
'!i 8and 
name of the Oneida tribe differs oil 1713. 22 

Before leaving this interesti~ig rui)-
jcct, \Ire nonlcl call attention t o  imte 5 on 
1'. 147 : I t  is  c l e ~ e r ~  <' ing of notice, tlint tire 
titles of clanship used in thc. language of' cci c- 
molij- are not cle~ivecl from the ordiiinry nalllcs 
of the anillla15 which give tlie c ln~is  their dwiq-  
nations. Okwalbo is n o l f ;  ' but a nlari of tlie 
wolf clan is cnllecl ' Tnhtoiivi.' " Tile siiiil~le 
explanation is. that ,  in both the Seneca :~,licl 
Oneida, Tui-hyo-ni ' i s  the llanle of tliut ani- 
mal. One might be tempted to theorize 11pon 
this ; but so rnnch is 3 e t  to  be leainetl regard- 
ing  thi5 intermingling, r e t c n t i o ~ ~ .  arid coilling 
of words, that for the present ~ v e  h a r e  hut t o  
collate facts which can oirly be clearly eu-
plairied or nnderstoo~l by a more fnll a ~ l d  com-
plete comparison of tile Iroquois dialects tliali 
has  heretofore heerl obtaiil:rble. 

T h e  chapter eiltitlecl the ' IJook of rites ' es -
plains its origin and chmacter,  ilie 111a111ler of 
its discovery by Jar. Hale, m ~ dthe character 
of the Ir~clians ill nhose possession it n a5 
f'o~und. Tha t  it  is a gerlnine Inclian protluc-
tion there can be no manner of' t loubt; :rnd 
N r .  Hale's collclilsions concerning its age a l e  
in  a11 piobability correct. 

The  Book of rites coinprises the speeches, 
songs. and other cc~reinonies, nl~icl i .  fioin the 
earliest period of the  confccle~acy. :we sup-
posed to have composer1 the procecc1111gs of 
.their council nlien a d'censeil chief was 1:1-
mented, nncl his successor ilistallctl illto office. 
The  frnldame~~tal  lams of tllc le:igue, a list of 
their ancient t o \ ~ n s .  and tlie 1i:llnes of the 

The evidence for evolution in the history of 
the extinct Mamnlalia." 

TIIEsubject to which I wish to call your attention 
this morning requires neither preface not. apology, as 
it is one with the discussion of which go11 are perfectly 
familiar. N y  object in bringing it before tile gelieral 
session of the associatiori was irl view of the fact 
that you were all faniiliar with it in a ger~eral way, 
aritl that  i t  probably interests the 1ne1rlhe1.s of sec-
tions which do not pursue the special branch to ~vbicll 
it refers, as well as those which do; also, since it has 
been brought before us in various public aildresses 
for many years, during the meetings of this associa- 
tion, I thought it lniglit be well to be intrirduced a t  
this meeting of this association, in order that we ri~igllt 

I A lecture given in genernl .~ession, .lug. 20, 1883. iiieno. 

grilphically reporwd fur McrExce. 


cl~iefs who constitutcd their first council, a11 
ci~ai~tecl  :ire also co~nprisecl in a kintl of lit:lny, 
ill the collectio~i. Thcsc coutents are  saitl l o  
I ~ x r eIleell prcservetl in t,he Illelnor!- for 1n:Iny 
gciln.::tions, ancl were written clo~vn hy desire of 
t,lle cliiefk n-licn their l n t ~ g i ~ a g e  was first retliicecl 
to writi~rg. l'his ina~~i~scri l ) t ; .tile original o f  
nhicii 11xd ?)cell lost, Mr. I ia le  lias, ~ ~ i t h  the  
most coiiipetent hlolin~vli assistants, tl~anslntecl 
illto I':uglisll, and d r a ~ v ~ l  froin it  most iuterent- 
iilg conclnsions regarding tlie eli:~rnctor nlld 
l~olicy of the Iroquois tribes, quite tlis.;i~nilar 
from those generally accepted. Tllu tr:~nsl:~- 
tioli, notes, :ind glossary esliibit tlie n~orlc of a 
carefi~l stnilent. I n  the free tra11sl:ttion Yell-
tiered by 31r. EInle t o  the songs, lie lias given 
t l i e~n  a lnetre alinost s i~ggest ing the l ~ e c t ~ l i a r  
il~elocly~1~11ic11, in i l ~ e  origi11:ll 3lo11nmk~ 11-as 
l)i,odoceci by iiltonatio~is; for it must be re-
rneuilbered, that  it is  one orator wllo 1111rst un- 
t i r i ~ ~ g l ycontiniie to sing and ellant, so~netiilles 
for t~~ivclity-four hours ; aucl only by 1,arjing 
his liej-note is he aide to  accomplisl~ t l ~ i s  
feat. 

A 'oooIi rrhich is  as s n g g e s t i ~ c  as  this ~ n n s t  
bem good fruit. W e  haye callctl the attention 
of our readers to rnaliy clisputccl p o i ~ ~ t s  ill tile 
hope of nmalzcnii~g a spirit of i i iqa iy  111)ou 
si1I;jects of such 1-it:~l importance, mall). of 
wlrich are here prese~itetl fhr tile first time. 
I r e  feel nssnrctl that  tile hopes of the :~ i~ t l lo r  
regnrilitig it  ill be fully realized, aiid that  
strldents of i ~ i s t o r j  alltl of the science of m:tn 
will licre filltl new ~rlaterial of' p c r ~ n a n e ~ l l  in-
terest and v:llne. 

not omit to lixvc all the sides of this interesting ques- 
tion presented. 

Tile iliterests which are ir~rolved in it are large: 
thcy are chiefly, however, of a rnerital arld metnpliysi- 
cal cl~aracter;  t l~ey  do not refer so much to indr~strial 
and practical interests, lior do they involve cluestions 
of applied science. Tlley involve, Iiowerer, qnes- 
tions of opinion, questiolls of belief, questiolis which 
aeect hunlarl Ilappiness, I venture to say, even more 
thali rlrlestions of applied science; certainly, wliich 
affect the iiappiness of tlie higher gades  of lr~erl a11d 
wotneri Illore that] foot1 or clothing, becausc they re- 
1at.e to the states of our mind, explainixig as they do 
the reasons of our relations to our fellow-heiligs, atrd 
to all things by which we are surromidetl, and the 
general system of the forces by wllic11 rve are sur-
ro~uiderl. So  it has always appeared to 171e: 11ence I 
1i:rve selected the rleparTtnent of biology, ant1 have 
talien a great interest ill this aspect of it. 
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The doctrine of evoll~tion, a4 taught 117 the.biolo- was science of Ta w l ~ i c l ~  ha(1 no conception, and 
gists of to-day, ha4 several staqes as gronntls or parts tliat was this remarliable reproduction of types one 
of iLs l~resrrlt:~tion. First, the foundatio~i principle after another in succession. After a rnan has had 
is this: Tliat tlie species of animals and of plants, this idea thorougllly assimilated by 11is honest ancl 
the species of organic beings, as well as the ~rarious conscie~itious studies, he will be again struclr mith an- 
~rittur'tl clirision.; into wllicll these organic beings other class of facts. I-Ie will find, not unfreqnently, 
fall, 1i:tve ilot a l ~ a y s  been as we see thein to-day, that this doct.ririe does not apply. EIe will find a series 
but they have been prorlnceil by a process of change of facts ~vliicll sllolv t l ~ a t  rnany individuals fail to coin- 
wllich 11:~s progrersetl frorn age to a:e tlit.ouqll the cide with their fellows precisely, the most remarkable 
influence of natural lams; that, therefore, tlie &e- variatiorls and tlie most rerna.rliable half-way attitudes 
cie* mliicli rlow exist are the descendants of other and double-sided aspects occurring; and he mill corne 
species ~vliicll have exist,ed lieretofore, by tho ordinary to tlle ciinc:liisiort, sfloner or lalr!r, tllat like docs 
processes of re[~rocI?~ctiorl; and that all the vnrious not produce like wit,ll the same precision aricl fitlelity 
stl,nctnres of orgniiic be i~~g* ,  mlliclr inake tlic:m w h ~ t  mith which he had supposed it did. So that we have 
tllcy are, and wl~icli compel thern LO act as they now these two c1;rsses of facts, --tllc? one relating lo, alld 
act, are the result of gradaltl or sndclen rriociifications expressing, tlie law of heredity; tlle other, \vllicli 
anti c:hanges during tlie ~eriocls of geologic tiine. expresses the law of tnetamorphosis. I sho~lld not 
That is t,lle first pl~ase or aspect nrhich meets the like to say which class of facts is tlie most Iiunler- 
rlat,~ualistor biologist. oosly preseilted to the student. 111tlle pre>ent, fauna 

hnother plla.;e of tlie question relates to the o r i g i ~ ~  we find many g~.oups of species and varieties before 
itself of that lito ~vliich is supposetl to inhabit or us ;  but how ~ n n n y  species we have, llolv rriany genera 
pr3sse.s organic beings. Tilere is an hypotllesis of we Ilnve, arid fanlilies, we cannot definitely state. The 
e~olut~ionwhich derives this life from nu-life, which more precise anil exact a person is in liis definit,iorl 
dri,ires vitality from non-vitality. T11:tt is a ~ ~ o t l i e r  and in liis an:~lysis, the nrore definite his science be- 
hrnncli of the subject, to ~vhicli I cannot devote rrlucll 
altentiou to-clay. Tilere is still a~iotlier del~artmeut 
of tilt: subject, which relates to the origin of rnintl, 
a1111 which tlerivcs the mental org;~nization of the 
h ig l~er  anin~als, e~pecially of man, from pre-existent 
t y ) r s  of ment;tt organiz:ltior]. This gives us a gene-
alogy of mind, a history of the production or creation 
of ~u ind ,  as it is ~ i o w  prcscnteil in its rnore cornplex 
aspects as a functiorl of tlie h u n ~ a n  hraill. Ttiis 
aspect of tlie subject is, of course, inter~sting; and 
U P O I L  th:tt I call toucil wit11 trlore coi~ficletice than 
upo~ i  t,he qurstio~i of the origin of lifc. 

Cornitig now to the question of the origin of 
structirres, we have by this time accuriiulated a vast 
11~11nl)erof facts wllich llave been collated by lnbo- 
riolrs and faithful worl~ers, in many corultrics ancl 
durirlg many years; so tliat we can speak witli a 
good (leal of confitlence on this subject also. As to 
the pl~enornena .cvllich meet the st,ndent of zoijlogy 
ancl botany at every turn, I woultl merely repeat, wliat 
every one lcnows, --alld I beg pardon of nly biological 
friends for telling tlleln a few well-linomn t r n t h ~ ,  fur 
tllere inay be tl~ose present who are not in the biolo- 
gical section, --the plienomena wliic1i meet the stu- 
dent of biology corrie under t v o  leading classes: the 
one is the re~narltable fitlelity of specicts in reproda- 
i n  t  i  i l e  Lilie produces like,' is the old t,lieo- 
rem, and is trne in a great many cases; jnit as coins 
are struclr frorn tlie clic, just as casti~rgs are turned 
ollt from a co~nrnon monlti. I t  is one of tlie most 
wondt~riul phenomena of nature, that s~lcli con~plex 
or.ganis~ns,consisting of so mally parts, slionld be 
rcpeltted froin age to age, aud from gcncratiori to 
generation, with sacli siir1)rising fitlclity and pre- 
c14io11. This fact, is tlle fit st t l ~ a t  strilit's the stutlent 
of these scicncc~s. The general i~nprc~ssiou of the  , 
orclirinry pel,sorl woulcl br, that these t l l i ~ ~ g s  nlast con- 
tinue unchangecl. W11en I began to stnily zoiilogy 
and botany, I was remarkably surprised to find there 

collies, and the more precise and scientific his morl;. 
l i ,  is a case of :unalysis alld forms. What the scales are 
to the cl~eniist arid the physicist, the rule and meas-
ure are to the biologist. It is :t cluestion of dirnerisio~i, 
it is a clnestion of length and breadth and thicli~iess, 
a ques1,iori of curves, t i  qnestion of croolteil shapes or 
siinple shapes. --rarely sitnl~leshapes, mostly crooked, 
generally bilateral. I t  requires that  one sllolllcl have 
a inecliauical eye, ant1 slioultl have also sometl~ing of 
an artistic eye, to appre~ia l~ethese forms, to measure 
tlietn, and to be able to compare and xveigh thcrn. 

-Vow, mlii:~i we conle to arrange onr shapes and oar  
Ineasurenlents, me firid, as I said before, a certain 
nurnber of identities, and a certain number of varia- 
tions. Tliis question of variation is so common and 
so rernarkabie, that it becomes perfectly evitlent to 
the specialisl in each department, that like does riot 
a t  all tirnes produce lilte. I t  is perfectly clear, and I 
will'venture tlie assertion that nearly all tlie biologists 
in tl~i.; roorn ~vil l  bear me witness, that variability is 
practically unlimited ill its rallge, ulllirrtitad in the 
iiurnber of its exalnples, iltllimited in tlie degree to 
wl~icli it este~icls. That is to say, the species vary by 
f:tilirig to retain certain characteristics, and generic 
and other cliaracters are found to be absent or present 
in accordance with sorne iaw to be clisc~~ssed farther 
011. 

I believe t,hnt this is tho s i tn~~les t  mode of stating 
and esl~laiiiin? the law of variation: that some forms 
accluire something which their parents clo not 110s-
sess; and tliat t l~ose wllich acquire so~i~etl l ing adtli-
tional llave to pilrs through more Ilnrnerocls stages 
than t,liose wliicli have not acquirecl so m~icli  had 
the~nselvt~spassetl tlirough. 

Of courbe we are met with tlie opposite side of the 
case, -this law of heredity. We are told that tlie 
facts there are ]lot acco~ulted for in that way; that 
we cannot pi~ss frorn one class of facts to tlle other 
clasj of facts; what we find in one class is not 
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applicable to tlie ot,her. IIere is a question of ration- 
al processes, of or t l i~~ary  If the rulesreason. of 
chemistry are trne ill Anicrici~, I iniagi~re the)- :tre 
true i r l  Australia aiid Africa, al t l~ough I have not 
been there to see. If the law of gravitation is effec- 
tive here, I do not need to go to Australia or New 
Zealarid to ascertain whether it is t,rile there. 80, 
if we find in a group of animals a law sulliciel~t to 
account for their creation, it is 11ot necessary to I<now 
t h i ~ t  others of their relatives have gone through a 
similar process. I am willing to allow the ordinary 
practical law of induction, the practical lam of illfer- 
ence, to carry me over these gaps, over these inter- 
ruptiol~s. Anrl I state the case in that way, because 
this is just ~ v l ~ e r e  sorrie people diEer from me, and 
that is j ~ b t  ~vliereI say t l ~ e  silnple question of ratioil- 
ality conies in. I cannot believc that riatui~e's laws 
are so dissiii~ilal~, so irregiilar, so incsact, tli;it thost: 
wl~ich we car1 see and ulider*tar~d i11 one place are 
not true in a i~ot l~el . ;  geo-aiid that tlie qne,stioir of 
logical likeliliood is siniilar to the rjneslio~i of geo- 
grapliical likelihood. If a given process is tiwe in 
one of tile geological periods, it is true in another; 
if it is true in one part of the world, it is tl'ue 
in  another; because I find intel~rul)tions in the 
series here, it does not follow tliat there need be 
interruptions clear tlirough from age to age. The 
ass~m~pt ionis 011 the side of that man wlio asserts 
that trxnsitions have not talreii lilace betwcen forms 
which are riow distinct. 

We are told that we find no port of evidence of 
that  transition i l l  past geological periods; we are 
assured that such changes have not talte~i place; we 
are even assured that no such sign of snch t~~aiisition 
fro111 one species to another has ever been observed, 
-a irlost astol~isliing assertion to m:~l<e lo  a biolo-
gist, or b?/ a biologist; a l ~ d  such persons have even 
tlie temerity to cite special c:ises, as betrveeli tlie \volf 
arid the dog. Many of onr dorliestic dogs are i!othillg 
but wolves, whic l~  have been ruodified by tlie 11a11d 
of Inan to a vrry slight extent indeed. Many dogs, 
in fact, nearly all dogs, are de~cmdan t s  of ~viltl 
species of various coant,ries, aiid are but slightly 
moilified. 

To take the question of the defiiiition of species. 

Snppc~sir~g
me l ~ a v e  several species 'ivell tlefi~retl, say 

four or fire. I n  llle 1)rocess of ir?vest,igatioil we ob-

tain a of i~~dividnals ,  of
Iavger 11u111ber ~ i i a ~ i y  ~vliieh 
betray cllaract,ers ~vliich illvalidate the definitio~is. 
I t  becomes necessary to ru~i te  the f o ~ ~ r  or fi\-e species 

into one. A~i t lso, the11, because our sgstenl recluires 

t l ~ a twe ' s l~al l  have accurate definit io~~s(the whoie 

basis of the sgsteln is iiefi~ritioils: you 1;11ow the very 


conr~ecting l i~~ l i s ,  wea r ~ d  put,ting them together, aa 
have to (lo for tlie sake of t l ~ e  tlefiiiition, ariil Lhcln 
be toltl thiit Trc l1,2\~', neverth(iless, no i~iterniotliilte 
forins between species? Tlle niatter is too p1ai11 f'or 
further c o ~ i ~ ~ i ~ r n t .  tlielil together, si1n1)ly IVe Ll~ro~v 
'uccallse o ~ l r  tlefinitio~~s reclnire it. If we line\r- all 
the I<ao\vn indivitluals which Iruvc lived, we slioulil 
liave I I O  species, Tve should 1i:rve no genera. Tliat is 
all there is of it,. I t  is s i ~ n l ~ l g  of n n~iiver-u q i~es t io~i  
sal ;~ccrelion of nialeri:~l, and the collection of iiifor- 
matio~i.I do not believe t1i:lt tile well-ilcfined gror?ps 
\rill be fourld to r ~ u l  togettier, as lve call it, ill ally 
one geological pc1.iot1, certainly in :lo ollr, reccl~t 
period. We recog:lizc, l~orvevel.? that  they dirrcrge to 
a \vonderfi~l estelrt: o l ~ c  group has divergc?d itt one 
period, i~lld al)otIier one h:is bccomie diversifif~il in a 
diffe~,ent period; alicl so eacl~  orie lras its l~istory, 
some bel:.inlling Pdrtlier bacli tlinn ot,llers, sorue 
retrclling f:tr 1)acli l~eyoncl IJie yerg begi~lnii~g tlieof 
time wlieir fossils coirltl be preserved. I call attcn- 
tion to this view, because it is a very easy niattrr for 
us to use wortls for tlie ])url~ose of cci~ifosilig the 
rnind; for, nes t  to tlie I I O I ~ C , ~  l:~iigunge to espress of 
clear ideas, is its poxver of expressiiig no idtns a t  
all. As we :111 Ii~iow, we call sc~y ~linily t l ~ i ~ i g s  wllicl~ 
v e  camiot think. I t  is a rery easy tliiilg to s ;~y  
twice two is equal to six, but it is i~i~po-sible to t l~ in l i  
it. 

I \vor~ld cite -what I rne:tn by variations of species 
in one of its phases: I wol~l(l just nl(~~ltioil  a ~ C ~ I I L S  

of srial;es, Ophibolur, wllicll is four~d ill tlie Ullited 
States. If nr:: take tlie species of this snake-gclilis 
as f o ~ u ~ d  States, we ha\ e a goodill tlie Nor i l i e r~~  
lilaliy s1)ceies me11 defirled. If me go to the G~iif  
States, ar~tl  esaniirie our ~naterial, we see we linve 
certain olller specitls \veil defined, and they are very 
nicely rlefinerl and ilistingoisl~ed. If. ilom, we go to 
the Pacific eo;rst, to il'rizo~ln and K e ~ v  llexico, we shtrll 
find wiotlit?r set of species well defined illdeed. If 
we talie all tliese ciiffere~rt, types of our specinlens of 
different localities together, our species, as the Oer- 
nians saF, all t~mible  togetlier: defir~itio~ls ilis:lpl~eal., 
alicl we have to recognize, out of tlie prelirniliwry list 
of tliirleeri (11. fourtee~i,  o~i ly  four or five. T11:tt'is 
siml)ly a case of tlre Itind of fact \vith wlricll every 
bio1ogi.t is peifectly falililiar. 

When we collie to the llistorg of t l ~ e  extinct Eorli~s 
of life, it is perfectly trlie, tlleri, that  'ive calillot 
oi)serve the'process of cleseelit iii aclu,rl oljernt.ion, 
becal~se, forsooth, fossils :!re rlecessarily clcncl. T\'e 
ca~lnc~tperceive a11v nc~ivitic,s, bec:~nse fossils have 
ceaseti to 21et. But if this doctri~le i ~ e  trlrr, TI-e slionld 
get the series, if there be szlch a t h i l~g ;  ant1 Tve 110, 

cornl~reliei~sio~iof the subjoct requires deii~ii t io~ls),  as a ~iiattclr.of fact, h i d  loriger or sliorter si>ric>s of 
we t l~rowthem all together. becn~~se  tlefirie series of o~gi t~i i s~l ls  we c a ~ r ~ i o t  structures. proceedili? froin one 
all the various sl)eci:tl forlrls as we did belorc, iilitil tliiiig into airother form, wliic11 are esi~clly as they 
we have bnt O I I I ?  species. Alitl tlie crit,ic of tlln view o11gl1t to be if this process of clevelopi~ient by de- 
of er~oli~tion tells us, "I toitl you so! Tlirre is i111t scclit liail l alcerl 1)lnee. 
one species, after all. Therc is IIO such tliing :IS a I a111 c:rrefnl to say this: 1)ecause i t  is 1ilel.nlIy true, 
co~lliection bet~vcen species: you never \\,ill find it." as we :dl n111st adniit, tlint the systcm nus st fail illto 
Now, how many cliscove~.ies of this ltiliil will I)(! ~icccs- some lci~iii of order 01. otl~er.  YOII  co~il(l not collect 
sary to co~ivil~ce bottlos. you coulrl ~ i o t  colloct oitl slloes, b11t youTile \rorIcl 1lr:tt thew are co~lliticiioils 
betweell sllecies ? I-lorv lorig are we to go on t i~~t l ing  eoilld 1ira1;e souie ki~icl of a serial order of t l~e l r~ .  
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There are, no doubt, characters hy wlrich srich a11t1 
such shoes coiild be (listii~guisl~ed from other shoes, 
these botl1t.s fro111 other bottlles; b ~ t  it is n1.o tri~c,, 
tha t  we liave, in rcccllt fornis of life in zoology and 
hot:t~iy, i~refrngnble proofs of the metamtrr~rhoses, 
and tra~isformatiolis, and changes of the species, ill 
accoriiance with the doctriue with ~ ~ I l i c h  wc  com-
nlenced. 

We now conie lo the seco~id chapter of our subject. 
With the nssumptioli, as I take it already s;tlisfnc- 
torilg l~rovcn, of species llavil~g cliangetl ovcr into 
others, in c~~~isiclering this matter of geologic;ll soc- 
cessiorr 01.biological successioi~, I1)riilg you face to 
face with the itature a i d  nrode of the change; and 
he~icewe may get n glance, r~erhaps, at  its laws. 

I l1:~ve or1 ?11o I~oard u sl;rtcll or table which repre- 
sents the c l ia~~ges  took place in certain of the rv l~ic l~  
marrimalia. I give you a srunnrA1.g of tlie k i ~ i d  of 
tiring rvllich we fillti in one of tile branc11c:s of pale- 
orlto1o;y. I have llc!r.e two figures, one reprt:sent- 
ilig a 'rest,orntiur~, arid the other a11 act,ual picture, of 
two extinct specics that belo~ig to the early cocene 
periods. One rcprcsei~t,s the allcestor of tho horse 
l i~ie,  IIyl.acotlieri~uri, \vhic11 llas four thes or1 Elis all- 
triior fcet, arid three b e l ~ i i ~ d ;  ant1 the: other, ;t tylje 
of allinral, Plienacodus, which antedated all the 

defined, or that a specific inter~nediate form of life. 
will not be found. I tllinli it is rnr~ch safer to assevt 
that  s r~ch and such int,ermetliate forms will be four~d. 
I hstve frequently had the pleasure of realizilig anti- 
cipation* of this Bind. I have asserted that certain 
types wonld be found, and they have been Soi~nd. 
You will see tliat I attend to the matter of tirne 
clo>ely, because there have been a great many things 
discovel,eci in the last ten or fifteen years in this de- 
partmelit. I n  these forms I give the date of the dis- 
covery of the fauna in which they are embraced. 

Here we have the White-River fauria discovercd in 
1856; then we sliip a consiclerable period of time, aud 
the nes t  one was in 1869, when the cretaceous series 
Tyas fou~icl. Six or seven cretaceous f a ~ ~ r l a eliave 
been fou~id.  Ttier~ we liave the Bridgcr fauna in 
1S70, t l ~ e  Wasatell fauna in 1874. Next we have, in 
1S77, t,lle Ec l~~us  beds, and the fauna which they em- 
I)rsace, mi~ich also was found in 1S7S. The P e r ~ n i a ~ i  
f':~mla, which is one of the last, is 1S79: and tlie last, 
tlie Purrco, which gives t,lle oldest and si~icestral 
t y l~ r s  of tho modern forms of maintnalia, was only 
foui~tl in 16Sl. 'When I first co~~ilnericetl the study of 
this silbject, about 1800, there were perhaps 250 spe-
cies known. There are now sonletl~ing near 2,000, 
and we are augruentii~g t l~enr all the time. I have 

1Paccted. 4-trrbe1.cler, cl.cst- / 1)orrbly invo. / Hemisl,tiere~ larger, 
ed and cement- lute. 1 convoluted. 
ii. _ i c y  do. 

>ridme . . . . t l . 4 tnherc ln ,  and f i i u ~ l y i n v o l u t r .13crnisl~l1orea larger, 
(3ol1n Day.) 1 8rnootli. / urestcil. , lfoiibly do. i convoluted. 

Digitin;idr. Grooied.  ' f l rno th .  1 4-tnbrmlcs, a ~ i d ? Singly invn. 1 I l e ~ i ~ i ~ p l ~ e r e a~ t r l o c i n  s lna l l ;~  
I'lairtigrade. 1 1 i F:iceied. 1 crr.rted. I lotc. j and larger. 

( n i g i t i g ~ ~ < l e . )~roovcc i .  ~ p p o s ~ t e .  &!mooUi. l t~rbeicle; .  il1vo1~ita.l1 	 ~ i n ~ l g1 i 	 IPlantigrade. 	 I (lilat.) I~iLurlocking 3 - t~berc lea ,  and ' Plane. I IIulnibphcres ~ rna l l .  
I i c r e s t e i l .  1 

flantirrsrilc. ! Blat. I Opposite. 
(1)igitiyriidc.) ,:Qruovud); Ir~turlocliing 1 X-ttlh~.rolca,rife\ 1 dioglginvolute.

I orcwtcil. 
,1.o\\.er . . . . I 61.6. j 0p1,o"te. .3 tohurciea. I Plnnc.~ a ~ i t i r a c .  Amooth.
/ (l'uerco.) I 

Iiorsc series, t l ~ e  elephant series, the  lii)gj the rhi- 
lioct,ros, arid all of L11e other series of l~oofecl ani- 
mals. Estch preselits us with t l l ~  prinlitive posiliorl 
i n  wlricl~ they first come to our kilowfedge ill the 
history of geological t in~e .  

I have also arranged llere ;L series of some leading 
foru11.j of tile three pritlcipal el>oclls of the rnesozoic 
titnes, ant1 six of t,he leatlir~g ones of the tertiary tirne. 
I i i a ~ eaddeil some dat ,s  to sliow you the time T V ~ I P I I  

the fannae which are enton~hed in those beds were 
tliseovrrrd, in the course of our studies; and you will 
easily see 11oxv unsafe it is to say tliat any givelt tgpa 

I;*-tubori.lcs), ilonc; 

I j small i~ndsmootirer. 

found mally myself: if they n-ere distributed through 
the days of the year, I thinlt in some years I should 
1 1 a ~ ehail several every day. But the accessions to 
lmowledge svhich are constantly being ~ u a d e  make i t  
u n ~ a f eto indl~lge in any prophecies, that, because huch 
and such t,hings have not been Sountl, therefore such 
ar~tl such things camrot be ; for we firid such and. 
such things really have been and really are discov- 
ered. 

The succc~si \~e  changes that we have in the mam- 
ma l i ;~have talter~ place in the feet, teeth, and brain, 
and the vertebral colurnr~. The parts which present 

of life has never existetl, and assert that such a ~ ~ c l  us the greatest ntunbera of variations are those in 
auch a forn! is unkriowr~ ; ant1 iL is still rnore unsafe, which many parts are concernetl, as it1 the lirilbs and. 

tl~inlr, to assert that any give11 form of life properly feet. In the lower eocene (Puerco), the toes were 



- 2 .  I n  the I,o~lp-Fork fauna, sonic: possess toes but 
1-1. Prior to this perioti no snc11 rc(1~ctio11 was 
lmown, thong11 in tlie 1,oup-Forlr fanrra a T7ery few 
species were 5-5. Tlirougl~this entire series me llare 
transitions steady arid cotist:tnt, from 6-3, to 4-5, to 
4-1, to 4-3, to  3-3, to 2-2, to 1-1. I n  the Puerco 
period there mas not a single matnola1 of any ltirlcl 
wliicli llad a good ankle-joint; wliicli hat1 an ankle-

[POT,.II., No. ::On 

of the cord: and t l ~ r y  are in the forrn of regular 
c o r ~ c ~ v esrgn~etits, very rnucli lilie such eegnlents as 
you vii l  talic from tllc? sliin of an orange, -parts of 
splieres, nntl l ~ a r i ~ l g  ac-grcnter or less tliinensions 
cordi~igto t l ~ e  gronp or species. Kom, tile point of 
dirergc.nce of these ,segnients is on the side of t l ~ e  
~ ~ I L I I I I I I .Tlioy are l?lacecI on t l ~ c  side of t l ~ e  colurnn 
wliere tlie scgwt?nts sepal,:lte, -the upper segmerits 

joint constructed as ankle-joints ought to be, ~ v i t h  risiiig and the lomer segments colr~ing down\rnrd. 
tongue and groove. The nod el allkle- joint is a To the 11pp~r segments a1.e attached the archos and 
tongue-and-groove arrangement. 111this pcriocl they tlieir a~.ticul:ttions, ancl t,lie lower scginents are like 
mere all perfectly flat. As time passes on me get tho iegxnents of a spliere. I f  you take a flexil~le 
tlleni no re  ancl more grooved, until in tlie L ~ I I ~ -  cylintlcr, and cover it with a nloro or leas inflexible 
Fork fauna arid tile TVhitc-River f;~,nna t l ~ r y  are all 
grooved. I11tho solo of tile foot, in the I'uei.co fauna, 
they are all flat; but in the Lonp-Fork fauna t l ~ e  
sole of the foot is in tho air, ancl tllc toes oiil; are 
applied to the grolu~tl. with llle esceptiori ( I E  the line 
of monl;eps, in ml~icli t l ~ e  feet lia\~o not becorne erect 
on the toes. aricl the elcpliant, in 1v11icl1 t l ~ c  feet a1.e 
11car1p flat also, and thc line of beam, n11i:re tiley arc 
also flat. As regartls tho rtrigl~lation bet~rren  the 
srnltll l~ones of tho palm and of tlie sole, tlirre is not 
a single irlstaneo iri ~vlrich the bo~ics of the toes are 
loclietl in tile lower eoccne, as they are in the later 
and latest tertiary, 

IlT11t:n Ire conie to tlle l i~nbs,  tho species of tlle 
Puerco fanna 1i:~ve sliort legs. Tlrey 11:~ve gratinally 
1engthenc:l out, aritl in tlie late periods tlley are 
nearly ail relatively long. 

Coming to tlie vertcbrac :tf a part of the oswoas 
systein, I ~vill ment im the z~-p:~~popli~-srs, or antern- 
posterior clircct processes, of ~vl~ie l i  tlie postcxi.ior loolts 
clo~rri, ancl the anterior looli-; op. They move on e~icli 
other, ancl tlie vcrtcbrzil c o l ~ l n ~ n  berltls from side to 
side. I n  tlie lo\ver forrns of nlarnmnls tliey are al- 
ways Hat, and in the I~ooferl i~lrnnrnalz of tile I'nerco 
perioti t l ~ r y  are all flat. 111 tlie W:~s:rtclr period we 
get a single group in wliicli t l ~ e  articiliation, irist,e;ld 
of bei~lg perfectly flat, comes to be r o ~ i ~ ~ t l e d ;  iii the 
later peritids we gel them very ruilclr roiuidetl: ant1 
finally, in tlle latest forrns, Tve get t,lie tlorlble cnrr-e 

skin or sheath. anil bencl that  cylitlcler sidemise, you 
of course ill find tliat the fractures of that part of the 
s~irface will talie plat'e along tlio line of tlie sliortcst 
cnrvc, \rhich is on the sicle; antl, as a rnatter of fact, 
yon llavc hrc;LBs of ve1.y muell tile cllarecter of tlie 
segnlent,s of the Per11ii:rn l~at,r:tcl~ia. Ib may not be 
so sym~nctrical as in the actual ani~n;tl, for organic 
gl.0~1vt11is sy i i in i~t r i~al  SO far as not inte~,fered n7ill]; 
for, when me 11:tre two forces, the olio of prowttl and 
the other of cllaiige or alteiat,ion, arid tllcp contentl. 
yo11 nil1 fintl ill tlie organic being a quite symrrretri- 
cal result. 'l'liat is tlie ur~i~ei ' sa l  I n  tlie cylin- rule. 
der bi:ncIing in this way? of colirae the sllo~Test line 
of cllrve is riglit at the celit,re of tlie side of that 
c~li i ider,  and the longeit curse is of co~rrso at  the 
sl~rnnlit alltl I~iwe, ;ir~d the s l ~ ~ r t e s t  ill be theciirve 
point of fracture. And tlrat is exactly what I 11rc-
stilne 113s lii~l)l~enecl the constrrlction in the case of 
of t,l~e seg~ricnt~s of the s1ie:tth of the vertebral colulnrl 
in the Iatrl.:il motiori of tlle ariin~al s~viinmi~rg,always 
on one side, ant1 \rlricli, at  least, has  been the actnal 
c a l m  of tlio clisposition of the osseoas riiatcrial in 
its forrn. I lxqe  gorre beyond the state of the dis- 
cussion in c:rllir~g attention to one of the fol'ces wliicll 
liave probably prod~rced this liilld of result. That 
is the state of the ~e r t eb ra l  column of ularly of tlre 
vertebrat;~ of the I'errnian pcrioil. 

1 go back to tlie tnalnrnalia, and call atJention to 
tlie teeth. The ort1ilr:rry toot11 of the liigher type of 

ant1 tlre locliing process in the rertebritl co l~~rr i r~ ,the nlaniinalia, ~rlietlier hoofed or not, wit11 some ex- 
which, as in tlie lilub, secures thc greatest s t r en~ t l i  
~vit l i  tlie greatest mobility. 1 1 1  tlie first stn!;rs of the 
grow.t.11 of the spinal curcl, it is a ilotocllo~ci, or a 
cylinder of cartilape or softer rr~:iterinl. En later 
stages the I)orly deposit is made in it3 sl~eatlr u~ i t i l  it 
is l~crfectly srgriiented. 

Now, all tlie Perlriisn land-arrilna,l~, reptiles. and 
batracliians retain this 11otoc11or.d n.il11 tlre begin-
nings of ocseoiis vertebrae, i r ~  a gwater or less de- 
gree of complexity. Tliere are solnt: in So~ltl i  ilfrica, 
I believe, in rvllich the ossificalioll ha3 cotne clear 
through the aotocllorcl; but tliey are few. This 
cl~aracteristicof the I'ernlia~r appears alrnost alono, 
-perhaps absolntely alone as regards land-ani-
nlnls. Tllere is sornetlii~ig to bc said ns t,o tlie condi- 
tion of that coliimn frorn a standpoint,ii~rcli:~~iical 
ant1 it is this: that tile cor.tl rsists, its osseoils ele- 
men t ,~disposed aboitt i t ;  and in t,lle hatracliians re- 
lated to  the salama~iclers, ant1 the frogs, t l~ese  osseous 
elerrients are arranged under tlie slreatli in the slii~l 

ceptions, is coiiiples witli crests or cusps. I n  cutting 
tlie co~nplcx g ~ i i i t l i ~ ~ g  surfnces we fi~itl t1ic:y have 1~ct:ri 
tlerivrd by tile i~ifoltliiig exte~rsioris of forir origin:tl 
cilsljs or tn1)ercles. Tliey Iiave been flattened, hare  
beeti rend~r,ecl oblitl~~c?.11:xve run togelller, liave foltletl 
iip, Ira\-e becorne ipiliccl, have tlescended deeply or 
have lifted. themselves, so that me liave teeth of all 
sorts atid Irintls, oftentil~les very elegarit, ant1 some- 
tinres very t:i"fcctive in n~ecli;tnisrn. I n  n ~ a n y  11ri- 
rnary ung111:ltes. tlle ~r i in i t ive  condition of four con- 
ical tiibei.cles is foui~d. I n  passing to older periotls 
vrc fintl tlie i r~ar l~n~al ia  of tile Puerco period, which 
nerer have Inore tlran three t~il~ercles. ex-wit11 the 
ception of tliree or forir species. 111 tlie sncceediiig 
periotls, howt:rer, they get the fo1u.th t~rhercle on tlie 
posterior sitle. Iqinally, you get a complicated series 
of griliding or cntiing appar;ttu$, as the case may be. 

Last, Lut not least, xve tnlre the serics of t,he brain. 
No donbt t l ~ e  gene~~:rliz:ilio~i is true, that  tlie l~r imi-  
tive for~tis of iriarnnlalin II:LC~s~nnllbrains ~vitli s ~ ~ i o o t h  



Iieniispl~eres; later ones had Iargei, brili~is with ?om- 
ples I~eri~is~~licrc~s.gcueral, tllc: 111 cnrrrivo~x lin,ve 
retai~ictl a uloxe simple foi.111 of l ~ r ~ i i ~ i ,  irrllile I~crbivor- 
011s nliilnals 11avc rct;~i~iecl a nlost con~plicaiecl type 
of br;tiri. ~ ~ ~ ; r i i ~ r n a l i : ~The lowest forms of clispln,y 
tilo ntltlilional peculiarity of Iiaving tlic micldle brain 
exposed; antl the Ileri~isl~lir~rcs large lol~es of tlreor 
I~l,i~iti, a1.e sl~lil>osed r \ - l ~ i ~ h  tci be tlle sent of tlie iiien- 
ti21 plierloniena, are so red~rced in size at  t l ~ o  b:ick 
(.nd that  yo11 see tlle ~nitldle braill disli~~ct.ly, though 
i t  is sni:rller tllan in 1.eptiles ariil fislies. I t  is beyond 
the ~)ossil)ility of colitrorersy, that tlicse scrios 1l:rve 
existed, :tlid that tllcy 11nve originatetl in sirrr~~licity, 
and have vcs~~ltcd i t 1  c~n i l~ l i~n t io r i ;iinil tlie furtliev 
rleclricticirr nus st be tlralvn, tli:it t l~t:  IJrOC[+SS 11f srlcees- 
sion has a1iv;iys I~eeti toivartls grcntcr effectirelicss of 
niecllanical rvorli. There are c:lses of clegrad:~tion, 
as in t.lie grolring tleficieiicy in clri~litiorl in 1t1:rn. 
r 7Illere is 110doul)t, tllnl a large iinml~er of 11eoplc w e  
I I O W  losing their \r isclom-tecitl~ in Lotlr jaws. 

TVe me now broriplit to tlie questio~i of tlic rela- 
tioils rvl~iclr i11i11d Iiears to tli~c,e l~rilicij)les. The 
ci~~c'slioiias to the n:rtuie of mind is not so con~plcs 
as it n ~ i g l ~ t  'I'liere is a it, to be seem. preat tical of 
surc; bttt 011 esaminntiori it rcsolrcs itsc:IS into a f~xv  
111ti1n:tle Sc~rins. Arr arialysis reduces i t  to n few 
priitcil~nl types or clepartinents, -tlle departmetits of 
the iir I i ~ ~ i t l ielligeiicc antl of r ir iotio~~s t1ii:ir n~otiitied 
snialier fovi~is, likes nrid dislilies), nnd tlie will: if 
such tilere be. Those t1i1,ee pronl?s, proliosed by 
Icant, are well linomli, atid :tdoptc~i by Irrmly Illeta- 
pllysicians; arlcl tiley s t :~~id  tlie scrutiny of 111odc1.ir 
scic~ice 1)eifectly wttll in l~otl i  nlcn ancl the l o r~c r  
aniinals. Uut tlre clitestiou of tlic niaterial of tile 
riiincl, the origin;il Y;LW st~tff orit of ~i~liicli inirid was 
made, is one whicli is claiining attei~tioii I I ~ Wi'rort~ 
Iiiologisls, ns il, :rl\rays 11~1s tlo~le fro111 physiologists 
proper aii,l l)l~ysicinrls. This is se~lsibility, illere sim- 
ple sensibility, unnrotlified seiisilbility or conscions-
ness. Sensibility, in coniieciion wirh nicnioiy, is 
suflicier~t, for the :iccornplisIr~~~ent re-of rvonilel.fal 
~1111s. I t  is only necessary to iirrpress tlic sensibility 
wit11 tlie sti~rilili ~vliicli illis r~orlil affortls, wlietller 
frorli tlie oulsidc 01. t l ~ e  insidc, to ha re  the record 
niade, a ~ l d  to  li~tve tlle record ki'l~t. A m o ~ ~ g  nror~dcr-
ful tliings this is per11np.i tlie ~ r ~ o s t  thatrvor~derfi~l: 
any given form of matter slioulil be able to retain a 
record of eue~its, a reeortl w11ic:h is niutle ilnri~ig a 
state of sensibility for tlie rnoat part, a greater or less 
degree of sensibility, which is rct,ained in a st,ate of 
insensibility, an<l is filially returned to tlie s e ~ ~ s i -
bility by aollle curious process of adhesion, and tlie 
results of impresses wliicll are fouud on the iuaterirtl 
tissue co1rcernt:d. 

Arid these siniple elernents of mind are found i n  
atiiinals. Ko zoiilogist wllo 11:~s perception or hon-
esty, nor any farmer or breeder, nor any lieraoii rvlio 
has charge of arii~nals in any WLY, can clelly se~~sibi l -  
ity to all the lower ani~llals ; ~ t  tinlc:. Tile greitt 
stun~bling-bloclc in the way of the tlii~ilii?r ill all tliis 
field is the great cvar~escencc of this seii>ibility: tlie 
g~ , ea tease with iviricll wc it, t . 1 1 ~readinessc l i s s i p ~ t ~  
with mllicli we can deprive a fellow-bein;: of his 

sense, is a stuml)ling-blocli in moye ways tllari one. 
TVliilc it is a cjucstio~~ of the greatest tlifllcnlty, never- 
tlieit~ss, like other tlepartrnc~its of natlire, doubtless 
it, will ultiniately be explniriecl by the  researches of 
physiologists. I only need to call attcirition to the 
fact as an i~nportarit factor in el-olution. 

Of  coarse, i f  t1ie.e strnct~lresart: suggested? affect-
ing tlie ~neclianic:tl apparat~rs, tlic c]ueslion arist's, 
\ ~ l ~ e t l i e rthey nel,e matle ready to Iland, mliet,lrer the 
animal, ; ~ ssoon as lie got it, 11nd~1.tooli to use it, and 
wl~etlier lie untlertoolr to use tile organism under Llie 
dire st i~nuli  of nerrssity, or ag;:samendetl t b ~ o u g l ~  
these niotlificat,ious in his own strnct,nre. We are 
told by some of our friends, that law irnplies a law- 
git.er. that erolut ion i1llpli1.s nil evolver: tlie or~ly  
qucbtio~l is, IVhcre is the lawgiver? ~ 1 1 e r e  is tlie 
evolvcr 2 .rvlicl.e a1.e tliey locatctl? 1niay say, it is 
dist,i~ictlyproven in home cfirectio~ls, that the con%tant 
applicatiorr.; of force or rnotioi~ ill the form of str;lins, 
in the forni of i1itpac:ts and blorrs, upon any given 
part of tlie airi~iial o~.gaiiisln, do  ]rot Sail to  protluce 
realtits in chmige of ,stractur.e. I believe the c11a11gc.s 
in ttit? ungnlntes to n:l~icll 1 11ave cnllccl yorrr ;ittell- 
tiorl are the result of strailis and iiiil?acts, p ~ ~ c i a e l y  
as I lravo ~ h o \ ~ r i  ofyou tlif? nlailner of tlie I ' I .~C~I I I .U  
the vertebral cohxnn of tlie primitive ve~.teb~.ales of 
the Permiall period. This ~vonld require long tlis- 
c~~qs ionto render clear: nevertliclesa, I vei~ture to 
lnalre the assertion tliat this series of strlrctn~es is 
the result of defi~iite and distinct organic forces, 
di~ectrt lto specixl eirtls. \Ve Iiave get t o  get at t l ~ e  
co~illicting foi,ces rn11ic.h have lrrotlucetl tlle res~rlls we 
sce, llleclia~~ical aevolution will gir-e ns good ilei~l 
to (lo for sorlie tinie to come. Of  cours~', if notion 
has licttl an rSScct i l l  nlodifgi~rg strrrcturc, it beliooves 
11s to iiiue>tigatc: those forces wliicli give origin to 
lliotion in a~linials. First in orcier come the seu-
sihilities of tlre rtni~iial, which n-e 11:r~e tracer1 to sim- 
ple co~~s r iou i l~es s ;  \\rliich lie btiniuli, upon notice of 
in1111ec1i;ttely brgins to move. 'I'lie priniary s t i ~ n u l ~ s  
of ali ltiiids of notion is necessarily touch. If a 
st,one falls upon tile titi! of soine auinial ~vllich has a 
tail, 11e iriinlediatcly gels o ~ r t  of tllal; vicinity. If 
a jelly-fislr xvitli a stingi~lg al)p;tr;ttI~s runs across an 
eel nliicli lias 110 sealea, Llie eel l>romptly I,cnloves. 
External applicat.ions of unl~leas:t~rtbodies will a,l- 
ways c:tt~st: RI I  anirnal to cliallge liis location. Tllt.11 
lie is ci)risiaatly as~arlltod by the ili~,e eneriiy of 
be;tsts, llu~iger, an iilsiiiict rvl~ich is er~ide~itly uni-
vers;il, to judge froni Llle actions of al~inrals. This 
seetns to have fnsl~ioiied, in large part, all forms of 
life, fro111 tlie le:~st to tlie greatest, from tlie niost 
t~no~.g;~iiized Eacli exercised to the nrost coriiples. 
itself for tl1t5 p111;pose of filliilg its stomach wit11 
proto~~las i~l .  wlrich sltonltl be Tlieil conlo the stirn~ili, 
ilicluiled un(ler the class of toucli, cl i~ung~s of teiil-
pernture. KO animals like to be cold or too hot;  and 
rv11i.n the teml~cra t~i re  is clii:rgret:able, the t,e~idcnc~y 
is to go aiv;iy i'~.oiii that locality. Aniolig 11~irnary 
instiuc~s ~irrlst be i~~clucletlt l ~ a t  of reprotluction. 
After that  ctrrnes tlre sesls:ltion of re~ist;~iice,or, 
rarricd lo :t liigll tlrgrce, of :111gcr: when an airilnal:s 
interests are interfered with, its lriorelilents re-

http:disli~~ct.ly
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stricted, i t  prompts to the most ene~,getic displays. 
So, yon see, it is a inatter of necessity that mental 
phenomena lie :LC the back of evol[~tion. provided 
aln-ays that the corinectillg lirilc of the argun~ent- 
that  n~otion has ever affected structure-be true. 
That  is a point which, of course, admits of ~nucl i  
discussion. I have placed rnyself on the afirrrrative 
side of that clnestion; and, if I live long enongh, I 
expect to see it absolutely de~nonstratcd. 

Of course the development of rnil~d becomes pos- 
sible lultler such circ~imst~auces. I t  is riot like a illaIi 
lifting Ilimself u p  by his boots; which it would be if 
he had no such thing as memory. But with tliat mcm- 
ory which accuniulates, whicl~ for~nulates first habitz, 
and then structures, especially in the soft, clelicate 
nervous tissue, the development of tlie ~ r ~ i n d  as well 
as the ~ i l a c l ~ i ~ ~ e r y  of the rnintl becomes perfectly pos- 
sible. We develop our intellect through the acciltliu- 
lation of exact facts; tllrough the collation of pure 
truth, no inatter ~vhether i t  be a 11nnble 1ti11d of 
trntli, -as tlic: Itnowletlge of the clla~rges of the sea- 
soils, ~vliicll illtluces some aniinals to lay np the win- 
tcr's store, - -~he t l i e r  it be Bnowletlge of the fact th;tt 
the sting of the bee is very u~~pleasnnt,  or Bntr~vletige 

I t  is said, that a sense of justice could riot be rle- 
rived from the sense of 110 jlistice; that it could not 
11are beell clerivetl f~.orn tile st:Lte of thii~gs which we 
find i r i  the animals, because no animal is 1;noxvn to 
exl~ibitreal justice: and that objection is valid as far  
as it goes. I snspt'ct that no animal 11;~s bee11 ob-
served to show n true sense of just,ice. Thilt they 
sliorv sg-mpatlry a ~ ~ d  there is no question;l t ind~~ess ,  
but  when it comes to real justice, they (lo not clisplay 
it. But do all n ~ e n  dis1)lay justice :) 110 all inen ziizt1e1.-
stand justice? I arn very sure not. There are a good 
many nien ill civilized communities, and there are 
Inany tribes, ~ v h o  do not linom what justice is. I t  does 
riot exist as a part of every mental co~rstit,ution. I 
never lived among the Bnsllmen, anil do not liuow 
exactly what their r n e ~ ~ t a l  aconstitution is; but in 
g e ~ ~ r r a l  of toway the justice savages is restricted 
the very s~nallest 1jossil)le cir.cle, -that of tlreir t~,i l)e 
or of their own fanlily. There is a class of peoplc who 
do not nntlerstand justice. 1do not refer to l~eople 
who know \!-hat rislit is, and do not do i t ;  b ~ l t  to 
the primitive state of moral character, in which, as in 
chilclrei~,a sense of justice is unl;no\rrn. I call atten- 
t,ion to the fact, hecause some of our frientls have 

of t l ~ e  fact' (of \vilicll t l ~ e  ox, rlo doubt, is t l l o ro~~g l~ ly  bee11 very n~ucl l  ;ifraid that tlie demonstratiorl of tlie 
awilre) that the teeth of the wolf are not p1o:ts;lnt 
to come ill contact with; or ~vl~et l ie r  i t  be the conl- 
plex iino~vledge of Inan. IVl~elr tht: cerebt,al matter 
has become larger a i ~ d  Inore con~plex, it receives and 
retains a mnch greater nulnber of impressions, and tlie 
animal I~eco~nes a more llighly etlnc;~ted being. 

As regards the depart~rirnt of enlotions or passions, 
i t  is also iriucll s t i~~~u l i i t ed  Ani-by tlte environment. 
~lialsw11icl1 live in a state of constant strife, r~atur;~lly 
have their a~itagorlistic passions n~ac l i  tlevelo~~ed; 
while amiable, synipathetic senti~nents are better and 
rilore largely produced by peace-loving anirnnls. l'lius 
it is that tlie rariolcs depart~nents of the ~ r r i i ~ ~ l  liave 
tile boaut,iful results ~vllich me now fi~rd ill the lnrlniln 
species. 

T1ie1,e are some ilepartrriesits of the rrlind !~11ich 
soirle of our frientls decline to aclniit 11:~ving hat1 such 
an  o i.:The moral facult,?;, for i i~slar~ce.  ex-
cepted by n i a ~ ~ y  fro111 t,llis scrim. D ~ i t  l l ~ e  reasons 
why t l ~ e y  object to its l jroductio~~ in t l~ i s  wily are, to 
"I?; 11iint1, not valid. Tlie develop~uent of tlle moral 
faculty, which is essentially t , l~e semse of justice, ap- 
peai,s to thcm not to iall ~ i t11 i11  the scope of a thnory 
of descent or of evolutit~n. I t  consists of t ~ v o  prrts. 
Firqt is tlle s e n t i ~ ~ ~ e n t  of benevolence, or of sy~npnthy 
with manltind, whicll gives 11s the desire to treat t l ~ r i n  
as they sllorrltl be treated. It is not sufliciel~t for jus- 
tice tliat it is ur~mised mercy, or benevolence, mliicll 
is sonietirnes very ir~jilrions, and Tery often mis-
placed. I t  require., place, the criticisn~ in the s e c o ~ ~ d  
of the judgment, of the niature i~~te l lec t ,  of llie rir- 
tior~al faculty, to er~al,le the possessor to dispo.e of 
his seri t in~ei~ts Tlie conil~ir~a- i21 the proper manner. 
tion of ratioi~al disc~,i~nir~ation and true jad:~rre~~t, 
~vi111benerole~~ce,  t l ~ e  sense ofco~~st i tu tes  jnsticcx, 
~vllicll 11;~s been tlerived, 110 tloul~t. a s ~ u i i r ~ i a ~ y  as O F  
t l ~ e  deveIo[~~nerrt of oft l i o~e  t-rvo ~l(~par~trnents the 
~ ~ i i n i l ,- tlle urnotio~is and the intellect. 

law of evol~itio~r, ~vonltlpllyical and rnetapl~ysic,?l, 
resnlt in danger to societ,y. I suspect not. The inode 
in TYI I~CI II understand tliis qr~eslion apl>ears to Ine to 
be her~eficisl to society, railier than i~~ ju r ious ;  and I 
therefore talre the liberty of xppend~iig this part of 
the subject to its rilore material a.pect. 

To refer to another topic, and that is to tlie origin 
of life, t l ~ e  ljliysical basis of life. Tltc word 'life' is 
so ci~snples that it is necessarj- to define it, ant1 so to 
drfine it away that really the wort1 ' life7 does riot 
retain its usual dcfilrition. Nang pllenomes~a of life 

clie~nical, j,hysical, rnecliar~ic;~l. TVe liave to 
relrlove all there fro111 consitleration, because they 
corne wiilli~i the ort1i11a1.y lams of n~eclianical forces; 
but we have a few thil~gs left mhiclt are of a tliffer- 
ent, cl~aracter. One is tlie law of growth, w!iici~ is 
displayed ill the processes of embryonic succesiion; 
secoritlly, t,lie wo~iderfi~l  l)he~rontnna of se~lsibility. 
Tlrose two t11i11gs we ha\-e not yet retlciceil to any 
itleiit,iiy with the ordiii:try lams of force. In  the 
phenoinena of embryology t,he phe r~o~ner~a  of ero111- 
tion are repeat,etl. only concei~trated in t,he early 
stagcs throilgl~ n-11ich arii~nals have to pass. So 
whitterer esplaisls the gc'neral phe~~orne~ ia  of evoln- 
tioil esl?lains t l ~ e  pl~nnornena of cnlbr?;olo,cy. 

What is llle rlat1u.e of physical sensibility? 111 

this planet, it is founil resitling orily in one forrri of 
m:tt,ter, ~vliicli 11:~s a sligl~tlv varied chemical co~isti- 
tation, anre rely, protoplasni ; so-called from a physi- 
cal s t i~~idl~oint .  this ~vorI(1. yijl~ a11 lirrov, NOTIF, as 
11as passet1 throug!i nlany cl~anqes of temperature. 
Its early pe~.iotls, it is prob;tbli>, xi-ere so very hot tha,t 
protoplns~u lind a very poor cl~ni~ce.  T l ~ e  earth 11:ts 
passet1 t l~rougb a great liiar~y cl~nrlges of te~nperrnt~urc. 
rnarry of wl~icll woultl not permit t l ~ e  exi,tence of 
protoplasu~. Again, call we assume for a Inomelit 
t,l~at tliis litt.1~ specli ill the great universe is t l ~ eonly 
seat of life :3 1suppose scarcely any scientific man 



will venture to do so. If, therefore, life exists i n ,  
otlier parts of tliis great universe, does it ~leressarily 
occi~pybodies of pl.otoplasni in those tlifferent, remote 
spheres ? I t  would be a great assu~r ip t io~~.  I t  is al- 
together improbable. The certainty is, that  in those 
planets \vliich are in proxin~ity to tile sun's lieat 
there could be 110 protoplasin. Protoplasnl in the 
remote planets would be a hard mineral, ancl near 
the sun it woulrl be clibsipated into its conil~onent 
gases. So tlrat, if life be found in otlier parts of this 
universe, i t  rrlast reside in sonic different liind of 
material. I t  is extrerrlely probable that the physical 
conditions that  reside iri protoplasm might be foil1111 
ill ot,her Binds of xnatler. I t  is in its cI11:rnical inert- 
ness, arid in its physical constitutiori, that its adap- 
tation to life resides; ant1 tlie ~~llysical  constit,ution 
necessary for t,he snstentation of life may be vel l  
srrltposed to exist in inatter iri other parts of the uni- 
verse. I olily say the door is open, and ilot closed: 
ariy one who asserts that life canriot exi>t ill any 
o1,ller tnaterial basis than protoplasnl is asailrnillg 
more than tile ~vorld of science will permit liitn to 
assume. And t1i;tt it is co~rfined to this single ]ila~iet, 
a l ~ dnot in the great systerns of tlre universe, -that  
asaarr~ption will notfor a rnoniellt he allometl. 'I'liere-
fore tlre srtbject is one ~vliich allows us a free field 
for fut~ure i~rrestiga,tiou: it is by 110 mearis closed in  
tile rnost irnljortant lavs  wllicll i t  presents to the 
rat,ional tl~inlier. I hope, therefore, that, if tlie evi- 
dei~ce in favor of this ligpothesis of tlie creatioii of 
living forms be regarded as true, that no one will 
find in i t  ally gro11ncl for any very serio~rs modifi- 
catiorr of esistillg ideas on the great r~uestio~rs of riglit 
and wrong wllich have loug since been lzno~rn by 
illell as a result of ordinary experience, ant1 without 
any scie~itiiic dclnonstration whstst~ever. 

A classification of the natural sciei1ces.l 

T o  frame a rational classification of the natnral 
sciences, and to define their mutual relations, have 
often been atterrlpted. The present writer, iri an 
esqay read hefore the National acatlenly of scieriees 
in April. 1881, and since publisl~etl in tlie Philosophi- 
cal magazine, with the litle of 'Tile clornain of pliy- 
siology,' ~11gst:sted the basis of such a scheme, airti 
now, at the request of some of his reatlers, ve~ltures, 
for the first time, to embody in a concise alrd tabli- 
later1 form tlie viexvs then and there enunciated, in 
tile hope that other students nlay fiud it not u~iwortliy 
of their notice. 

The study of material nature constitutes what tlie 
older scl-iolars correctly and cornprel~e~isivcly terrned 
physics ( the  morils 'physical' and '~ i a t t ua l '  being 
syno~rymous),arid I~resei~ts itself i11 a t~rofoltl aqpect, 
--first, as tlc+criptive; and, second, as pl~ilosopl~ical, 
-a tiistirlctio~l ernbotlied i r ~  tlie terms 'na t l~ra l  liis- 
tory' antl ' natnral philo.ophy,' or, rllore concisely, 
ill t,lle words 'p11ysiography7 and 'pllysiology.' Tile 
latter word has been employetl, iri this gcnc~ral sense, 
to designate tlie philosopl~ical st.udy of 11at1u.e from 

1 Abstract of pzrper rend ill general sebbion, :lug. 17, 1883. 

the time of Aristotle, and mill so be used in the pres- 
ent classification. 

Tlle world of ~ i a tu re  is clivitled into the inorganic 
or niineralogical, ancl the organic or biological, icing- 
donis; tlie divisio~l of tile latter illto vegetable and 
ar~i~rial  Tlie natural llistory, being a subordinate one. 
or physiogt.i~pIly, of the inorganic liingdom, takes cog- 
nizance of t l ~ esensible characters of chemical species, 
aucl gives us descriptive and systematic milieralogy, 
which have hitherto bee11 restricted to native species, 
but, ill their wider scilse, incl~tde all artificial species 
as well. The study of native mineral species, their 
aggregatio~is, and their arrangemerlt as constituents 
of oor planet, is the object of geogriosy and physical 
geography. 'l'lie physiography of otlrer worlds gives 
rise to dercriptive astronomy. 

Tile natural pl~ilosol)liy of the inoxanic  kingtlom, 
or rni:leral physiology, is concer~ned, in the first place, 
with what is generally callecl dytiamics or p11y"cs; 
including the l?lienorner~a of ordinary nlotion, soiiiid, 
temperature, radiant erlergy, electricity, and 111a:nct- 
isrn. Dyl~arnics; in the abstract, regards m;itter in 
gmieerl, ~vitliorlt relation to species; che~nisln gener- 
atcs therefrom riiineralogical or so-called chelnicnl 
species, wllicli, theoretically, may be snpposed to be 
formed froiii a sirigle e leu~e~l ta l  substance, or 7nccteriu 
p r i ~ n a ,by the clirniical process. nyna~n ic sand cliem- 
istry built1 n p  our inorganic ~voricl, giving rise to 
geogeny, and, as apylicd to other worlds, to tlieorcti- 
cal astronomy. 

Proceerlii~g next to the organic kingdom, its pbysi- 
ograpliical stutly leads us first to organogral~hy, and 
then to tlcscriptive and systelnat,ic bntitiiy a r ~ d  zoology, 
two great snbtlivisions of n;~tural history. C:oming, 
then, to consider the physiological aspect of organic 
nature, we find, beiides the ctynalniciil and ch1:rnical 
activilies marlifested in tllemir~erill, other and higlier 
ones which characterize tlie organic kirlgtlo:l~. On 
tllis liiglier pl:tne of exister~ce, are fountl portions of 
matter which have becorne il~tliviclualized, exl~ibit 
init,ahility, the power of growt.11 by assimilation, antl 
of reproduction, anti \rhich establish relations ~ i r i t l ~  
the external morlrl by tlie tlevelopm~nt of organs, a11 
of which cllaractttrs are f o r e i g ~ ~  to the inirrerirl 1;iog- 
doln. 'I'lie.je new activitie-: are often designated as 
vital; but si11ce tliis word is generally made to in-
clude a t  tlie same time ot,lier m:tnifestations which 
are sir i~l~ly dynamical or clieniical, I have elsewhere 
proposc~d for the activities 1-1i;~racteristic of the organ- 
isni tile terrri biotics ( P L o T L K ~ ) ~ ,  Tliepertaining to life). 
pliysiology of matter ill tlie abstract is dqnarnical, 
t,liat of ~niner:tl species is 1,otli clynaniical :tnd clierxii- 
cal, while tlr:~t of o1,ganieeri fornis is :tt once dyrialni- 
cal, cllernici~l, and biotical. All of t h e ~ e ,I may 
rema~,li,I regard ns successive ~llanifestations of all 
enrrgy inlierent iti rnat.ter. 

Tile stndy of the l~iotical activities of matter lr.ads 
to orgalrogpny arid morpl~ology, ~~11 i l e  the relations 
of org;i:ris:~is to one ar~otlier and to the inorzanic 
Iti~~gdorngive us pliyaiological botarry arid zoiilogg. 
\Ve t,hus arrive :it a conlpl.ellensive ail(! silnple 
scllelne of the na t i~ml  sciences, whic11 I have endeav- 
ored to seL forth iri the subjoined table. 


