  
new results, in mi-iich it is itself reprodnced and per- 
petuated, as the parent in the child. 

This, then, is the faith which has talien shape in 
proportion as the innate desire of marl for more 
linonrledge 11as asserted itself: namely, that there is 
110 greater good than the illcrease of science; that 
throl~gh i t  all other gootl will follow. Good as sci- 
ence is in itself, the desire and search for it is el-en 
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better: raising Inen above vile things and worthless 
conipetitions, t,o a fuller life and keener enjoyments. 
Throng11 it we believe that man will be saved from 
misery and tlegradatio~l, not merely acquiring new 
material powers, but learning to use and to guide his 
life with understanding. Through science he will be 
freecl from the fetters of superstition. Tlirough faith 
in science lie will acquire a new and enduring delight 
in the exercise of his capacities: lie nil1 gain a zest 
and interest in life such as tlie present phase of cul- 
ture fails to supply. 

I n  opposition to the view that  the gursait of 
science can obtain a strong hold upon human life, it 
nlag be argued, that on no reasonable ground can it 
appear a necessary or advantageous thing to the in- 
dividual man to concern himself with tlie growth 
and progress of that which is merely lilcely to benefit 
the distant posterity of the human race. Our reply 
is, let those who co~ltend for the reasonableness of 
human motives develop, if they can, any theory of 
human conduct in w l ~ i c l ~  reasonable self-interest shall 
be ~ r ~ a n ' s  gaide. We do not contend for any such 
tlieory. By reasoning we may explain and trace the 
dereloplnerit of liilmannature, but we caliriot change 
it by any sucli process. I t  is demonstrably unreason- 
able for the individ~ial mall, guided by self-interest, 
to share the dangers and privation3 of his brother- 
man ; artd yet, in comrnon ~ v i t h  many lo~re r  animals: 
lie has an inherited quality \vhicll lllaltes it a pleas- 
ure to l i i~n  to do so. I t  is nnreasonable for the 
motlicr to protect her offs!rring, and yet it is the natu- 
ral and illlierited quality of ~ilothers to derive pleasure 
frorn doing so. It is uureasoriable for the lialf-
starved poor to aid their wholly-starving brethren; 
and yet such compassion is natural and pleasurable 
to  those who slio~v it: and is the constant rule of life. 
Unreasonable thougll these things are, from the point 
of view of individual self-interest, yet they are done 
becany to do them is pleasurable, to leave theni un-
done a pain. Tile race has, as it were, in these re-
spects, befooled tlie individual, and, in the course of 
evolntion, has planted in liim, in its own interests, 
an irrational capacity for talririg pleasure in doing 
that mhicll 110 reasonilrg in regard to self-interest 
could justify. 11s with these lower and more ~videly 
distributed inslillcts, shared by man ~\, i th SOIUC lower 
social animals, so is it with this higher and Inore pe- 
culiar instinct, -tlic tendency to pursue new lrnowl- 
edge. Whether reaionable or not, it has, by the laws 
of heredity aud selection, become part of as,  and es- 
ists. I ts  operation is beneficial to tlie race. Its grati- 
fication is a source of lteerl pleasrlre to the individual, 
-an  encl in itself. TYe nlay safely count upon i t  as a 
factor in human nature. I t  is in our power to culti- 
vate and develop it, or, on the otlicr Iiand, to starve 
and distort it for a while, though to do so is to ~vaste 
time in opposing the irresistible. 

11s day by day the old-fashioned stimulus 'to tile 
higher life loses tlie dread coritrol wliich it once exer- 
cised over tile thoughts of Inen, tlie pursuit of ~vealtli, 
and the indulge~ice in fruitless gratificatioiis of sense, 
become to an  increasing n~unbe r  tile cliief concerns 
of their xnental life. Sucli occupations fail to satisfy 

the deep desires of humanity: they become weari- 
some and meaningless, so that me hear inen question- 
ing whether life be wort11 living. When the dreams 
arid aspirations of the youtliful world have lost their 
old significance, and their strong power to raise men's 
lives, it will be well for that community wllich has 
organized in time a following of and a reverence for 
an  ideal good, which may serve to lift the national 
mind above the level of sensuality, and to insure a 
belief in the hopefulness and worth of life. The  
faith in science can fill this place. The progress of 
science is an  ideal good, sufficient to exert this great 
inflaerice. 

I t  is for this reason, Inore than any otlier (as it 
seems to those who hold this faith). tha t  the progress 
and diffusion of scientific research, its encourage-
illellt and reverential nurture, should be a chief busi- 
ness of the conlmlmity, whether collectively or indi- 
vidually, a t  the present day. 

NOTES 9 N D  ATEW S .  
I'URRUANTto , the  invitation already noted in 

SCIKNCE,a nniriber of gentlemen met in the library of 
the American museum of natural history in New-Tork 
City, on the 26tll to 28th of September, and founded 
the Arnerican ornithologists' union. The member- 
ship consists of active, foreign, corresponding, and 
associate members. Tlle active rnemhersl~ip is lim- 
ited to fifty residents of the United Stat,es and Can- 
ada; the foreign, to twenty-five' non-residents of the 
United States and Canada; tlie correslronding, to one 
llundred residents of any country; the associate being 
composed of a.lly nunlber of residents of the United 
States and Canada. The officers of the ~u i ion  for the 
current year are, Mr. J. A. Allen, president; Dr. El- 
liott Colies aucl 311.. Robert Ridgway, vice-presidents; 
Dr. C. Hart  Nerriam, secretary and treasurer; IIessrs. 
S. I". Gaircl, George N. La\rrence, H, n'. Ilenshan~, 
and Montagu Chamberlain, councillors, -these l i i~ie 
officers constituting tlie council of the luiion. I)r. 
C o u e ~prcsiderl oyer tlle convention, and continued in 
the chair in the absence of the president. Mr. Allen 
and Professor Baird, \%rho were lulable to be present, 
were aclded to tlie list of fo~undcrs. After tlie dis- 
cussion and a d o p t i o ~ ~  of a constitution, submitted by 
the conin~iitee of organization, and the election of 
oflicers, a large iiuiuher of inenlbers were elected, 
raising tlle active and foreign membership nearly to 
the limit. The work of the union for the present 
year was laid out by the formation of committees, 
appointet-l by the chair, on the subjects of classifica- 
t ion and nomenclature, of tlie distribution and niigra- 
tion of birds, of al-ian anatomy, of oijlopy, and on 
the question of the eligibility or ineligibility of the 
European sparrow in America. The firsl-named com- 
mittee? besides revising tlie current lists of North-
Anierican birds, is espectecl to collsider the snbject 
of zoological nomeiiclature at large; and its labors 
may resnlt in the forination of a code of no~nenc la t~ue  
applicable to otlier dc l?ar tme~~ts  zoijlogy, as wellof 
as to ornithology. I t  consists of JIessrs. LZidg\vay, 
Allen, 13rewstor. ITenslia~v, aiid Cones. 


