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California and Spai11. Third belt, Dureago (llexico), 
Peru and China. Fourth belt, hlalacca and Baaca. 
Fifth. Bolivia, (S. America) Oueensland and Northern 
New Soutll Jqales, in ~ u s t r a l i a ,  in about the parallel 
of 2 2 O  to  23' S. Lat. 

j. lectrl: T h e  dianlagiletic arrangemeat of the 
localities in ~vhich this metal is lllost abundaatly 
found, inay be rendered equally apparent, ii~hether 
we follow the Galena and other ores in belts, oil par- 
allels aroullcl the globe, or connect these illetallic cle- 
posits by curves froill the Hoothia Felix focus, for 
North America, and the Scandillavian focus for 
Europe. Thus, first belt ill North America. from -kct ic  
focus, Idaho, JVisconsin, Iowa, Xorthern Illinois, Ver- 
1110ilt, New Haml>shire and Alaine; secoild belt, 
Kevada, Utah, Colorado, Missouri, Southern Illinois, 
Ne~i .  Vork, Connecticut ; third belt, C:aliforiria, Kew 
hlexico, Arkansas, Teilnessee, nild North Carolina ; 
fourth, Fort Uuma, and Arizona; fifth, the argen-
tiferous Galena of blexico. 

I n  Europe there are froill the Scandinavian focus 
fo~ir  belts ; first, that of Scotlnntl and Saxony; 
second, of Ellglalld and Bohemia; thil.d, the lend 
mines of France; fourth, those of Spain, oftell 
argeiltiferous. 

6. Z l i c .  Froill the Scandinavian focus, we trace 
one curve, which lllarlcs the zinc l ~ e l t  of England, 
Belgiuill and Germany ; nnother that of Prance and 
-4ustria. 111 Asia, froill the Kortll Siberian focus, a 
belt collllects tile zinc of tile Xlati moulltaill 
of C h i r a  I n  tlre United States, if a-e take tlre Lake 1 
Superior focus as a center, we call bring within one ,
belt tile various zinc ores of Tennessee. T7irgillia, , 

~ellllsp~vallia,alld tile abulldallt deposits of Nen, 
jersey, as \\,ell as localiiies o[ h-eT,, yOrk ,  1T7ernlont, New Hampshire and Maine. 

7. A/itinrn/gl. Fro111 the 12nl~e Sul)el-ior focus: 
semicircle anites, in one belt, tllr ores of Arrtilriony 
found ill ~ \ ~ ~ ~ l ~ ~ ~ ~ l ,  K~~~~ ~ ~ ~ ~alld hlnille, ~ 
just olltside is a curve or zolle ullitillg [he milles 
n:orltecl in Sollora (Mexico) n;ith t hose 
Brunswick. 

I n  Europe, lxritll Moult l<osn for a center, tile ' 

nine degrees), describeil ill tile !~~~~i~~ circles 

foriller connnmlication, passes througll the zinc of , 


Cor~lwall (England), of Spain and of Hu~ignr\r. 
 I 

8, BlS~lllth.A belt i11 tlle Ul~i ted States, ;it11 Lake I 
~ ~ ~ ~ ~ ~ ~a cellter, ullites , tile bislllutll ifor found in 
Montana, rlrizolla alld Coloratlo, n,itll of 
and South and North Caroliila. 

I11 Europe, the bismuth of Norway and S~veden are 
ill olle curve from the Scandinnlia~l focus ; tlint of 
~ ~ ~ l allcl~ d ,~collstiti,,tes a ~saxonl-~ ~ l 
curve. Xismutll is also f o m ~ d  in Australia, nearly on 
the parallel of latitude on whicll it is obtained in Chili 
and Bolivia (South America). 

~l~~~~ denlonstrations, or coincidellt facts, may, 
perhaps, sufice to test the truth of the la\!,, which ap- 
pears to be sinlilar in character to that governing the 
forillatioil of land. 

hletals alld llletal]ic ores woulcl seem, then, lllost 
fi.eclLlently, to have arrallgecl tllemselves, particularly ' /
when cliamagiletic, as a large majority of bodies are, in 
curves, equi-distant from some dyllamic focus. ! 

' I t  is lloped the jielleralizatioll aid 
nliner and nlilleralogist in tileir search after lllineral 1 
wealth. 

THE U N I T Y  OF NATURE. 
BY THE DLKI: o r  < \ R G I L L .  

T T 
II. 


Man is i n c l ~ ~ d e d  in the Unityof  Xature, in the first place,  
a s  rcyarcls the composition of his  body. Out  of the ordi- 
nary clcnicnts of the 1natcl.ia1 world is that bod!- made,  and  
into those elelnents it is resolved again. TVith all its beau- 
ties of for111 ant1 of expression, ~ r i t l l  all its 111r1rvels of 
structure and of function, there is nothing whatever in it ex- 
cept solllc few of the clemeritary su l~s tanccs  \\.11icl1 arc  
common in t l ~ c  atmosphere ancl the soil. T h e  four  principal 
gases, ~ r i t l ~  potash, and a little iron, sotlium, and  lime, 
p h o s l ~ h o r ~ ~ s ,  the 11111nari Imdy these are the coristituerits of 
-of these in diffi.rc~it combinatii)ns-riiltl, so f r i ~  as nTc 
l;non., of notllilig else. T h e  sarile general colnposition, 
~ v i t h  hcrc ailtl there a n  iriijrcclient less or  more,  prevails 
tllrougliout t11c ~ v l ~ o l e  itsa n i ~ n a l  and regetrible \vorltl, a ~ i d  
elements arc the c o ~ ~ n n o n e s t  in tlic i n o ~ g a n i c  liingdom also. 
Th is  may see111 a ~ u t l c ,  ant1 it is ce1t;linly a rudimentary 
ric~x- of tlic relati(111 \ ~ h i c l i  pre~.ai ls  l~etn-ecn oursclres  and 
the \vorltl around us.  A1:id yet it is the fountlatioil, o r  at 
least one of the foundations, 011 \rhich all other relat io~ls  
dcpcntl. I t  is becriuse of the composition of our  b o d r ,  that 
the aninials and plniits around u s a r e  ca l~ah l r  of lllinisteri11.g 
to our  support-that tlle co~nlnon  air is to us  tlle rcrybreath of 
lifc, and t h ~ t  hel-1)s ancl minerals in nbundance h a r e  cithcr 
poisol~ing prolicrtics or healing virtue. Fol  both of these ef- 
fects arc rililic the evitic~icc of so i~ ic  relation to the o ~ g a n i s ~ n  
the>- affect ; anil both are in different clcgrecs so prc~-alcnt  and 
pcrvacling, that of r e l y  f e ~ r  things intlecd c:ln it be  saicl that 
they are n.l~olly inert upon us.  Yet there i.; no  substance of 
the thousantls n-llic11 in one manner  or a n o t l ~ e r  affect the 
bocly, \rllicll does not so aftict it I)!- virtue of somc rclritioli 
\vl~ichi t  berirs to tlie elements of \rhich that b o d r  is corn- 
~ I O S C ~ ,or  to the comllinatiolis into n.llic11 those -clcmcots 
I" . r e  lee11 cast. 

l l n d  11e1c n-c ascent1 one step 11ig11cr among tlie facts 
,,ll,iell i l l e ~ , l , ~ e  >I,,, ,,itl,ill of xature,F~~ is 
un~tccl with the ~ o r l c i  in \rhich lit: nloves, riot 01113- by the 
elements of ~ rh ic l l  his hotly is conil)osccl, bu t  also by tlle 
~ i ~ e t l ~ o d s  forcesi l l  \v11ic11 those elements arc combined-the 
l)y ~ v l ~ i c h  held togetlier, and the principles of con- they are 
s t r~!c t~o i l  they arc built u p  into separate :~ccortliny to ~ I i i c l ~  
org:uns for the tiisellarge of separate fu~lctioris. Scicncc lirls 
cxst no light 011 the altinlrltc n; i i l~rc of L i f e  But  o.11atcrer 

, ~ l ~ i ~ ~it be, it hns c~iclcnt ly f ~ ~ l ~ c l a ~ i l c ~ l t ~ ~ l  ~rl i ic l l  are  tlic c l c ~ l ~ e n t s  
s ,~n lc  thro~g110lit the n11olc circle of tlie orgailic \vorld ; the 
srimc in t l~e i r  relations to tllc inorganic ; tlle sa111e in the 
powers 1)). which arc crrrrictl on t1iegre;it f u n c t i o ~ i i  of nutri- 
tion, of g r o \ ~ t l l ,  elf reslliratioll, :nld rel)roductio~i. Tllcl-e are, 
indeed, infinitel!. varied moclihcations in the m c c l ~ a ~ i i s m  of 
the s:lmc orgrins to i cco~~nnot l r i t c  elif-tlieln to i l l l~l~l~lc~-i i l l ly  
ferent nioties by7rl1icl1 differelit :inimals obtain tlieir food,  
tlleir anti thcil- nlcans  of liiovement, yet so cvi-
dcut  is the unit!- ~vllich prevails throughout, th~ i t  physiolog- 
ists arc con~pe l lcd  to recognise the fundamentril facts of 
organic lifc as " t l ~ c  s:ime, from the lo\vcst a n i ~ n a l  inhabit- 
i l lga "t"g11ant 11001 "11 ofto the g l o r i o u s ~ n w l ~ a n i ~ i i  the 
h u n ~ a n  form." 

Th is  language is not the expressiol~ of 111ere poetic fancy, 
nor is it founded on dim and vag-ue analogies. I t  is founded 
on the most definite facts which can be ascertained of the 
ultimate pllenomena of orgallic life, and ~t expresses the~ ~ i ~ 
clearest conceptidns that can be formed of its essential 
p r o p e r t i e s .  ~h~ creature mllich llatl,ralists call t he  
one of the lowest in the animal series, consists of ,lothing 
but  a11 apparently simple and formless jelly. But simple 
and fornlless a s  it appears  to  be, this jelly exhibits all the 
wonder a n d  mystery of that power which we know a s  Life. 
I, is in  of power that the dead  or inorganic 
elements of ,hicll it is composed are lleld together in a 
special and delicate combination, which no  other power can 
preserve in union, and  which begins to dissolve the moment 

polver departs. as in  vir tue  of this Power the 
constituent elements are  held in a peculiar r e l a t ~ o n  to each 
other, so i n  v ir tue of the same power does the 
possess peculiar relations with external t h i n g s  I t  has  the  

1 Onc,the Piervoua Sgctem, b Alex. Shaw. Appeltdir to Sir Charles 
Bell's Anatomy of E,xpression? 
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faculty o f  appropriating foreign substances into its own,  o f  the fact, but  as to  i t s  physical cause. T h e  fact is  beyond 
mak ing  them subservient t o  the renewal o f  its o w n  material, question. In  a former workZ  I have dwelt  at some length 
to  the maintenance o f  its o w n  energy, and to the preserva- on the bearing o f  this  fact on our conceptions o f "  Creation 
t ion o f  its own separate individuality. It has the faculty, b y  Law," and o n  the various theories which assume that 
moreover, o f  giving o f f  parts o f  i tsel f ,  endowed with the such close relationship in  organic structure can be d u e  to 
same properties, to  lead a separate existence. n o  other cause than blood relationship through ordinary I
s a b s t m c e .  which when  analyzed has always TGP :%:generation. A t  present I a m  on ly  concerned with the fact 
chemical composition, and when  alive has always the same 1 
fundamental properties, is at the root o f  every organism, 
whether animal or vegetable. Out  o f  its material all visible 
structure is t uilt u p ,  and the power which holds its ele- 
ments  together i s  the same power which performs the 
further work o f  molding them into tissues-first forming 
them, and then feeding them,  and then keeping them in 
l i f e .  T h i s  is  as true o f  the highest organism o f  Man as it is  
o f  the lowest. i n  which visible structure begins to be. T h e  
phenomena o f  disease have convinced physiologists that all 
the tissues o f  the body are freely penetrated by the proto- 
plasmic corpuscles o f  the blood, and that the primordial 
properties displayed i n  the substance o f  a n  Amceba, which 
has no distinguishable p:lrts and n o  separate organs, afford 
the only k e y  t o  the iundameo*al  properties o f  every animal 
body.  O n e  eminent  observer assigns so high a place to  
this protoplasmic matter as ( h e  primary physical agent in  
the bui lding o f  the House o f  L i f e ,  and in  i ts  renovation , 

and repair, that he considers all its other materials, and all 1 
i ts  completed structures as comparatively " dead." I 

But the uni ty  o f  Man's body  with the rest o f  Nature lies ' 
deeper still than this. T h e  same elements  and the same ; 
primary compounds  are bu t  the foundations f rom which the j
higher unities arise. T h e s e  higher unlties appear to  depend 
upon  and to  be explained b y  this-that thete  are certain 
things which mus t  be done for the support o f  animal l i fe ,  
and these things are fundamentally thc same from the low- 
ast to  the highest creatures. It is  for the doing o f  these 
things that " organs " are required, and it is  in  response to  
this  requirement that they are provided. Food-that is  t o  
say, foreign material-must be talcen in ,  and it mus t  be as- 
similated. T h e  circulating fluids o f  the body mus t  absorb 
oxygen ; and when  this cannot be done more s imply,  a , 
special apparatus mus t  be provided for the separation o f  
this essential element o f  l i fe  from the air or from the water. 
Sensation must  be localized and adapted t o  the perception 
o f  movements  i n  surrounding media. T h e  tremors o f  the , 
atmosphere and o f  the  lumini ferous ether mus t  first b e  ' 
caught upon  responsive-that is to  say, upon  adapted- 
surfaces, and then  they  mus t  b e  translated into the language 
o f  sensation-that is  to  say, into sight and hearing. T h e  heat 
evolved i n  the chemical processes o f  digestionand o f  oxygen-  
ation o f  the blood mus t  be tnade convertible into other forms 
o f  motion. T h e  forces thus  concentrated mus t  be stored, 
rendered accessible to  the W i l l ,  and distributed to  members 
which are at its command.  T h e s e  and and many other 
uni form necessities o f  the animal frame constitute a uni ty  
o f  funct ion in  organs o f  the widest dissimilarity o f  form,  so 
that however different they may be in  shape, or i n  structure, 
or in  position, they are all obviously reducible to one com- 
m o n  interpretation. T h e y  d o  the same things-they serve 
the same purposes-they secure the same ends-or, to  use  I 
the language o f  physiology, they discharge the same func- I 
tions in  the animal economy.  

But more than this ; even the  di f ferences o f  form steadily 
diminish as we ascend i n  the  scale o f  being. Not  only  are 
the same functions discharged, but they  are discharged b y  
organs o f  the same general shape, formed o n  one pattern, 
and occupying an identical position i n  one plan o f  structure. ; 
It i s  o n  this fact that this  science o f  comparative anatomy i 
i s  founded,  and the well-established doctrine o f  " homolo- i 
gies." T h e  homology o f  two  organs in  two  separate animals 
is  nothing but  the uni ty  o f  place mhich they  occupy in  a I 
structure which is  recognized as one and the  same i n  a vast I 
variety o f  creatures-a structure whicli i s  one  in  its ger~eral 1 
conception, and one i n  the relative arrangement o f  its 1 
parts. I n  this clear and very definite sense, the  body  o f  
hlan,  as a whole,  i s  one i n  structure with the bodies o f  all / 
vertebrate animals ; and as we  rise from the lowest o f  these 
to  h i m  who is  the highest, w e  see that same structure ela- 
borated into closer and closer l i keness ,  until every part , 
corresponds-bone t o  bone, tissue to  tissue, organ to  organ. 
It i s  round this fact that so many  disputants are now fight- ' 
ing. But all the controversy arises, not as to the existence i 

o f  unity, whatever mag be the physical cause from which 
that uni ty  has arisen. T h e  significance o f  i t ,  as establishing 
Man's place in the uni ty  o f  Nature, is  altogether independ- 
ent o f  any conclusion which may  b e  reached as to  those 
processes o f  creation b y  mhich his  body has been fashioned 

frame should be l i k e  to theirs. 
A n d ,  indeed,  when  we  consider the matter, it i s  suflicientl~ 

apparent that the relationship o f  Man's body to the bodies o f  
the lower animals is  only  a subordinate part and consequence 
o f  that higher and more general relationship which prevails 
between all living things and those elementary forces o f  
Nature which play in  them, and around them, and upon  
them. I f  we  could only k n o w  what that relationship is i n  
its real nature and in  its full extent ,  we  should k n o w  one o f  
the most  inscrutable o f  all secrets. For that secret is n o  
other than the ultimate nature o f  L i f e .  T h e  great matter is  
to  keep  thel i t t le  knowledge o f i t  which we  possess safe from 
the confusing ef fect  o f  deceptive definitions. T h e  real uni- 
ties o f  Nature will never b e  reached b y  con founding  her 
distinctions. For certain purposes it may be a legitimate 
attempt to reduce the definition o f  L i f e  to  its lolvest terms- 
that is  to say, it may be legitimate to fix our attention ex -  
clusivelj- o n  those characteristics wliicli are common to L i f e  
in its lowest aud in  its highest forms ,  aud to set aside all 
other characteristics in  ~ v h i c h  theyd i f f e r .  It may  b e  use fu l  
sometimes to  look at L i f e  under the terms o f  such a defini- 
t ion,  in  order, for  example,  the better to  conceive some o f  
its relations wit11 other things. But in  doing so w e  mus t  
take care not to  drop out  o f  the terms so defining L i fe  any- 
thing really essential to the very idea o f  it. Artificial defini- 
t ions o f  this lrind are clanyerous experitnetlts in philosophy. 
It is  very easy b y  mere artifices o f  language to obliterate the 
most  absolute distinctions .ivhich exist in Xn t i~re .  Between 
the liviug and the non-living there is  a great gu l f  t ixed,  and 
the indissoluble connection vvhich somehow, nevertheless, 
me l i n o ~ v  to  exist between them is  a connection which does 
not fill u p  that g u l f ,  bu t  is  lrept u p b y  somebl idge  being,  as 
it were, artificiallybuilt across it .  T h i s u n i t y ,  l i ke  the other 
unities o f  Nature, is  not a uni ty  consisting o f  mere contin- 
ui ty  o f  substance. It is  not founded u p o n  sameness, b u t ,  
011 the contrary, rather u p o n  di f ference,  and even u p o n  an- 
tagonisnls. O n l y  the forces irhich are thus  different and 
opposed are subordinate to  a system o f  adaptation and ad- 
justment. Xor  mus t  w e  fail to notice the kind o f  uni ty  
~\-hich is implied in  the very words " adaptation" and " ad-
justinent "-and, above all others, in  the special adjustments  
conilected with organic L i f e .  There are many  unions wliich 
d o  not involve the idea o f  adjustment ,  or wliich involve it 
only  in  the most  rudimentary form.  T h e  mere chemical 
union o f  two or rnore elements-unless under special con- 
ditions-is not properly an adjustment .  W e  should not  
naturally call the formation o f  rust an adjustment  between 
the oxygen  o f  the atmosphere and metallic iron. W h e n  
the combinations ef fected b y  the play o f  chemical afti-
uities are brought about b y  the selection o f  elements 
so placed within reach o f  each other's reactions as to  
result in a given product, then  that product would 
b e  accurately described as the result o f  co-ordination 
and adjustment .  But  the Bind o f  co-ordination and 
adjustment ml~icll appears in  the facts o f  L i f e  is  o f  a still 
higher and more complicated kind than this. Whatever  
the relationship may  b e  between living organisms and the 
elements ,  or elementary forces o f  external Nature, it cer-
tainly is not the relationship o f  mere chemical affinities. O n  

. . 

2 The Reign of Law." 
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the contrary, the unions which these affinities by the~nselves 
produce can only be reached through the dissolution and 
destruction of living bodies. The  subjugation of chemical 
forces under some Iliglier form of energy, which works 
them for the continued maintenance of a separate individu- 
ality-this is of the very essence of Life. The destruction 
of that separateness is of the very essence of death. It is 
not Life, but the cessation of Life, ~vhich,  in this sense and 
after this manner, effects a chemical union of the elements 
of the body with the elements around it. Tliere is indeed 
an adjustment-a close, an intricate adjustment-between 
these and the living b o d y ;  but it is an adjustment of them 
under the controlling energy of a power which cannot be 
identified with any other, and ~vhich  always presents pheno- 
mena peculiar to itself. Under that power we see that the 
laws and forces of chemical affinity, a s  exhibitecl apart from 
Life, are held, a s  it were, to service-compelled, indeed, to 
minister but  not allowed to rule. Through an infinite 
variety of organisms, this mysterious subordination is main- 
tained, ministering through a c  ascending series to higher 
and higher grades of sensation, perception, consciousness, 
and thouglit. 

And here we come in sight of the highest adjustment of all, 
Sensation, perception, consciousness, and thought-these, if 
they be not the very essence of Life, are at least-in their 
order-itsliighest accompaniments and result. They are the 
ultimate facts, they are the final realities, to which all lesser 
adjustments are tliemselves adjusted. For,  as  the elemen- 
tar? substances and the elementary forces of Nature ~vhich 
are used in the building of the body are there held by the 
energies of Life under a special and peculiar relation to those 
same elements and to those same forces outside the body, 
so also are they held in peculiar relations to those character- 
istic powers in wliich we are compelled to recognize the rudi- 
nlentary faculties of mind, Sensation is  the first of these, 
and if it be the lowest, it is at least the indispensable basis 
of all the rest. A s  such, it cannot be studied too attentively 
in the first stages of its appearance, if we desire to under- 
stand the unity of ~vhich it is the index and result. W e  
have seen that the mecl~anism of living bodies is one 
throughout the ~vhole  range of animal Life-one in its gen- 
era1 plan, and one even in the arrangement of many of its 
details. W e  have seen, too, that this unity rests upon that 
other-in virtue of mhicli all organisms depend for the 
maintenance of their life, upon adjustlnents to certain 
physical laws wliich are held, a s  it were, in vassalage, and 
compelled to service ; doing in that service what they never 
do alone, and not doing in that service wliat they always do 
when freed from it. 

And now we have to ask what that sel-vice i s ?  W e  can 
only say that it is the service of Life in all its manifestations, 
from those ~vhicll we see in the lowest creatures up to the 
highest of which, in addition, we are co~lscious in ourselves, 
I say " in addition "-because this is the fundamental les- 
son of physiology and of comparative anatomy-that the 
principle and the mechanism of sellsation are the same in 
all creatures, at least in all wliicli have the rudiments of a 
nervous system. This identity of principle and of struc-
ture in the machinery of sensation, taken togctlier wit11 the 
identity of the outward manifestations which accompany 
and indicate its presence in animals, makes it certain that 
in itself it is everywhere the samc. This does not mean, of 
course-very far from it-that the range of pleasure or of 
pain consequent on set~satiotl-still less the range of intel- 
ligent perception-is the same throughout the animal liing- 
dom. The  range of pleasure or of pain, and still more the 
range of intelligent perception, depends on  the associatioil 
of higher faculties with mere sensation, and upon other 
peculiarities or conditions of organization. W e  all know 
by our own experience, when comparing ourselves with 
ourselves in different states of liealtll or of disease, and by 
observing the like facts ill others, that the degree of pleas-
ure or of suffering, of emotion or of intellectual activity, 
~vliicli is conilected with sensation, may be almost infinitely 
various according to various coilditions of the body. But 
this does not affect the general proposition that sensatioi~ is 
in itself one thing tlirougliout the aili~nal Iiingdom. It 
cannot be defined in language, because all language is 
founded on it, assumes it to bc Iinown, aild uses the meta- 
phors it supplies for the expression of our highest intellec- 

tual conceptions. But though it cannot be defined, this at 
least we can say concerning it, that sensation is the charac- 
teristic property of animal life ; that it is an affection of the 
" amma," of that which distinguishes animate from inani- 
mate things, and that a s  such it constitutes one of the most 
essential of the fundamental properties of mind. So true 
is this, that the very word "idea," which has played a me- 
morable part in the history of speculation, and which in 
common speech has now come to be generally associated 
with the highest intellectual abstractions, has had in modern 
philosophy no other definite meaning than the impressions 
or mental images received through the senses. This is the 
meaning attached to it (although, perhaps, no writer has 
ever adhered to it with perfect consistency) in the writings 
of Descartes, of Loclte, and of Bishop Berkeley ; and it is  
well worthy of remark that the most extreme doctrine of 
Idealism, which denies the reality of matter, and,  indeed, 
the reality of everything except mind, is a doctrine whicl~ 
may be as logically founded upon sensation in a Zoophyte 
as upon sensation in a Man. The famous proposition of 
Bishop Berkeley, which he considers as almost self-evi-
dently true, "that the various sensations, or ideas imprinted 
on the sense, cannot exist otherwise than in the mind per- 
ceiving them," is a proposition clearly applicable to all 
forms of sensation whatever. For every sensation of an 
organisnl is equally in the nature of an " idea" in being an 
affection of the living principle, which alone is susceptible 
of sucli affections ; and it is plainly impossible to conceive 
any sense-impression ~vliatever as existing outside a living 
and perceiving creature. 

We are now, indeed, so accustomed to attach the word 
" idea"  to the highest exercises of mind, and to confine the 
word " mind " itself to some of its higher mai~ifestations, 
that it may startle some men to be told that sensation is in 
itself a mental affection. W e  have, however, only to con- 
sider for a moment how inseparably connected sensation is  
with appetite and with perception, to be convinced that in 
the phenomena of sensation we have the first raw materials 
and the first small beginnings of Intelliget~ce and of Will. It 
is  this fundamet~tal character of sensation which explains and 
justifies the assertion of philosophers-an assertion which at 
first sight appears to be a mere paradox-that the "ideas " 
we receive tlirougli th: senses have no " likeness " to the ob- 
jects they represent. For that assertion, after all, means notli- 
ing more than this-that the impressions made by external 
things upon living beings through the senses, are in them- 
selves mental impressions, and as suck cannot be conceived 
as l ike in tlieir own nature to inanimate and external ob-
jects. It is the mental quality of all sensation, considered 
in itself, which is  really affirmed in this denial of likeness 
between the affections of sense and the things which pro-
duce those affections in us. It is o n e  of the many forms in 
which we are compelled to recognize the inconceivableness 
of any sort of resemblalice between Mind and Matter, be- 
tween external things and our own perceptive powers. 

And get it is across this great gulf of difference-appa-
rently so broad and so  profound-that the highest unity of 
Xature is nevertheless established. Matter built up and 
woven into "organs" under the powers of Life is the strong 
foundation on which this unity is established. It is the 
unity which exists between the living organism and the ele- 
ments around it which renders that oryanism the appro- 
priate channel of mental communication with the external 
world, and a faithful interpreter of its signs. And this the 
organism is-not only by virtue of its substance and com-
position, but also ana  especially by virtue of its adjusted 
structures. All the organs of sense discharge tlieir func-
tions in virtue of a purely meclrar~ical adjustment between 
the structure of the organ and the particular form of exter- 
nal force which it is intended to receive and to transmit, 
How fine those adjustments are can best be understood 
when we remember tllat the retina of the eye is a machine 
whicll measures and distinguishes between vibrations which 
are now known to differ from each other by only a few mil- 
lionths of an inch. Yet this amount af difference. is re- 
corded and made instantly appreciable in the sensations of 
color by the adjusted mechanism of the eye. Another ad- 
justment, precisely the same in principle, between the vi- 
brations of Sound and the structure of the ear, enables 
those vibratioils to be similarly distiilguished in another 
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special form of the manifold language of sensation. i l n d  ! 
so of all the other organs of sense-they all perform their 
work in virtue of that purely mechanical adjustment which 
places them in a given relation to certain selected inani-
festations of external force, and these they faithfully trans- 
mit, according to a code of signals, the nature of which is 
one of the primary mysteries o i  Life, but tht: rruthfulness 
of which is at the same time one of the most certain of its 
facts. 

For it is upon this truthfulness-that is to say, upon a 
close and efficient correspondence between the impressions ~ of sense and certain realities of external Nature-that tlie 
success of every organism depends in the battle of life. 
rind all Life iilvolves a battle. It ccmes indeed to each i 

animal without effort of its own, but it cannot be main-
tained without individual exertion. That exertion may be 
of the simplest kind, nothing more than the rhythmic action 
of a muscle contracting and expanding so as to receive into 
a sac such substances as currents of water map bring along 
with them ; or it map be the more complex action required 
to make or induce the very currents, which are to bring the 
food ; or it may be the much more complex exertions re- 
quired in all active locoinotion for the pursuit and capture 
of prey ; all these forms of exertion exist, and are all re-
quired in endless variety in the anilnal world. And 
throughout the wholc of this vast series the very life of 
every creature depends on tile unity mhich exists between 
its sense-impressions and those realities of the external 
world which are specially related to them. There is therefore 
no conception of the n1i11d \vhich rests on a broader basis i 

of experience than that which affirms this unit).-a tlnitp 
which constitutes and guarantees the various senses with 
their corresponding appetites, each in its oxvn sphere of 
adapted relations to be exact and faithful interpreters of 
exterilal truth. 

A still more wonderful and striking proof is obtained of 
the unity of Nature, and a still 1nol.e instructive light is 
cast upon its souice and character, \vhen w observe ho\v 
far-reaching these interpretatioms of sense are even in 
the very lo\vest cre3tures ; how they are true not only 
in the immediate impressions they convey, but  true also 
a s  the index of truths which lie behind and beyond- 
of truths, that is to sap, which are not expressly in-
cluded-not directly represented-in either sensation or 
perception. This, indeed, is oi;e main function and 
use, and one universal characteristic of all sense-impres- 
sions, that over and above thepleasure they give to sentieilt 
creatures, they lead and guide to acts required by tlatural 
laws which are not themselves objects of sensation at 
all, and which therefore the creatures conforming to them 
cannot possibly either see or comprehend. It is thus that 
the appetite of hunger and the sense of taste, which in some 
form or other, however low, is perhaps the most universal 
sensation of animal organisms, is true not only as a guide 
to the substances which do actually g r a t i f ~  the sense con-
cerned, but true also in its unseen and unfelt relations with 
thosedemands or laws of force which render the assirnila- 
tion of new material an indispensable necessity in themain- 
tenance of animal life. Throughout the whole kingdom of 
Nature this law prevails. Sense-perceptions are in all ani- 
rnals indissolubly united with instai~taneous impulses to 
action. This action is almays directed to external tllings, 
It finds in these things the satisfaction of whatcver desire 
is  immediately concerned, and beyond illis it ministers to 
ends of which the animal knows nothing, but ~vhich are of 
the highest importance both in its own economy and in the 
general economy of Nature. 

The  wonderful instincts of the lower animals-the preci-
sion and perfection of their work-are a glorious example 
of this far reaching adjustment between the percepiions of 
sense and the laws which prevail in the external world. 
Narrow as the sphere of those perceptions may be, yet 
within that sphere they are almost absolutely true. And 
although the sphere is indeed narrow as regards the very 
low and limited intelligence with which it is  associated in 
the animals themselves, it is  a sphere which beyond the 
scope of their int-lligence can be sern to place them in un- 
conscious relation with endless r , i ?~as  o: co-orclinated ac-
tion. The  sentient actions of the l o n ~ r r  animals involve 
not merely the rudimentary powei ~~erc:eivingthe differ- 
ences which distinguish things, but ihr- n111ch higher power r 

of profiting by those relations betwecn things which are the 
foundation of all voluntary agency, and which place in the 
possession of living creatures the power of attaining ends 
tlirougll the employment of appropriate means. Tlle di-
rect and intuitive perception of things which stand in the 
relation of means to ends, though it may be entirely disso- 
ciated from any conscious recognition of this relation in it- 
self-that is to sap, the direct and intuitive perception of 
the necessity of doing one thing in order to attain to another 
thing-is in itself one of the very highest among the pread- 
justed liarmonies of Nature. For it must be remembered 
that those relations between things which render them cap- 
able of being used as nieans to ends are relations \vhich never 
can bc direct objects of sensation, and therefore the power of 
acting upon them is an intuition of something which is  
out of sight. It is a kind of dim seeing of that which is  
invisible. And even if it be separated entirely in the lower 
ailimals-as it almost certainly is-from anything compar- 
able 1vit11 our own l~rescient and reasoning powers, it does 
not the less involve in them a true and close relation 
between their instincts and the order of Nature with its 
laws. 

The spinning machinery ~vhich is provided in the body 
of a spider is not inore accurately adjusted to the viscid 
secretion mhich is provided for it, than the instinct of the 
spider is adjusted both to the consii-uctioll of its \\reb and 
also to the selection of likely places for the capture of its 
prey. Those birds and insects whose young are hatchecl 
by the heat of fermentation have an intuitive impulse to 
select the proper materials, and to gather them for the pur- 
pose. All creatures, guided sometimes apparently by 
senses of which we know nothing, are under l ikeimpulses 
to provide effectually for the nour i s l~ i~ ig  of their young. It 
is, moreover, most curious and iilstructive to observe that 
the extent of prevision which is involved in this process, 
and in the securing of the result, seems very often to be 
greater as  we descend in the scale of Xature, and in pro- 
portion as the parents are dissociated from the actual feed- 
ing or personal care of thcir young. Tlle Mainmnlia have 
ilothing to provide except food for themselves, and have 
at first, and for  a l o n g  time, no duty to perform beyond the 
disc11a1-ge of a purely physical function. Milk is secreted 
in thcin by a purely tlnconscious process, and the young 
need 110 instruction in thz art of sucking. Birds have 
much more to do-in the building of nests, in the choice 
of sites for these, and after illcubation in the choice of food 
adapted to the period of growth. Iiisects much lower iu 
the scale of organization, have to provide very often for a 
distant future, and for stages of development not only in 
the young but in the ?zii?zts which surrounds tlrein. 

There is one group of insects, mell-known to every oh-
server-the c o m ~ n o n  Gall-[lies-mliiclr Ira\-e the power of 
callillg on the vegetable xvorld to do for thein the n~orl; of 
nest-building ; and in response to thc i n c a ~ ~ s h y ~ \ ~ h i c h  these 
insects are l)rovidcd, the Oak or the Rose does actually 
lend its pomer of growth to provide a spccial itiiz'its 11y 
~vllich the plant protects the young insect as  carefully as it 
protects its own seed. Bees, if we are to believe the evi- 
dence of observers, have an intuitive gi~idallce in the selec- 
tion of food, which has tile poirer of producing organic 
changes in the bodies of the younp, and 11y the administra- 
tion of which, under ~vllat may be called artificial condi-
tions, tlie s c s  of certain selected individuals can he deter- 
mined, so tliat they may 11ccome the inotllers aild quccns of 
future hires. 

These are but a f c ~ v  examples of facts of ~vliich tlle whole 
ailillla1 ~vorlcl is 11111, 11i-eseiltii1g, ns it does, one vast series 
of a d j u s t i ~ ~ c n t s  bodilj- orgalls and corresp.onc1inghet\veen 
instincts. Rut this adjustineilt moulcl h e  useless uillcss it 
were part of another adjustment 11et~veen the instincts and 
perceptions of a~limals and those facts and forces of sur-
rounding Nature ~ r l ~ i c l i  are ielatecl to them, aild to tlie~vliole 
cycle of tliings of ~vliicli they foml a part. I11 those in-
stiilctire actions of the lower animals mllich inrolvc the 
most distant and the most complicated anticipatioils, it is 
clear that the prevision \vhicll is involvetl is a prevision 
which is not in tlie ailinlals tliumselves. T1leyal)l)car to be 
guided by some s i ~ n p l e  appetite, 1)y an odor or a taste, aild 
they have obviously no morc consciousness of the ends to 
be subserved, or of tlle nleclianisnl by ~vllich they are 
secured, than the sucltling has of the processes of nutrition. 
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T h e  path alongwhich they walk is a path which they did 
not engineer. I t  is a path made for  thein, and they simply 
follow it. But  the propensities and  tastes and feelings 
ml~ ich  nlake them fo l lo~v  it, and the r i ~ h t n e s s  o l  its direc- 
tion towards the ends  to be  obtninecl, d o  constitute a unity 
of adjustnlent ~ r l l i c h  I~ i i lds  togetller the ~v1101e ~vorlcl of 
Life, and the ;rllole inorg:~nic ~ v o r l d  on  xrhich living things 
depend.  

I Ilave called this adjustment mechanical, and so, in the 
strictest sense, it is. TVe must  take care, howiver ,  not to 
let our  conceptions of the realities of Nature be rendered 
indistinct by those elements of m ~ t a p h o r  ml~icll ntouild in 
language. These elemtnts ,  indeed,  when kept  in their 
proper places, are not only t!:e indispensable auxil rrries of 
t l lo~g l l t ,I ~ u tthey represent those perceptions of the mind 
wllicll are the highest and the most a l~solutelytrue. Thi y 
are tile recognition-often the u n c o n s c i o ~ ~ s  recognition--of 
the central unities of Nature,  Nevertlleless, they are the 
prolific source of error w l ~ e n  not closely ~ v a t c l ~ e d .  Because 
all the functions and p l ~ e n o n ~ e n a o f  Life appear to be strictly 
c o n n e c ~ e dwith an apparatus, and may therefore be regarded 
as  blought about by adjustments ~vh ich  are mechrrnical, 
therefore it has  been crncluded that those phenomena, even 
the most purely mental, are lnecllanical in the srrnle sense 
in  mhicll tlie \votli is called nlecllanical ~vh ich  huinan ma-
chines perfornl. Are not all animals " au tomata?"  Are 
they not " illere machines ? " This  question has l ~ e e n  re-
vived f ~ o m  age to age since philosophy began, and has been 
discussed in our  otrn time with all the aid wllicll the most 
recent 1111~-siological expcrinleilt can afford. I t  is a question 
of est lenie  intei-est in its bearing on  our  pi-esent subject. 
T h e  sense in ~vliich, and the degree to ~vhich,  all mental 
~ l l e n o n l e n aare founded on,  and arc the res~ l l t  of mecllani- 
cal adjustments, is a question of the higllest interest and 
impoi-tance. 'I'lle phenomena of instinct, rrs exliibittd in 
the lolvei- animals, are ~nldoubtei l ly  rlle field of obselvation 
in mllicll the solution of this question may best be found,  
and I cannot better explain the aspect ill ~ rh ic l l  it presents 
itself to me, that1 11). discussing it in cot~nect ion with certain 
exllibirions of ailinla1 instinct ~vhicll I had occasion to ob- 
sei-ve dui-ing the spring and summer of 1874. They wei-e 
not uncoinmon cases. On  the contrary, they were of a kind 
of ~vliich the ~ v h o l e  world is full.  But not the less directly 
did they su&gest all the p rob len~s  undei- discussion, and not 
the less foicibly did they strilie me with the adiniration and 
the wonder ~ ~ ~ l ~ i c l i  110 fainili:~rity call e ~ l ~ a u s t .  

--------Ut---

Ih3I'IZOVEhIENT O F  THE ;\IISSISSII'I'I RIVER.':' 
BY PI~oI ' .IT?. H. B.ILLOU. 

T h e  Mississippi River is the nlost gigantic parasite 
known to m t n .  T h e  least possible estimate, conlputed 
froin data in hand,  sllows that the a i r n ~ ~ a l  arerage for the last 
thirty years, of money expc nded r n  it for improvements, 
and lost through its depredations, exceeds $7,ooo,ooo. 
Ful ly one-third of this suin is used by the government, 
States and private individuals to keep the stream and  its 
tributai-ies in an " iinproved condition." 'I'he table will 
show the average of the expenditures obtained for the last 
thirty years : 
Expenditures of t he  States o f  llirsissippi, Louisiana ar.d 

Ar l~ansason l e ~ e e s  ii1,ce 3S.q ........................ $~on,ogo,aoo 
Expended I]), $ h e  go\eriiment .ind private ii~dividuals-

eitlm:?te ............................................... ga,apa,aoo 
Dar.lnye 11). floods, ice gorgea, etc., to levees, property, life 

e ~ c ..................................................... 8u,ooo,oou 

'I'otal ............................................ > , 9 , 
$2-0 n a oao 
Avrl.age per almum, $7,669,6~6. 

1'0this may be added 26>772,3711 acres of land g ~ a n t e d  to 
the above States  by the  govern~ncnt  in 1849, the valar  
being about $10 pcr :icle ............................... 267,771,750 


'rota1 ............................................ $497-813~79o ~ 
Averasc per year ,  $ib.ooo,oon, 

Only those ~ ~ h o  are acquaillted 7vitll tile strealll and its 1 
peculiarities llal-e an idea l l o ~  unmanageat le  it is. T h e  
unstable condition of the soil of tlle countly througll which 
it floxr~s renders it an object of distrust to the inhabitants of 
its border. Such is the treacllerous condition of  its rela- i 
tions that for sixty-two years the ingenuity of inan has con- 
trived no  check on  i ts  action. The  causes of this 
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4: Read bcfore thc  A. A. A. S., Boston, 1880. 

of things are  found partly in the river-bed. T h e  sedimen- 
tary deposit varies from 60 to IOO feet in depth. It is gen- 
erally composed of silt, with a mixture of clay and sand,  
which, having been deposited by the r i rcr ,  is at i!s disposal 
to lie still or be shifted about. It is evident that no  ordi- 
nary coilstruction can long stand unless it has  a foundation 
penetrating this bed to a rock stratum. T h e  great bridge 
at St. Louis ,  for instance, has  its piers resting on  the lime- 
stone bed-rock, under  a sedimentary deposit of seventy 
feet. T h e  1-ailway bridge at the mouth of the hlinnesota 
river has its piers lodged on  a slender stratum of hard earth 
sixty feet beneath the river's bottom. It is further admitted 
that in boring through this stmtuin a soft layer was s t ruck,  
wllich would not upllold the red's weight. At  Cairo, Ill., 
in 1877, the United States corps of engineers, under  Lieu- 
tenant D .  TV. Lock\rood, made borings to a depth of 87 
feet ~v i thou t  encounteriilg any stratum liarcler thail sand.  
A t  this point tlle machinery brolte dolvn and operations 
mere suspended,  At  a depth of 33 feet the auger pene- 
trated a cottonwood log, hardly ready to decay, sllowing 
conclusively the facility wit11 which the river nlakes its own 
bed. A t  the same place it is stated on  good authority that 
piles, one  011 another, have been clriveil to a depth of 125 
feet withoct encountering a rocky stratum. 

T h e  story of its great width is even more remarkable. 
Near Cairo, Ill., the river moved a mile out  of i ts  course in 
one  year, and i s  c o n t i n ~ ~ a l l y  changing at  that point. Still 
more remarltable are  the operations of the hlissouri river. 
A t  one time Council Bluffs enjoyed its presence in the i x -  
mediate proximity, and the benefitsof its commerce, in conse- 
quence of which the city became the terminus for Western rail- 
ways in preference to Omaha,  t1,ree times its size. These  rail- 
roads erected depots  and stationed officps of general Western 
superintendents  there. T h e  Union Pacific constructed a n  
immense bridge, and in common with other railways built a 
union depot at the Bluffs. No  sooner mas the work com- 
pleted, than the hlissouri performed the rare feat of moving 
its course to Omaha, three miles away. There is no end  to 
instances of this kind on a smaller scale. It may be safely 
asserted that from its narrowest point the hIississippi varies 
to twenty miles in width. I t  is no  wgnder, then, that the 
present embankment  system is inadequate. Appropriations 
are  only asked at present for em11anl;ments as  tar north as  
Cairo. I t  is evident, however, that the sedimentary bed ex- 
tended nearly to the source of the Alississippi, and  that 
not only must  the 1x0 miles from New Orleans to Cairo be 
embanked,  but  also the greater shore l ine above the latte 
city on  both this river and  tlie Rlissouri. A n  explanation 
of the frequent c les t r~~c t ion  of levees, dikes and  embank- 
ments  is found in the method of their consti-uction. When  
the current leaves the middle and  runs  along one  s ide of 
the stream, the bank is rapidly torn down. A t  this point 
the corps of engineers proceed to build a dike to resist the 
destructive force. A rip-rap is first constructed which con- 
sists of a raft covered with long poles, placed cross-wise in 
alternate layers. Th i s  i s  loaded with heavy stoncs and 
sunk  near  the shore. Outside of it long poles are driven 
to a depth of twenty or  thirty feet, and sometimes to twice 
these depths. Brush and s tones are  heaped upon their 
foundation until a perpendicular c-mbanliment is completed 
on a level with the top of tlie bank.  O n e  would think that 
this  ponderous dike would stand for ages. But so vaccil-
latinp is the silt bed underneath that the water keeps  work- 
ing the outer edge with powerful results. l'lle kmbank-
tnent settles, sometimes :oppling over, and  again dropping 
suddenlv from sieht. Often the water works in behind 
these constructions and  leaves them nut i n  the stream. 
T h u s  it happens that the river i s  at ~vor l i  at innumerable 
points, tearing away i ts  banlis a n d  defying the stluctures 
in  use to hold it in check. 

I n  its work of destruction the current has some formid- 
able aids. I n  the winter ice floats do1~7n continuallj-. So 
immense are  these cakes at times that three, and even two 
coming down stream abreast will get c a w h t  on the s ides of 
the river, in some narrow channel, and form a bridge. Th is  
bridge effectually holds back all oncoming ice. T h e  great 
and small cakes coming down in large quantities join 
under ,  over and  behind the bridge, piling u p  to a great 
height, forming a gigantic gorge. Th is  mass finally breaks 
away ; no  power yet inaugurated by the hand of man is able  
to withstand it. Embankments ,  boats, live stocli, people, 


