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1 5  SCIENCE. 

method of receiving at  6 the ill~u~l~ination of the little 
squares at  A," 

Even this plan appears to have been anticipated 
in one sense tivo years ago, by Mr. J. t.H. Gordon of 
London, ~ v h o  says : 

" I used an electroinagnet consisti~lg of an iron bar 
2 feet 4 inches loag and 2% inclles ill diameter, sur- 
rounded 11)- 7 0  111s. of wire, and excited by ten Grove 
cells. 

The  total cJo/tble rotation ~ ~ r o d u c e d ,  i1v slightlv not 
i 2 2 

altering the resistance, but iyreversing the ctincnt, 
was never more than 26' (t\venty-six lnillutes of 
arc). 

T o  see this a t  all vitll a very delicate Jellett analy- 
zer, it was necessary for the observer to increase the 
sensitiveness of his eye by sitting in total darkness 
for soille tell minutes before each ol~servation. 

Your readers can judge what chance of obtaining 
T-isible changes of illurnlnatio~l there \vould be with 
' little ' magilets and Illere variations in a current not 
i ~ o \ ~ e r f u lenough to f~lse a sele~lium resistance." 

Lastly we ma)- offer an apparatus arranged by Air. 
Middleton of Cambridge, England, ~~-1logives tile 
following account of it :-

u 
 lells is to tllrow a lllalle or suital)ly 
curved receiving plate (inclosed in a camera) the 

n-it11 a somewhat sinlilarly coi~structed plate. Tlle 
heating, kc. ,  effect of the image on the first plate gen- 
crates currents of electricity, \vllicll floTv tllroLlgh the 
n,ire alld reacllillir secolltl tllerllloljile 

plate are rcconizi-ted into beat, k c . ,  according to the 
law discovered ljy Peltier, the nmount of Ileat, k c . ,  
being directly proportional to the mno~lllt of elec-
tricity. 

Moreover, according to the manner in n,hich the 
elelllellts of llle plate are arranged wit11 respect to 
each other, we can get a ' ' or ' negative ' 
(to use tile orclillary l,llraseolog)- of lj~lotograll~~y)llic. 
tLlre secolln receivillg ljlate, sillce 
effect here holds, and the copy of a picture depends 
solely 011 establishillg a constant ratio in the radiant 
heat allcl ligllt wllic~l lloillts of tile 
picture and copy send to tlle eye. 

Furthermore, tllcse iillages call be citllcr viewed 
directly or by reflected light (after the fashion of the 
the japalleselllirrors allti a or 

sensitive paper, so in the eye the nerve currents of tile 
optic nerve probably leave some brain trace on the 
mind." 

I 
I t  will tblus be seen that ~vhile" seeing by tele-

grallh" is not by ally means a new invention, tlle 

i 
principle involved is one flu11 of ii~terest, and as yet 

1 but partiaily developed; in this field of research ample 
scope will be found for those ~volking in this direction 
and valuable results may be anticipated. 
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1 THE COSII?;(; 01; AGE O F  THE OIIIGI?; O F  

I S P E C I E S . '  

Many of you will be familiar with the aspect of this s n ~ a l l  
green-covei-ed book. It is a copy of the first edition of the 
" Origin of Species," ant1 hears the date of its production- 
the first of October, 1859. Only a few months, therefore, 
are needed to conlplete the full tale of twenty-one years 
since its birthday. 

Those whose nlemories carry them back to this time mill 
remember that the infant was remarkably lively, and that a 
great number of excellent persons mistoolr its tnxnifesta- 
tions of a vigorous individuality for mere naughtiness ; in 
fact there wns a veiy pretty turmoil about its cradle. My
recollections of the period are particularly vivid ; for hav- 
ing conceived a tender a f ic t ion  for achild of what appeared 
to rtle to be such remarkable promise, I acted for some 
time in the capacity of a sort of under-nurse, and thus 
came in far illy shate of the storms which threatened even

j the vcrj. l i fe  of creature. For some years i t  was 

forms of opposition died away n s  sooll as tllcy did. 
I speak of this period xs of something past and gone, 

I possessing merely a historical, I liad alnlost said ail anti- 
/ '~uarian, interest. Fol., during the second decade of the ex-

tstence of the " Origin of Species." opposition, though by ,,, assllnled dif irent  aspect, ontile 
, of all those ~ ~ h o  any reason had to respect then~selves, it 

assumed a t h o r o u ~ ~ : l yrespectful character. By this time 
the dullest began to perceive that the child was not likely

I 	 to perish of any congcnital xvcakness or infantile disorder, 
! 	 b u t  growing in to  stalwart upon mhoIn 

mere goody scoldings and t l ~ r ~ a t e ~ ~ ~ ~ ~ g s  with the b i r ~ h - ~ o d  
were cluite thrown a\Tray. 

1 In  f.~ct, those who have matched the progress of scicnce 
1 within the last ten years will bear me out to the full when I 
I assert that there is no field of biological inquiry in mhiclt the 

l,~~,e,ces of the 	 fl is not  traceable :originof species 
foremost men of science in  every coutltry arc either avowed 
champions of i ts  leading doctrines, or at any rate abstain 1 froin opposing them ; a host of young and ardent investiga- 
tors seek for and find inspiration and g u ~ d a n c e  in Ms. Dar-
win's great worl; ; and the general doctrine of Evolution, to 
one sicle of which it gives expression, finds in the phenomena 

1 of biology a fir111 base of operatlolls whence it may conduct 
its concluest of the ~vhole realm of nature. "litable allI'aratus be as a History lvarns us, holvever, that it is the customary fate 

photog~alIh,a therlllograph, or ~ h e l l l i ~ ~ g r a p h ,  of new truths to begin a s  heresies and to end as supersti-the de- 
tails of which will be found in tlle paper alluded to, i tions ; and,  as  matters now stand, it is hardly rash to antici- 
alld of ~vllicll all allstract I lJelieve> .  Isooll a l ~ l ~ e a r  pate that, in another twenty years, the new generation, edu- 

in proceedillgs of CallllJridge Pllilosollllical 
Society. Also, I touclled upoil the method of attack- 
i i ~ g  the problem of photographing ia  colors, alrrl in 
coilclusioil poiilteci out a striking ano1og)- between the 
camera of the instrument and that o f the  humail eye;  I 
the thermo-electric ele~lleilts of the i n s t r ~ i ~ l ~ e ~ ~ t  and the , 
rods and the cones of the eye ; the conductiilg SJ-stem i 
of i~lsulated wires ei l la i la t i l~~ tlle in- from the plate of 
strulllellt ailcl the optic llerve (or ljundle of concluctiilg 1fibres of the eye)--supposiag that as the electric cur- 
rellts ill the ill~t~ulllellts ,effected a registratio11 011 the 

cated under the influences of the present day, will be in 
danger of accepting the main doctrines of the Origin of 
s~~~~~~ as littlewith as little reflection, and i t  may be 
justiicatton, as  so  many of our contemporaries, twentj. 
years ago, rejected them. 

Agai"'t such ' cOnsL1mnlatlOn le t  us  
p ray ;  for the scientific spirit is  of more value than its pro- 
ducts, and  irrationaliy-held truths ma,, be more harmful 
than reasoned errors. Now the essence of the scientific 
spirit is criticism. T +  tells u s  that to whatever doctrine 
claiming our assent, we should reply, take it if You can 
compel it. The struggle for existence holds as much in the 

, * Lecture delivered a t  the Royal Institute, Friday. RIarch rg. 
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intellectual as in the physical world, A theor,? is a species 
of thinking, and its right to exist is coextensive wit11 its 
power of resisting extinction by its rivals. 

From this point of view it appears to me that it mould be 
but a poor way of celebrating the C o ~ n i n g o i g e  of the U r i  
gin of Species were I merely to dwell upon the facts, un- 
doubted and remarkable a s  they are, of  its far-reaching in- 
fluence and of the p e a t  iolloiving of  ardent disciples irlio 
are occupied in spreading and developing its doctrines, 1 
Mere insanities and inanities have before now slvolleii to 
portentous size in the course o f t ~ \ ~ c n t ~ y e a r s .  iLet u s  rather 
ask this prodigiol~s change in opinion to justify itself ; let 
us inquire whether anything bas happened since ~ S j i )which Imill explain, on rationalgrounds, rvhv so many are worship- 
ping that ~vliicli they burned, and bUrning that 1~11icl1 they 
worshipped. I t  is  only in this may that me shall acquir<the 

. 7~ 

And,  in view of the facts of geology, i t  follows that all 
living animals and plants " a r e  the lineal descendants of 
those which lived long before the Silurian epoch." 

It is an obvious consequence of  this theory of Descent 
ivitli iilodification, as  it is sometimes called, that all plants 
and animals, howe.i.er different they map now be, must, at 
one time or olher, have been connected by direct or indirect 
intermediate gradations, and that the appearance of irola-
tion presented by various groups of o!.ganic beings must be 
unreal. 

No part of hlr. Darwin's xvvrli ran more directly counter 
to the prepossessions of naturalists twenty years ago than 
t l~is ..And such prepossessions were very excusable,for t l~ere  
xr-as ~ u ~ ~ d o u b t e d l y  n great deal to be said, at thnt time, in 
i.lvor of the fixity of species a~ i i l  o f  the existence of great 
brenl;~. \vhich there mas no obvious or probable means of 
filliiia up, between various grouils of organic bei~ins.  

For  v,lrious reasons, scientific and unscientific, much 
had been made of tlie hia!us bet\veeu msn a n d  the rest of 
the higher mam:nalia, and it is no wonder that issue was 
first joined on this part of the controversy. I have no 
wish to revive past and happily forgotten controversies, 
hilt I niust state tlie siiiiple fact that tlia distinctions in 
ccrcbral atid otlier characters, wliiclr were so hotly affirmed 
to separate rnan fro111 all otlier a~iirnals it1 ISGO, liave all 
been detnonstratcd to be non-existent, and that the contrary 
doctrilie is cow univer.;aily accepted and tauglit. 

But there were other cases in wl~icli the mitle structunl 
gzps asserted to exist betiieen one group of animals and 
anotliel- xvere bj-11~111cans fictitious; and,\\~lien such structu;il 

means of judging whether the movement me iiavc n-itnessed 
is  a mere eddy of fashion, or truly one wit11 the irreversible 
current of intellectual progress, and, l ike it, s.1fe fro111 retro- 
gressive reaction. 

Every belief is the ~ r o d u c t  of trro factois: tbe first is the 
state of the inind to wliich the evidence in favor of that be- 
lief is presented ; and tile second is tile loglcai cogency of 
the cv~dence  itself. In both tliese respccts tile histor17 of 
biological science during the last twenty years appears to 
me to arrord an ample explanation of the clianye mliicli lias 
talcen place;  and a brief cousidei-atioli of  the salient evelits 
of that liistorj. mill enable u s  to un~lcrstand why, if tlie 
'&Origin of Spccies" appeared row, it \I-ould inert with a 
very diff'erent reception from that rvliich greeted it i n  1859. 

I 

~ 

I 

O:ie-and-twenty years ago, in spite of tliemorli c c m r ~ ~ e n c c d  brealis .sere rcal, Mr. Dar~vin could accoulit for the111 only 
by Hutton,  and continued ~vitli rare sl;ill arid patience by by supposing tliat tlie iilterniediate forms wliich once ex- 
Lyell, the dolninant view of the past liistory of the eart!lx\rr.as isted liad bcco~nc  extinct. In  a remarkable passage he 

i may be wrong, but  I doubt if at  the present time there is 
a single responsible representative of tliese op i~ i ions  left. 
The  progress of scielltific geology has elevated the funds. 
lnental principie of u~iiformitalianlsm, that the explanation 
of the past is  to be  sought in tlie study of tlie present, illto 
the position of a n  axiotn ; arid the. wild speculations of the 
catastrol~liists,to wliicli we all listened mithrespectaquarter  
of  a century ago, mould hardly find a single patient hearer 
at the present day. No physical geologist nor\, dreams of  
scelcing outside the ranges of 1;uown natural causes for tile 
explanation of ~ n y t h i n g  that happened ~ i l i l l io~ls  of years ago, 
any more than he ~f.ould be guilty of tlie like absurdity in 
regard to current events. 

The cllcct of this change ol opinion upon biological specu- ' 
lation is  obvious. For, if there have been no periodical 
general physical catastrop!ies, what brought about the as- 
suined general extinctions and re-creations of life which are 
the corresponding biological catastrophes ? And if no such 
interruptions of the ordinary course of natul-e have taken 
place in tlie organic, anv more than in tlie inorga~lic world, 
what alternative is  there to the atlmissio~i of  Cvolutioti? 

The doctrine of Evolution in Biology is  the necessary re- 1 
suit of the logical application of the principles of uniformi- 
tarianisln to the phenomena of life. Darwin is the natur;il 
successor of Hurton and Lyell, and the Origin of  Species" 
the natural sequence of tlie '. Principles of Geolcgy." 

The f~uidamental  doctrine of the ' (  Origiil of Species," as  
of all fol-ms of the theory of Evolution applied to biology, is 
" that the innumerable species, genera, and families of or- 
ganic beings with which tlie world is peopled have all de- 
scended, each within its own class or gl-oup, from common 
parents, and have all been inodified in  the course of de-
scent." ' 

-- ... .-

I " Origin of Species," e d .  I ,  p. 45;. 

follo\ved a tirade npon this terrible fors:tking o i  the paths 
of " Baconian induction." 

Hut i!ie progress of knoxvleclqe has justified 1\11.. Darwin 
to an cstent  \rhich could hartlly have been anticipated. In 
1862, the specime.~ of A~,~h~~~fiic'i;,:<-, un!il\vIiicli tlie last 
two or three years l ~ a s  reniai~ied ~ ~ n i q u e .  1x7as discoverctl ; 
aocl it is a n  animal wliici?, in its featlicrs and the greater 
p:irt of its organiz:ttion, is  a veritable bird, while, in other 
parts, it is a s  distinctly reptilian. 

In  I S ~ S ,I had the honour of bringing under your notice, 
in tliis theatre, tlie results of investigations made, up to 
that time, into the allatolnicnl characters of certain ancient 
rcp t~ les ,  which showed the nature of the modifications in 
virtae of ivliic?~ tlie type of the qaadrupedal reptile passed 
into that of the bipetial bird ; ancl abundant confirmatory 
evidence of tlie justice of tlie conclusions wliich I then 
laid before )-ou has since come to light. 

In 1S7.5, :lie discoverv of the tootlied birds of tlie cre-
taceous formation in Xorili America, by Prof. hlarsh, com- 
plelecl the series of tr:lnsitionnl forms between birds ancl 
reptiles, ancl reinovcd X r .  Darwin's proposition that 
" inany animal forms of life have been utterly lost, through 
which the early progenitors of birds mere formerly connect- 
ed with tlie early progenitors of the other vertebrate 
classes," fl-om the regton of hypothesis to that of demon-
strable fact. 

In  ~ S j g ,there appeared to be a very sharp and clear 
hiatus betmeen vertebrated and inucrtebrated animals, not 
only in their structure, but, what mas Inore importan,, in 
their development. I do not thinli that we even yet ltnom 
tlie precise links of connection between the two ; but the 
investigations of 1iowalemsl;y and others upon the develop- 

r " Origin of Spcc,ies," e d ,  I ,  p. 458. 
2 " Origiir of Species," cd. I ,  11. 431. 
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ment of /lii@.pii0~2t.~ the b e ~ - c n d  a and  of Tz~izicniir prove 
doubt that thc  differci~ces \vhich were supposed to  consti- 
tute a barrier betrveen the two are non-existent. There is 
no louqer any cliilicnlty in  understanding how the verte-
brate type may have arisen from the invertebrate, though 
tlie full proof of the manner  in mhich the transition was ac- 
tually effected may still belacking.  

Again, in  1659, there appeared to be a no  less sharp 
separation betrveen the two great groups of flolvering and 
tlo~vcrless plants. I t  is only s~~bscc juen t ly  the  selies that 
of remar1:able investigations inaugurated by IIofnlcister 
h a s  b ~ ~ ~ u g l i tto light tlie extraordinary and  altogether unes -  
pected modifications of tlie reproductive apparatus in  the 

all other lcnown Tertiary deposits put together;  and  J-et, 
with the except io~i  of the case of tlie ArnericanTertiaries, 
these iiiuestipations have extended over very limited areas, 
aild at Pilterini were confined to  an extremely small space. 

Such appear  to me to be the chiet events in the history 
of the progress of knowledge, during the last twenty years, 
which account for the changed feeling with which the 
tloctrine of Evolution is at present regarded by tliose who 
have follo~vetl the advance of biological science in respect 
of tliose prohlcrns which hear indirectly upon  that doctrine. 

But  all this r e ~ n a i i ~ s  secondary evidence. I t  may mere 
rrinove dissent, but it docs nor coinpel assent. Primary 
and clilect evidence in favor of Evolution can be  furnished 

i,ysopo~lincrcz, the Riii;ozn~prir, and C;~,i;ri~osjeri;i~,i~~.only by pa1;~ontolog~-.  T h e  peologica1 record, so soon as  the by 
which the ferns and  the mosses are  gl-adually coilnected 
.,vi~lithe P l~ancrogamic  division of tile vegetable woild. 

So, again, it is only since rSjg that we liave acquired 
that wealth of 1;nowledge of the lomest forms of life which 
cienlonstrates the futility of any a t t e in l~ t  to scpai.aie the 
lowest plants  froin the lowest animals, and  shows that the 
two binpdoms of living nature have a common borderland 
wl~iclibelongs to both or to neither. 

Thus  it will be observed that the mhole tendericy of bio-
logical ii~vestigation since 1S59has 1)een in the direction of 
rc:noving the d~lIicultics which the apparent bren1;s 
in the series created at  that time ; and the rccogiiition 
of gradation is the first step tomards tlie acceptance of 
evolution. 

. is  another great factor in bringing about the change of 
opinion which has taken place ainong naturalists, I count 
the ;~s ton i s l~ ing  progress which has  been tilade in the study 
of embryology. Twenty years ago, not only were we de-
void of any accurate k n o ~ \ ~ l e d g c  of the mode of devclopincnt 
of rnany groups of anirnals and  plants, but the methods of 
investigation were rude and  imperfect. ;It the present 
time there is no  important group of ~ r g a i l i c  beings the dc- 
velopmeilt of \vhichl~as not been carefully s tudied,  and  the 
modern methods of 11ardeni;-lg and  section-making 
cnable the en~brj-ologist to deterinine tile na ta re  of 
the process in each case, with a c!egree of ininuteness 
and accuracy which is truly astonishing to tl?ose 
\\,hose memories  carrj- theill back to tho beginnings 
oi modern h~stology.  A n d  the results of these embryo- 
logical investigntions are in complete harmony with the 
requirements of the doctrine of evoiution. T h e  first begin- 
nings of all the higher forms of anirnal life are similar, and  
however diverse their adul t  conditions, they start f r ~ ma 
common foundation. AIoreovcr the process oi develop- 
meut of the animal or the plant from its primary egg or  
germ is a true process of evolution-a process froin allnost 
fo r~n lessto more or Icss highly organized matter, in virtue 
of the properties inherent in that matter. 

T o  those who are familiar ~ v i t h  the process of develop- 
ment all r i  j,,ioi-i objections to the doctrine of biological 
evolution appear childish. :lily one who has  matched the 
gradual forniation of a complicated animal from thc pro- 
toplasmic mass which constitutes the essential clement of 
a frog's or a lien's egg has  had iunder his  eyes suilicicnt 
evidence that a similar evolution of the animal \vorld frorn 
the l ike foundation is, a t  any rate, possible. 

Yet another product of investigation has  largely coil-
tributed to the removal of the objections to the tloctrine of 
Evolution culrcnt in rSjg. I t  is the proof afforded by 
successive discovel.ies that hIi-. Darwin did not ovcrest in~atc ,

' the iinpcrfection of the geological record. X o  Inore strilc- 
i n %  illustration of this is needed tliail a con~par i son  of our  
l;no\vlcdge of the mamninlian faillla of the Tertiary epoch 
in 1839~ % - ~ t l iits present co~idition. 31. Gaudry's researches 
on the fossils of P i i c e r ~ ~ ~ i  publislied in ~868,were tliose of 

AIessrs. Lridy,  Marsh, and Cop6 on  the fossils of the 

\Vestern Territol-ies of America, liave appeared allnost 

rvliolly- since 1670 ; tliose of 11. Filliol, 011 tlie phosphorites 

~t auci-cy, iii 187s. T h e  general ciiect of these inrestiza- 

11011s 1135 been to introduce us  to a of extinct 
l n u l t i t ~ ~ d e  

:~nirnals, ;he cx i s fc~ lce  of which was prex-iously hardly 

suspected ; just as if zoologists mere to become aquainted 

with a country, hitilerto u~il;no\v~i, a s  rich in novel forms of 

life, a s  Brazil or South Xfi-ica once \\,ere to Europeans. 

Indeed the fossil fauna of the Western Territories of 


i t  approaches con~pleteness ,  must ,  \vhen properly ques-
tioiiecl, yield either an aiiirniative or negative answer ; 
if evolution has taken place, there will i ts  mark be  lef t ;  if 
it has  not taken place, there ~v i l l  lie i ts  refntation. 

JVhat was the state of matters in 18jg? Let u s  hear 
hlr.  Darwin, who may- b- trusted always to s tate  the case 
gain st himself a s  strongly as  possible. 

" O n  this doctrine ot the extermination of an infinitude 
of conncctiilg Iitlks between the living and  extinct inhabi- 
tants  of the world, and  at each successive period between 
the extinct and still older species, \vhy is not every- geo- 
logical formation charged \\,it11 such l i n k s ?  \T7hy does  
not every collection of fossil remains aflord plain evidence 
of the gradation and  mutation of the forms of life? W e  
lneet with no  such evidence, and t!lis is the most obvious 
and plausible of tile many objections mhich may be urged 
against 111). theorv." ' 

Nothing could have been more useful to the opposition 
than this cliaractcristically candid avowal, twisted as  i t  
irnniediatclj- \\,as into a n  admission that the writer's views 
were contradicted by the facts of palzeontoyy. But ,  
in  fact, hIr. Darwin made no such admission. What  h e  
says in effect is, not that palzeontological evidence is against 
him, but  that it i s  not distinctly in his favor ; and  without 
attempting to attenuate the fact, he accounts for it by the 
scantiness and  the imperfection of that evidence. 

\'?hat is the state of the case now, ~ v h e n ,  a s  we have 
seen, the anlount of our knowledge respecting the main- 
~ n a l i a  of the Tertiary epoch is increased fifty-fold, and  in 
some directions even ap l~roaches  completeness? 

Simply this, that if the doctrine of Evolu t io~ i  has  nor 
existed p a l ~ o n t o l o g i s t s  must have invented it, so irresist- 
ibly is i t  forcec! upon  the niind by the study of the remains 
of the Tertiary mamr:?alia mhicli have been brought to  
light since 1859; 

Xrnong tlie rossils of Pil<ern?i, Gaudry found the suc-
cessive stages by \\~hich the ancient civets passed into the 
more nod ern h y s n a s  ; through the Tertiary deposi ts  of 
Tl'estern America, Alarsh traclced the successive forms by 
which the ancient stock of tlie horse has passed in to  i ts  
present form ; and  innutncrable less  corllplete indications 
of thc mode of evolution of other groups of tlie higher 
~natnmalia  have been obtained. 

I n  the remarl<able nicnioir on  the Phosphorites of 
Quercy, to 1%-liichI have referred, 31. Filliol describes no 
icwer than seventeen varieties of the genus  Cj,izoiZictis, 
which fill u p  all tlie iiitcrral betrveen the viverine animals 
and  tlie bear-like dog  .-l;:ijLi~;~,oir;nor d o  I kno\v any 
solid grouud of objection to the supposition that in  this 
C ~ ~ i t u d c t i s - A ~ i i ~ ~ h i c ~ ~ o i rwe have tlie stock whencegi-oup 
all the TTiveridze, Fel ia:~,  l I p ~ i i i d ~ ~ ,  C a n i d z ,  and  perhaps 
the Procyonid :~  and  U r s i d z ,  of tlie present fauna have 
been evolved, 011 the contrary, there i s  a great deal to be 
said in i ts  favor. 

I n  tlie course of suninling u p  his  results, hI. Fiihol 
observes?-

" During the epoch of the phosphorites, great changcs 
took place in animal forms, and  almost the same types a s  
those which now exist became defined from one another. 

Under  the inflx~encc of natural conditions of which we 
have no  esact  l i~iowledge,  though traces of tkem are 
discoverable, species have been modified in a thousand 
ways :  races have arisen mhich, becoming fixed, have 

( C O ? ~ C ? ? C ~ ? L ~ ~20.)012 pn,,r~> 
~- .  . . . 

America bids fair to exceed in 'nterest and i ~ n p o r t a n ~ e  I "Origin of Specirs. ed .  I. 11. 4 6 1  

z T h i s  passage was umittecl i l l  the delivery of the lecture. 
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thus  produced a corresponding nuruber of secondary 
species." 

I n  1859, language ot ~vh ich  this is a n  unilltclltional 
paraphrase, occurring in the " Origin of Species," was 
scouted a s  ivild speculation ; at present, it is a sober State- 
ment  of tile conclusions to wl1ic11 an acnte and criticrllv-
ininded investigator is led b r  iarge and patient s tudy of 
the facts of p a l w o n t o l o ~ r .  I venture to repeat ~ r h a tI 
have szid before, that, s o  f;tr a s  the animal nporld i s  con-
cerned, Evolution is no l o l ~ g e ra s p c c ~ ~ l a t i o n ,  but  a statc- 
merit of historical fact. I t  talces ~ t splace a lo~ lgs idc  oi 
those accepted t ruths  which must be taken into account by 
pljilosophtrs of all scl~ools .  

r h u s  when, on the first day of Octobei- next, the '' Origin 
of S;,eciesn comes of agc, the promise of its youth ~v i l l  be 

1 individual. nr, id^ ,%.ell all,jproperlJ- i l l  h is  
I paper (Joitrizlrl o,i'. i'h Ciieiitirnl .Soc,cii,i;,, Jan. ,  1879) : " I am 

the public hoiic talcen note and /r,.c taking note of 
cllelllists' dirferellces, alld distrust our  worl; accordinglj-, 

Illdeed is their distrust to be rvolldcred at,  deeply as  it 
iqen ,,;,e I ~ , , , ~ , , + P ~ I.- ^ .....l...-... 

In  Dr.  F ~ a n l t l a n d ' s  bool; ive find stated, in a cotnpact 
and  convenieilt forni, the rcquircn~ents  of a water analysis, 
and in an appendix examples of typical analyses. H e  be- 
gins  by pointing out  the fact that complete and  ultimate 
analyses are by 110 means  called for in ordinary cases. H e  
~ o l n t s  out the unimportance, in a sanitar). sense,  of tlie 
dissolved gases, ,vhich vary bu t  little in waters of very dif- 
ferent Itinds, and of ~vh ich  the presence of a smaller or 
larger quantity does not affect the goodness of the water ; 
the  difference, in fact, 11-ing chiefly in tlic quantity of car-
bonic acid. T h e  separate estimatiou ot the quantitj- of 
each of the sa l i l :~  nlatters and  of each organic consiituent 
of the suspended matters, may in l ike manner, a ~ i d  for the 
s a n l e r e a s o ~ ~ ,  T h e  processes adupted to deter- be  omitted. 
mine the cjum~tities of inorganic solids, the a m n ~ o n i a ,  the 
clilorine, the nature of the hardening ingredients, and  tlie 
presence of poisonous metals, if any, arc  those which are  
really iluportant, and  a knowledge of them and  of tlie 
amount  of nitrates, and  lastly, but of chief iniportancc, the 
m ~ a n sof estiinating approximately the proportion of the 
orgamc elerncnts in a sample of water, arc  the objects of 
svh~ch attention is rcallv required, and to the elucidation to 
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amply fulfilled ; and  we shall be prepared to cong~a tu la te  1 
the venerated author  of the book,  not only that the great- 
ness of his achicvement and  its enduriuy inlluence upon 
the progress of ltnorvledgc have \>-on 11im a place beside 1 
our I-Sarver ; bur, still more, that, liltc Harr-ti!-, he has  livecl 1 
long enough to outlast detract io~i  arid opposition, aucl to 
see tile s tone tliat the builders rejected become thc he~.cl- 
stonc: of the corner. 
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convenie l l t  wl~icli thc v o l u ~ n e  i s  dbdicated. Professor Frankland con- ~l~~ reccllt l ~ l l ~ l i c n t i o nof nr. ~ ~ ~ ~ ~ l ; l ~ ~ ~ d ~ ~ 
s iders  that there is no  pl-ocess, short of the actual cornbus- 

little r o l ~ i i n e  on  this subject ;;"he impouiant ille~lloii- by Dr. t lon  of tile organic lnat tcr  ill water, n,hich aEords 
T idy  rend rulcl discussed last year before the (~hemica l  t l , o r o u g l l ~trustIvorthy evidence of the organ ic  and 
Society, and published in its Jo~tl,i:nl;\ and the r o l ~ ~ m e  nitrogen, and of the fitness or  othermisc of the sarnple for 
pLlblished a. lollg ago ns ISGS,alld l lo~v  aljpcnrin,?: in a dietetic purposes. Tl1e"ignition" and  " albumelloid am- 

monia"  he ~ n c r e l y  tnentions, and evidently disregards. 
edition, 11)- Professor \\;nnlilyn and llr Chapman,.: in ~ v l ~ i c h  The former is described by Dr.  i n  lllemoir, and h e  
Dr.  Fran1;land's title rvris anticipateti, contnini the literature 
of n sul>iect \vl~ich h a i  of late rea r s  a:;suinctl extreine i n -  
port:ulce, but  concerning whicll tliere is a haze of niystcij-
and obscurity that assuretlly ought not to exist.  I t  is cer- 
tainly very much to be regretted that there is no comln9n 
and  recognized metliod of procedure in this department of 
c l~e~nist i -y,but  it is alillost discetlitrible that not onlj- are the 
results uf analyses given in discordallt che~nical  expreszions, 
but  e\-en tlie figures are not in the saille terms, so that a 
cornparison of results is iinpossible \~- i thout  performing an 
ai-ith~netical operaton. So loilp as oile cllelnist expresses 
his  results in roo-~oooth parts, another in grains per gallon, 
ailcl a third in milligrammes, or parts in a million ; while 
one  estinlates ammonia as a total, another scparaics free 
from o r ~ a n i c  ammonia, and the third regards the qumitity 

considers it is llot satisfactory, as failing to sllow that, in 
carrying out the process-[I) no  orgarlic matter is lost,  ( 2 )  
tliat all-the organic matter  is burnt off, and (3) tliat no  or-
~ a n i cinattcr is added.  Not\vithstanding t l ~ i s ,  h e  adopts  it 
in the analysis of sewerage, and  thinks that i11 some respects 

I i t  may be indicative, aud  suggestive in other cases. T h e  
ammonia process, described by Mr. TVanklyn a s  " a sort of , combustion process, with atnmonia for lhe ultimate pro-
clr~ct." has  for its object the cornparative deternlination of 
the nitrogenous organic matter by the quantity of ammonia 
~ ie lc led  by tile clestructioll of tlie organic matter, this quan-  
tity being callecl " albumenoid ammonia." (\Tanltlyn'si 	 1; TVater Xrlalysis," 5th Ed., p. 31.) Dr. Tidyl ias  considered , 
in detail tlie advantages and  disadvantages of this method  
and  has  given some remarkable illustrations of i t s  failure 
in important cases. H e  points out tlie rery important fact 
that the quantity of albuilicnoid aininonia in peaty mater is 

it has  beenof ivllat is c:illcd albun~enoicl a n ~ ~ n o n i a  :is of \-ital i~n:~ort- very large, a l t h o ~ ~ g l i  never proved that such 
tancc ; while one adopts the conlbustion or evaporation 
~l lethod to determine thc actual quantity of organic contents 
of water, and another accepts the permangannte metllocl to 
disco\-er the O S J . ~ ~ ~t luant i t j  of rctluircd to o x i d i ~ e  the 
or2,lnic matter present ; it is evident that the comparison of 
analysesanifected by the pupils of tlie 1-arious schools cannot 
be satisfnctory or conclusive, because they canilot be com- 
pared. Surely the time has come when methocls of annlysis 
giving the quantity of organic carbon and nitrogen and its 
condition or history in sotlle in te l l i~ ib le  form, the quantity 
of nitrogen as nitrates, the quantity of chloriue, and the 
l~nrclness, in similar term.;, should be so far agreed upon 
tllnt I-cqults cat1 be compared, and  those ivho arc not chem- 
ists mill tlleil be able to form some opinion as  to facts. ;Ve 
i~el ievcall our  most dis t inguisl~ed clielllists \roulcl agl-ee that 
this is possil~le. I t  o11l~- needs that each should give way ill 
sonle matters that are not essetltinl, bu t  rnther belong to the 

~~ 	 ~ 

'; " 	 FI in~s\Vatel .\nalysis for Sanitar3- Purposes, \ ~ , t i ~  for the Interpre- 
tation of Results." !3y E. I'rankland, I'll.U., F. K ,  i.,&c. ! , ~ n ~ l o n :  
Van Vuorst. 1880. 

" T h e  Processes for Determining the Orzanic Par i ty  ~f I'otable 
IVaters." U y  C. \Ieymott T idy ,  l\i.!3. ' J>z i ; . i i r r i t~ ih i( ,'reniiLnlS;lcii,tj', 
Jan., 137g. 

* "TVoter Analysis : a I'ractical 'l'reatire on the Examination of I'otable 
\~;ier." Hy J. .11fred~5rank1gn \I.II.C.S., and E ~ , h ~~ ~ c h a p -
man. London : l 'hriihner & ~ b :Fifth Edition. 18711. 

ivatel- is in any sense in ju r ious ;  :incl, on the other hand,  
that in waters regarded by Mr. IVanlrlyn a s  exceedingly 

, 	 bad,  the albuinenoid an ln~onia  is allnost I ? ; / .  For these 
reasons apparently, as he clt~otcs Dr.  Tidy 's  paper and 
gives no otlier reference, Dr. Fran!;land rejects tliem. 

I n  the cornixencerncnt of this work ,  following 31s.I \Vanlrljn in this, Dr.  FI-anlclind describes the prelialinarj- 
co~lsidcrat ions in water sampling, tile quantity required, and  
the tests  that should be applied to determine tlie presence 
of mineral poisons, tlic nature of refuse froin manufactures, 
the action on  sort lead, a n d  the cause of tul-bidity. Having  
thus openetl the subject, he proceeds to sliow in what way i the total solicls i11 solutio11 criq be best determined. T o  
determine the organic contents, he prefers the co~nbus t ion  
method. H e  descl-ibes the precautions required in eva-
poration, and believes that " t h e  proportion of solid residue 
left 011 evaporat io~l  affords a n  approximate, though some- 
what 1-ouyh indicat io~l  of the comparative purity of water." 
This ,  no  doubt ,  is true i11 a certain sense, although it must  

i not be  concluded that waters showing a large residue are  
: necessarily bad. I t  is with rvatel- a s  with Inany other t l i i~lgs ,  ' me nus st be content with the best w e  can obtain under  exist- 

ing circumstances, and  absolute vuritv is ~lract ical lv  
unobtainable. X tolerably good r ive imat i r  a t  hand is often 

~~better than deep well ~ ~ ~ hwater ~ ~ ~or  l ake  water from a distance, 
though theoretically superior. 


