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QUESTIONS relating: to the
nature and origin of the pheno-
mena of life, especially when ex-
tended to man as an intellectual
and spiritual being, naturally pre-
sent themselves under two distinet
aspects,—first, in the direct and
immediate relation which they may
bear to the existence and attributes
of an Omnipotent Creator and
All-wise Governor of the universe ;
and secondly, in their relation to
the secondary causes to which we
refer the more ordinary phenomena
of inorganic matter. The first may
be called the religious or theological
aspect, the second the scientific
aspect of such questions. It hastoo
frequently happened that men of
pious minds and strong religious
convictions have regarded this
latter view of such subjects as in-
consistent with the reverence due
to the Deity, and have sometimes,
moreover, been ready to brand with
hard names those who -enter-
tain such views; while the latter,
in their turn, have often shown
little sympathy with the feelings of

®roverenco and piety in which the

sumption which would claim evenm
for some of the vaguest conclusions
of man’s intellect a weight and au-
thority beyond that which may be
assigned to higher sources of our
knowledge. But at all events, if
any one believe that the phenomena
of life can be accounted for by the
same laws as those which govern
the combinations of inorganic
matter, let him feel, that the subject
is freely open to his researches ;
but while we concede to him en-
tirely the right of conducting his
investigations on the same prin-
ciples as we recognise in all inves-
tigations of the laws of inorganic
matter, let him also understand
that we exact from him in the sup-
port of his theories the same logical
reasoning and the. same kind of
general evidence as we demand
before we yield our assent to more
ordinary physical theories. While
we admit the same principles of
research, we cannot admit different
principles of interpretation, and
yield our assent to the naturalist
on evidence which we should
utterly reject in the physicist, Let

opinions of their may
have originated. This is deeply to
be regretted, and we are anxious
to express at once our respect for
the sentiments of piety in which
we believe opposition to science to
have frequently arisen, and our un-
equivocal belief that all the pheno-
mena_which nature presents to us
constitute legitimate objects of
scientific investigation. ~ At the
same time, the subjects to which
‘we are here more especially allud-
ing, require that such investigations
be conducted with modesty and
reverence, and not with that pre-
VOL. XL NO. CCCLXVL

the in of the causes of
vital phenomena state his evidence
in support of his_theories; it is
then for us to test the claim of such
theories to our belief by instituting
an impartial comparison between
the weight of the evidence adduced,
and that which we demand in the
theories respecting inorganic mat-
ter ; and moreover, if his theories
necessarily involve materialistic
or pantheistic conclusions, we are
bound to weigh his evidence in the
balance against those general con-
siderations which are opposed to
materialism and pantheism, and to
3%
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Tejech it if found wanting. Tt is
impossible, we_repeat, to n.d‘z_nib
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Again, in the science of optics, all
the phenomena of reflexion, re-

laxityof tothe

fraction, &e., were

while we insist on_rigorous proof
in the physicist., He who appeals
to Ceesar must be judged by Ceesar’s
laws.

Let us, then, consider the logical
course of research which will thus
be prescribed to the naturalist who
would enter with the true &pirit of
indactive philosophy into what
may be termed the physical inves-
tigations of his subject. The first
step will be the generalization of
the observed phenomens, - which,
+that we may speak of them the more
simply and definitely, we may sup-
pose to be restricted ‘not- merely
to organmic matter, buf to’ animal
Tife. Tt will embraco’ he clas-

observed, and the corresponding
laws of reflexion, refraction, &e.,
were deduced from them; and so
we might enumerate every other
branch of %hysical science. Now,
it will be observed that in the three
sciences specified above,. the laws
immediately deduced from the
grouping of the observed facts are
entively indeﬁendent of any theory
respecting the physical causes to
which the phenomena may be re-
ferable. They admit for the most
art of being enunciated in the
anguage of pure geometry, and
are frequently termed the geome-
trical laws of the phenomena, in
contradistinction to the laws by
wlhich the physical causes of those

sification of animals, their struc-
tural ization, the edrrelatic

of their various organs, the adap-
tation of those organs. to the
functions which they are required
to perform, and, i short, the
grouping together of the particular
phenomena in such @ manner as
to indicate any laws by which
they may be connected. In every
physical ™ investigation the first
step is a precisely analogous one.
In crystal lugra.iphy, for instance,
it consists, of the recognition
of the various forms of crystals,
and the geometrical laws by which
those forms are connected, foge-
ther with any other characteristic
phenomena which may belong to
crystalline bodies. In astronomy,

may be governed.

It is manifest that these geome-
trical laws in the physical sciences
above specified, are exactly analo-

ous to those which may be in-
erred from the generalizations of
the phenomena of animal life.
Cuvier, as is well known, made an.
enormous advance in these genera-
lizations, especially in basing them
not merely on external characters,
but on anatomical structure.
Hence he was enabled to deduce
his most important law respecting
the correlation of different organs,
and their individual and combined
adaptation to meet the peculiar
necessities of each class of the
animal kingdom. He thus became
th d of the doc-

the analogous first step

ourselves to the solar system) con~
sists in the observatjons of the
motions of the planets and satel-
lites, with any other 'phenomend
which may present, {themselves,
followed by the grouping together
of such observed facts gs seem to
be connected by general laws.
Thus Kepler, after years of ‘obser-
vation on the Elmetaky motions,
‘deduced from the dbserved pheno-
mena the three great:laws which
.characterize those motions—that of
.elliptic motion, of the uniform de-
scription of areas, and that which
expresses the relation‘between the
periodic times of the planets and.
the longest axes of their orbits.

o
trine of ¥inal Causes. -But before
the close of Cuvier’s life, another
school of zoologists and anatomists
arose, who were not satisfied with
what they regarded as the compa-
ratively narrow limits of his gene-
ralizations. They sought to dis-
cover something that might lead us
nearer to the cause and origin of
those organs which Cuvier had re-
garded chiefly in subservience to
the animal wants which they were
intended by a beneficent Creator
to supply. It was a

idea of this school of transcen-
dental anatomy, as it was called
(of which Geofiroy. St. Hilaire was
one of the principal leaders), that



1860.]

the whole animate creation was
constructed according to a uniform
plan, and that consequently there
must be some form of organization

. The Sehool of Transcendental. Anatomvists..
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conditions as the problem presents
to us, The results thus obtained
must: then be.compared with the
observed ph and the proof

which_ presented a general type of
animal structure; every individual
form being only a particular modi-
fication of this typical one, The
attempts to discover this typical
form led to the assertion of resem-
blances in seme cases, which could
only be recognised by a wild ima-
gination, and exposed  these re-
searches to the charge of great ex-
travagance. They led, moreover;
in manfr instances to the adoption
of pantheistic views, and the utter
rejection of the doctrine of final
causes, and of the belief in a
Supreme Intelligence and personal
Governor of the universe. Inde-
pendently, however, of all such
collateral views, the search for a
typical form of animal organization,
as a higher order of generalization
than had been previously arrived
at, was, in a philosophical point of
view, strictly legitimate, and per-
fectly in accordance with the ruleg
of inductive philosophy. Restricted
as it appears to have been of late
to_the vertebrate skeleton, it has
led to a generalization of structural
characters which, thongh it may
not in_any one precise form ecom-
mand the universal assent of natu-
ralists, must be recognised as an
imfo\jb;mt step.in the subject.

et us now consider the next
logical step to.be taken with the
view of establishing a physical
theory of these -vital phenomena;
end in accordance with the:process
of investigation: which is deemed
imperative in forming our' theories
Tespecting inanimate matter. In
the most. perfect physical sciences;
the observed laws of the phenomena
(their geometrical laws) have sug-
gested some physical cause towhich
the phenomena may be due, or if
the mode of expression be:pre~
ferred, some higher generalization,
"Then, assuming' the truth.of our
hypothetical . cause, we must cal-
culate. or investigate by the -best;
means which the subject  may
supply; the necessary consequences
which: must result from the action
of the cause: assigned under such

that our assumed. cause is the true
one will consist, first, in- the ae-
curacy” with which we can deter~
mine its necessary consequences
and, secondly, on the degree of ac-
cordance which we can .establish
between those consequences and
the existing observed phenomena:
These two last-mentioned parti-
culars are the important ones of the
proof; for whether the hypothesis
of the assigned cause be suggested
by a careful consideration of the

reviously observed phenomena, or

Y any & priori-considerations, is
manifestly -of no importance so
long as we: can establish the ac-
cordance between the essential

our hypothetical
cause and existing facts.

All this is so well known to
scientific -men, that these detailed
remarks might almost seem to re-
quire an apology were it less cet-
tain than it is, that however well
the abstract philosophical rules of
theorizing in physical subjects may

e known, many people will -still
theorize as if Bacon and Newton
had never lived. Our special ob-
Jject, too, is to inquire how far those
naturalists who have aspired to
this higher-orderof generalization,
and have sought to ascertain the
physical causes of the origin and
nature: of vital phenomena, have
complied with the essential rules
we have indicated, before- they
claim our, acquiescence in ‘their
theories. "And in' order to es-
tablish' a standard to which' the
amount’of evidence in favour of
any particular’ theory may’ be re-
ferred; et us briefly consider the
evidence ‘on. which we base our
convictions of -the truth--of  the
theory of gravitation. as applied to
the phenomenai of the solar system;
and’ that of the Undulatory theory
of light, these being the two most-
perfect physical: theories which we
possess;. ‘-

Newton was led (whether by the
falling apple or more profound con-
siderations is of little: importance)
to assign the:mutual gravitation of
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all particles of matter-towards cach
other as the physical cause which
governs the motion of the moon,
and, by an extension of the hypo-
thesis, the motions also of all the
bodies of the solar system. More-
over, it was assumed that the in-
tensity of this mutual gravitation
or force of abtraction varies with
the distance between the mutually
attracting particles according to a
determinate law—that of the in-
verse square of the distance be-
tween the particles. In this hypo-

esis there is no ambiguity. On
the contrary, it is so determinate
that mathematicians have heen able
to deduce with the most refined
accuracy innumerableresults as the
necessary consequences of this as-
sumed gravitation ; while, on the
other hand, astronomers have been
able to observe with equally re-
fined accuracy the motions of the
various bodies of the solar system.
Hence we are in a position to com-
pare the results of caleulation with
those of observation, and their
exact accordance in all parficulars
affords the most perfect proof we
can conceive of the truth of a
physical theory. It is the case to
which we must ever recur to un-
derstand the degree of ‘conclusive-
ness of which physical reasoning
is capable, and the amount of con-
viction which may be derived from
it. Such convietion can scarcely be
said to be less than that derivable
from the demonstrations of the
properties of numbers and of
space.

Again, let us turn to the theory
of light, or Physical Optics. We
have an immense number - of
carefully observed and accuratel;
defined optical phenomena depend-
ing on the reflexion, refraction,
polarization, double refraction, d&e.,
of Tight, which any theory of light
is imperatively called upon to ac-

count for, This is accomplished
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vibrations of its constituent mole-
cules, as a body becomes sonorous
in a state of similar though much
larger and less rapid vibrations.
All'free space and the pores of all
transparent bodies are assumed to
be occupied by a highly subtle and
refined elastic medium, to which
the vibrations of luminous bodies
are communicated, and by which
they are propngate& from one point
of space to another, as sound is pro-
pagated through the atmosphere;
and finally, the effect of light is as-
sumed to be prodnced by theaction
of the vibrating molecules of this
ethereal medium on our organs of
vision, in a manner similar fo that
in which the aerial vibrations pro-
duce the effect of sound by the
action of the contiguons particles
of the air on our organs of hearing.
Now from these simple hypotheses
we can deduce by mathematically
accurate reasoning a great variety
of consequences which are found
exactly to agree with the cor-
responding observed optical phe-
nomena, This theory, however, is
less perfect than that of gravita-
tion, since we cannot calculate all
the consequences of our hypotheses
with the same certainty as in the
latter theory, nor can we assert
an equally complete agreement in
every case between the results of
caleulation and those of observa-
tion. It is a case of somewhat
more imperfect evidence in support
of a physical theory; but still the
accordance between theory and
observation is so great that it
might be difficult to draw a line
between the conviction we feel of
the truth of the Undulatory theory,
and that perfect conviction with
which we regard the theory of
gravitation,

Other physical theories are for
the most part far inferior to the
two above mentioned in the eon-
clusiveness of the evidence on which
they rest. The theories of heat;

gy T 3 $

for an immense majority of these
T “Undm.
o

theory. In this theory the funda-
mental hypotheses :are extremel.

simple, and constituté a beautiful
generalization, A self-luminous
body is assumed to be so by virtue
of the extremely rapid and minute:

ctricity, an for in-
stance, are not yet reduced to the
same simple and certain elements
as those of gravitation and light ;
and in all such cases, whatever
he may think of the prepon-
derance of probabilities, & sound



1860.]

philosopher will hold his opinions
with a certain_degree of reticence
and reserve&tzll more perfect evi-
dence shall be adduced. Again, in
those branches of science in which
he must seek for the causes of the
observed phenomena in molecuhr
s, we can scarcely be said
to luve ldmeed beyond that stage
of investigation in which we group
and arrange observed phenomena
according to their more obvious re-
nemblancee, and deduce from them
:st“ hnvadterhmetialm physical
ronomy and physical o] tics, geo-
metrical wntndlp;hncmn
to the phyml causes to which in
those sciences the' phenomena are
ultimately referred. To take a
definite case, the cryntdlogmpber
has ascertained with great exact-
ness the various crystalline forms

Modes by which Physical Theories are Established,
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results of an infinite number of
mﬁnite ly small material particles
on each other at infinitely
distances, Considering the
nub,)ect ‘with respect merely to the
phenomena of crystallization, as
among the best defined and appa-
rently mo-ft simple xemlu of

ticians who have
$uxh all the difficulties of the

eory of gravitation have made
scarcely any progress in overcom-
ing the far ‘more complex difficul-
ties of the theory of molecular
actions. And if such be the diffi-

ties in the simplest branch of
ect, what must they be in
nitely more complicated
branches of the different depart-
ments of chemistry. Nearly all
that_has been effected in that ex-

and their relations to each other. tensive science, must be considered
He has thus done for his science asthe qenemhnuonu of phenomam
what K;ﬁrer did for Lhe e d laws

of the system. _The stepana- above upoken of in astronomy and
logous to that which Newton made optics, and still remaining to be

in referring the lunar and plane-
tary motions to gravitation, would
cousist in the determination of the
nature and laws of those mols

attractions from which the pheno-
mena of ion w It
as consequences. Some

ecessary
attempts have been made to inves-
tigate the nature of molecular
action, but without any consider-
ablo success, In all cases the g:ﬁih

referred, in some indefinitely more
advanced state of the science, to
molenular actions as their physical

Ie has been_our object in these
remarks to point out, in the ﬁm
place, as distinctly as youbl
modes of mvesuglt.\on

uh
our most perfect physical theonas
have beegxu{eaubha?‘ed, and by

which alone other physical theones
legree

difficulty lies i ind
the obsemved

a
o iy hereaft:

be

re the
Tnecessary m-uit.s of the phynul
causes to which they are attributed.
As we have already intimated, the
theory of gﬂnuuon is the only
one in which this has been per-
fectly effected. But with respect
to molecular attractions and their
effects the is infinitely more
difficult. Newton and succeeding
mathematicians have had to deter-
mine the motions of the hu“tni
‘bodies as depending on the mut
attractions of the finite and com-
paratively small number of bodies
which compose the solar system.
These are of finite magnitudes,
and at finite dm.mu from each
other ; whereas

established on ioundxmnx mf-
ficiently stable to secure
assent to their truth ; and, seco 33
to indicate' the enormous diffi

_ties which present themaelves in

the application of a similar mod
of research to those sciences which
involve the action of molecular
forces. Without following the in-
vestigations of the effects of these
forces in some of the simpler cases
in which they have been nttempted,
into the intricate details and ma-
themuncul complexities into which
e‘y n u perlu.ps impos-
sible iculties ;
md 11' t.hey be so greuz in mferenoe
to the oi mere fom

the effects of mulecnln- actions
we have to regard them as the

and n:mcture as
bodies, it seems hlghly pmhlbla
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that they must be far. greaterstill
in reference to all those phenomena
wlurh depend on_the qualitative

Femes of bodies, phenomena
vut; which the science of chemistry

eals so largely.

In examining the process of rea-
soning and investigation above
described, we observe that the
great difficulty in every instance
is in the exact determination,
whether by mathematical or other
accurate modes of reasoning, of
the consequences .which would
necessarily result from the action
of the physical causes hypotheti-
cally assigned as the true causes of
the " observed phenomena.” In all
cases where the phenomenadepend
on the molecul“:nr actions of the
constituent particles of matter, this
difficulty has been reall; found in-
vincible ; for even in thie simplest
cases, which have reference only to
form and geometrical structure,
it has been very pamally, if at all,
overcome ; and in all that infinite
variety of cases in which the
qualitative properties of bodies are
concerned, it_has not even been
ap) roached. Now if such be the

ifficulties which beset the ecom-
pletion of our theories of 1
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which have been really attempted.

We doubt whether many of those’
who_have believed in such solu-
tions have ever formed a distinct

of what the plet

solution is—complete, we mean in
the sense in which Newton’s solu-
tion of the problem of the planetary
motions is complete, for any com-
pleteness of solution at which man
can arrive must necessarily be rela-
tive* We suspect, for Instance,,
that those earlier transcendentalists.
who sought for this solution in the
umty of type for the whole animate
creation, fell into'a confusion of
ideas similar to that into which we
should fall in confounding Keplers
geometrical laws with Newton’s
higher generalization, or p].n sical
solution of the pmi)lem of the
planetary motions. At all events,

1o determination of the nature of
vital forces, nor any explanation
which they may afford of vital phe-
nomena, can be rendered complete
and demonstrative except by the
process of reasoning and investiga~
tion we have described ; and it is
only by an_appeal to the solution
of the problem which would be
thus_obtained, that we can judge
of the of “other

matter, what must they be with
reference to organic matter; and
not only organic but animatematter,
and further still, with reference to
the connexion of mind with matter?
‘When we congider the array of
these enormous cumulative diffi-
culties, we cannot but smile at the
thought that we should at present
l\opc to arrive at even the most re-
mote approximation o the real
solution of the problem of vital
phenomena.

But, it may be objected, tlns is
not the solution of the problem) or
the mode of effecting it which has
ever been contemplated. We be-
lieve it. ~ Still it is not less the only

solutions, and of the degree of con-
fidence to which they may be en-
titled. We shall proceed to ex-
amine certain theories which have
been offered, and more particularly
in the sequel that put forth by
Mr. Darwin in his recent work on
Z'he Origin of Species, with the view
of estimating their value on the
principle here stated.

The first theory we have tonatice
is that of Lamarck, a distinguished
TFrench naturalist at the end of the
last and beginning of the present
century. 1t is fully developed in
his Zoologie Philosopliique, pub-
lished in 1809, It embraces the
origin of life from inorganic matter,

complete and d ive solu-
tion which it admits of ; and our
especial object in thus clearly and
explicitly indicating it, is that we
may the more wrrectly estimate
the value of the vague solutions

and. man, regm‘ded not
merely as an animate, but as an
intellectual being. We consider
his theory of the origin of life
altogether woﬂhless as a physical
theory, but it serves well to

* A more complete sSlmm than Newton’s, for instance, might determine the-
origin and cause of gravity in some more simple and elementary property of matter.



1860.]

elucidate the point in which all
such theories utterly fail ; and this,
as well as other parts of his gene-
ral theory, seems to us to afford a
curious proof of the union of
great  acuteness of observation
and large views in the grouping
and classification of natural objects
and phenomena, with the want of
that judicial power by which a
man is enabled to estimate the true
weight of the evidence laid before
him, and the degree of confidence
with which it ought to inspire us.
Ts it that the power and habit of
minute external. observation is so
far opposed to the power and habit
of abstract reasoning that they are
rarely found coexistent in the same
mind? Assuredly we should not
often expect to find in the abstract
philosopher the best observer of
external objects; and it migl;n;

Lamarck's Theory.

745

cellular membranes, and also to act
upon the contained fluid, thus call-
ing forth the vital actions of the

mass.

The above general description of
the masses which constitute animal
organs would not, we conceive, be
materially objected to by physio-
logists of the present day; and
regarding vital phenomena as the
result altogether of Jmhysicnl causes,
Lamarck committed no violation of
the strictest rules of philosophic
reasoning in the assumption that
the exciting cause—that which
gives real vitality to the cellular
mass—was some such circumam-
bient medium as above described.
He had the same right to assume
this as any other philosopher has
to assume the existence of that re-
fined ethereal medium by means of
which, as already intimated, light
is d to be from.

perhaps be equaily
to expect generally in the acute
observer the higher powers of
abstract reasoning,

According to Lamarck, all ani-
mate matter is composed of, or
immediately results from, a cellular
tissue, forming the substance of all
vital organs, or surrounding and
ginvesting every separate portion of
them. It consists of an aggregation
of minute cells filled with a more
or less compound fluid incapable
of permeating the membranous
walls of the cells, the whole con-
stituting a soft and flexible mass,
But this mass would not be a living
mass unless acted on by some
exciting canse which puts the con-
tained fluids in motion and gives
to the mass its ]rxf‘openies of
animate existence. This exciting
cause is supposed to be found in
some circumambient ethereal fluid
pervading all space in which
animate matter can exist. The
principal of these fluids (as such
they are spoken of) are supposed
to be heat and electricity, with a
certain degree of humidity, these
being in fact, as we well know,
convenient agencies by which a
bold philosopher in  those days

one point of space 1o another, or to
assume that gravity is a unives y
property of matter and the cause of
the planetary motions. But then
comes ]:he n:lxt i’cep in the proof }gf
any ical theory, always the
mostpdi('y?ilcult, and ‘that inywhich
every false or imperfect theory
necessarily fails. It consistsin the
investigation of the necessary con-
sequences of the cause assigned,

. acting under probable conditions,

and in showing the accordance o
the results thus obtained with
existing pt TPhilosoph
have not established the theory of
gravitation ortheUndulatory theory
of light by asserting merely their
belief that the causes assigned ac='
cording to the fundamental h;
theses of those theories, are capable
of producing the. phenomena thus
referred to them. They are not
content to say that it may be so,
and thus to build up theories base
on bare possibilities. They prove,
on the contrary, by modes of in-
vestigation which cannot be wrong,
that phenomena exactly such as are
observed would necessarily, not by
some vague possibility, result from
the causes hypothet‘csily assigned,
thus bl

the most

those causes to

obstacles which might beset him,
These are assumed to produce and
maintain a certain iritability in the

be the true causes, Lamarck, on
the contrary, and-those who reason
like him, content themselves with
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the mere assertion that phenomena
exactly according with existing
phenomena will, or rather may,
result from the physical causes to
which their theories refer them.
Thus, Lamarck asserts that from
some gelatinous or mucilaginous
mass, nature, in some way or other,
forms the cellular tissue which, be-
comes a living mass when acted on

y the supposed circumambient
medium. This constitutes,accord-
ing to his theory, the orign of life
or an act of direct or spontanecous
generation, the power of subsequent
generation being supposed to be
given to the mass in common with
the other vital powers thus com-
municated to it. . But here We have
nothi beyond bare - assertion.
There is not an attempt to define
the intimate nature of the physical
causes assigned or their mode or
laws of action, much less to explain
even the possibility jof their pro-
ducing the simplest phenomena of
life. Where the philosopher who
forms his theories of the physical
ghenomena of inorganic matter feels

imself imperatively called upon
for demonstration, the philosophical
naturalist, while he appeals to the
same principles of investigation, is
here content to offer us his simple
assertion, And yet the great natu-

ralist of whose theories we . are .

speaking ‘remarks with the ‘most
perfect complacency, ‘On ne sauroit
donc_douter* que des portions de
matidres inorganiques appropriées,
et qui se trouvent dans un concours
de_ circonstances favorables, ne
puissent, par Iinfluence des agens
de la nature, dont la chaleur et
Thumidité sont les principaux, fe-
cevoir dans_ leurs parties cette dis-
position qui ébauche I'organisation
cellulaire, de 1, consequemment,
passer & I'état organique le plus
simple, et dés lors jouir des pre-
miers mouvemens de la vie” It,is
to the total absence of . evenf an
attempt at anything .resembling
demonstration that we weuld: here
especially direct the attention of
our readers. The same fault cha-
Tacterizes all theories of ¥itdl phe-
nomena. It will be our, object to
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point out similar defects in such
other theories as we propose to
examine,

Tt has been too much the custom,
we fear, among the opponents of
views like these above mentioned,
to brand their authors indiscrimi-
nately with the names of pantheists
and atheists. In too many cases
such appellations may have been
well merited, but certainly not in
all, whatever may be the necessary
tendency of these doctrines. La-
marck constantly recognises a
Supreme Intelligence and great
Author and Source of all things;
but he maintains that in the act of
creation the Creator impressed on
matter such properties, and sub-
Jjected it to such laws as might not
only be necessary, but also sufficient
for the future maintenance of the
universe, and for the production of
all subsequent nats phenomena,
without any further exertion of
His creative or controlling power.
At the same time the manner in
which he extends his physical
theory of life to man as a moral
and intellectual being is manifest
materialism.

‘We now come to that part of
TLamarck’s theory in which he pro-
fesses_to account for the continued
organic development of a mass
which he supposes to have acquired
the properties of vitality in the
manner above deseribed. Tt is
this part of his theory which is
exactly parallel to, and so much
resembles, that recently proposed
by Mr. Darwin, The latter author
declines entering on any theory,
like that above mentioned, of the
origin of life, nor does he, like
TLamarck, attempt to follow out
his views to their legitimate conse-
quences in their application to man
as .an intellectual and spiritual
being.  He restricts himself to the
explanation of the manner in which
he conceives the organization,
whether of plants or animals, to
have adyanced from its lower to
its higher stages, thus producing
by a persistent advance .all their
peculiarities of organization. La-~
marck also, in the corresponding

* The italics are our own.
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part of his theory, endeavours to

explain  how, according to his
views, the same changes have
taken place. In examining these

theories we shall first point out the
common physical hypothesis on
which Mr. Darwin's “theory and
this corresponding part of La-
marck’s may be considered to de-
end, and likewise to indicate the
istinction between these and cer-
tain other theories which might be
erroneously regarded equally as
physical theories:

And here it is necessary to have
a distinct understanding of the
meaning we attach to the word
species, which has frequently been
used by naturalists in two senses,
widely different in respect to the
points immediately under our dis-
cussion. The two meanings may
be distinguished by the terms
natural and artificial. By anatural
species we mean a group of organic
beings which can only have been
derived by descent from beings
similar to themselves, which pos-
sess certain external and anato-
mical ch distinguishi

. Different Meanings of the Word *Species.” 747

the charge of error in deviating
from the natural lines of demarca-
tion which they believe nature to
have drawn. But this is the mani-
festly necessary consequence of the
imperfection of our knowledge, and
affords not the slightest argument
against the existence of. natural
species, though some naturalists
have appealed to it as such. They
might as well contend that the
solar spectrum does not consist of
various colours, because we are un-
able to define the exact lines which
separate them.
amarck’s theory, as we have
already intimated, if it could be
established, would be more com-
lete than Mr, Darwin’s, since the
tter does not profess to give any
account of the origin of vital phe-
nomena, In the former the physi-
cal cause assigned for the produc-
tion of these phenomena must still
be considered active, according to
the theory, in all the phenomena of
the continued existence and pro-
gressive advance of animal life,
From the utter failure of the
author’s attempts, however, to

them from every other group, and
whose descendants must necessarily
inherit the same distinctive charac-
ters. Artificial species consist of
groups which are equally distin-
guished by particular characters,
but are such that, so far as the de-
finition is concerned, they may not
have been derived from each other,
or from some .common uriginai
stock. In the former case the
grouping is formed by nature ; in
the latter it is arbitrary, and only
used in subservience to the con-
venience of classificati though

establish the most remote relation
between the real phenomena of life
and his hypothetical cause of cir-
cumambient fluids, of heat, electri-
city, dec,, we may altogether dismiss
his original physical hypothesis, in
the consideration of that part of
his theory which. embraces the
same phenomena as Mr. Darwin’s.
‘With ‘this restriction, it may be
enunciated_for both theories in
common, that they refer all the
phenomena of the varied organiza-
tion in the animal kingdom to the

i ion of the ordi-

generally made to coincide, as
nearly as our knowledge will allow,
with a Eperfectly natural classifica-
tio natural species must
by definition have had a separate
and independent origin, so that all
theories—like those of Lamarck
and Mr.-Darwin—which assert the
derivation of all classes of animals
from one origin, do, in fact, deny
the existence of -natural species at
all. The classifications adopted by
those who hold the opposite opinion
vary in some measure from each
other, and therefore are liable to

nary natural causes to which we
ascribe the growth of each indivi-
dual animal, or of the organs which
compose it, and the propagation of
its species, but without further
consideration of the intimate nature
of those .causes. ' They equally
maintain that the highest organisms
in nature have been derived from
the lower ones by some continuous
and unbroken line of descent.
These theories, then, are distin-
guished by the character of linear
continuity which they assign to
the chain of beings which have
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connected each existing: organism
with the simple one from which,
according to these theories, it has
proceeded. The theory commonly
received asserts, on the contrary,
the existence of natural species,
each of which, since by hypothesis
they are incapable of being derived
from each other, must have had
an independent origin. Moreover,
it has been usually d that

Physical Theories of the Phenomena of Life.
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apply to any other ordinary natural
phenomena. of inorganic matter.
Again, with respect to organic
matter, each plant or animal is gra-
dually and canti_uuousgdeveloped,
and propagates descendants of the
same character as itself. Such
phenomena have a character of
continuity ; if the growth, on the
other hand, were suddenly arrested
or 1 d af i stages,

each of these species originated in
an independent act of the Creator,
towards whom the adoption of any
other theory has frequently been
regarded as an act of irreverence.
Thus, as we have already remarked,
the religious or theological aspect
of the question has been placed
in antagonism with its scientific
aspect, Wehave already expressed
our regret that such should be the
case ; and to escape the risk of it
at present we shall endeavour to
avoid even the phraseology of the
theological view, and to state in
the language of science that view
of the subject which may be

or if each organic‘ being produced
offspring totally unlike itself, the
henomena would be discontinuous.
ow, it will be at once admitts
that any such discontinuities in the
existing phenomena must neces-
sarily indicate a corresponding dis-"
continuity in the action of the
physical causes producing them, or
in the laws according to which
those causes act. ut’ in the
phenomena which we all agree to
refer to natural or secondary causes,
we observe no such discontinuities
as those above-mentioned, and we
consequently conclude that every

regarded as to " such
theories as_above described, and
which would -appear to be our
obvious alternative in the case of
our rejection of them.

y an act of creation considered
with refe to scientific investi-

cause which we ordinarily recognise
as belonging to secondary natural
causes, must be supposed to act ac-
cording to some continuous law.
This conclusion has_probably been
tacitly assumed, as it has been by
Lamarck, by every one who has

lated on the natural causes

gation, we mean a result due to
some cause beyond and above those
secondary causes to which the or-
dinary phenomena of nature are
considered to be due. And we
should define the difference be-
tween ordinary and extraordinary
phenomena to consist in this—that
in the former there exists a certain
character of confinuity, and in the
latter there exists 'an equally dis-
tinct character of discontunuity. To
elucidate our meaning, we may re-
mark that the motions of the hea-
venly bodies are continuous, inas-
muc{n.s they are subject \?nl_y to

to which the phenomena of either
the organic or inorganic_world
are to be attributed, Mr. Darwin
thus recognises it in the con-
tinuity of the changes which he
supposes animals and plants to
have undergone in the gradual
development of one specific form
from another.,

Hence, then, the fundamental
distinction between the theories we
have been discussing, and that which
asserts the independent creation
and existence of natural species, re-
garded as a physical theory, and
u‘nder its merely scientific aspect, is
this—that

radual or v 3
on the contrary, the velocities
of these bodies, or ‘the direetions in
which they move, or the_orbits
which they describe, were subject to
sudden, instantaneous changes, the
henomena of their motions would
wve an obvious character of dis-
continuity. Similar remarks would

the former
only those continuous physical
causes which produce the ordinary
henomena of nature ; whereas the
atter, in addition to these canses;
Tecognises a higher order-of causa
tion, acting according to some law
which, in our ignorance of its
nature, we are obliged to describe
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as discontinuous.  Moreover, t].ns
discontinuous causation may

supposed to act in accordance WJth
the before

Professor E. Forbes's Theory of Polarity.
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causes referred to by them, except
by assummﬁl them to be the same
as those which produce the ordi-

mentioned, and not altogether inde-~
pendent of it. We are of course
atterly ignorant of the relation
which may exist between these two
sets of physical causes, and make
no hypothesis respecting it. ‘We
are, in fact, equally ignorant of the
intimate nature of all the causes,
whether i i i

nary ph of nature. Other
views, however, which have been
offered onght not to be regarded in
the same light. The theory of
%mhru‘ ty suggested by the late Pro—
essor Edward Forbes asserts that
up to certain’ epochs in geological
time (as, for instance, the termina-
tion of the pa.lzeuzom period), the
eneric forms gra-

ous, with which we are now con-
cerned. And here it may be re-
marked, that there is nothing new
in the idea of organic matter being
under the dominion of two sets of
forces, the continuous and the dis-
continuous. We have in like man-
ner two distinct sets of forces
acting on all matter: that of gravi-
tation, produmng its effeots at finite

dually dccreagec{q from some pre-
vious period, and then begen to in-
crease ; or,as it may be stated, this
development increased in going
forward in the order of fime, or
upwards in that of the geological
formations from the end of the

g from the same epoch
‘backwards m regard to mme, and
n regard, to

forees,
which produee their effects only at
distances which are infinitely small.
Thewe two sets of forces may ro-
bably be in some way relate
each other; but so far as we are
able to contemplate their effects,
they must act according to widely
different laws. The only difference
between this and the above case
is that physical action, according
to any discontinuous law, is re-
stricted to organic matter.
Let it not be supposed that we

a new

iotmatlona Th)s he termecf po-
larity. But if we regard it merely
as a statement of a law which cha-
Tacterizes observed % enomena, it
is manifestly not a_p ysical theory
in the same sense in which that of
gravltatmn, or those of Lamarck

Mr. Darwin are such, for it
asserts, as ‘we are now supposing;
10 physical cause for the phenomena
of ‘which it speaks. It is,in this
sense, a generalization similar to
those of which we have spoken as

are
theury‘ We lmve only done ‘what
might have been done by saying
that new species, or any such dis-
continuous phenomena, are due to
separate acts of creative power,
but that those acts have a certain
reference to -previously existing
‘phenomena, according to some self-
1mposed law in the Divine Mind.
e have merely translated some
such en(-imm'atiun as t-hisi_into the
more ordinary language of science.
In order that a Lhe%rry ma; ha.ve
a just elaim to be called a physic
theory, it must assign some deter—
minate physical cause to which the
phenomena involved in it are con-
sidered to be due. The two theories
above-mentioned belong to  this
class, although, as above stated
‘do not define the nature and
e of action of the physical

metrical _generalizations in the
theories of gravitation, physmal
gtlcs, and crystallography. In
ese physical theories the proofs
of their being true must consist in
demonstrating a necessary Telation
between the observed - facts and
some physical cause to which those
facts are assigned; but in this
theory of polarity thé proof must
consist in determining by simple
observation whether the pheno-
mena do or do not follow the law
ascribed to them. If, however, the
term polarity is mtended on the
contrary, to convey the idea of
some particular physical cause to
whlch the phenomena are due, the
becomes a physical theory,

whxc we estimate, as such, aty
lowest wvalue, since so, far fmm
tracing the action of some definite
physical .cause, it does mot even
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assign such cause fin any compre-
hensible terms,

+ We may instarfce another case,
which has more the character of a
geometrical generalization than of
a physical theory, We allude to
Mr. Wallace’s views respecting the
law which has regulated the intro-
duction of new species. The anthor
thus enunciates thelawherealluded
to—" Every species has come into
existence rcoincident both in time
and space with a pre-existing closely
allied species.’” Mr. Wallace has put
forth thisview in aelearandstriking
manner, so far as it is represented
as a generalization of observed
facts, which show a juxtaposition
in time and space of a‘lhed species ;
but to _convert it'intp a pl ysxc&I
theory in the proper sense of the
expression, some physical cause
should be assigned, from the action
of which this law of the phenomena
would result. But there is no al-
lusion to such cause. And there-
fore it is that we cannot approve, of
the assertions that the most sin-
gular peculiarities of anatomical
sbructure are explained by it, and
that many of the most nnporta,nt
facts in nature are almost as neces-
sary deductions from it, as are' the
elliptic orbits of the pfanets from
the law of gravitation. = There ap-
pears to us to be some confusion in
these modes of expression, between
the law by which phenomena may be
characterized, and the physical causes
10 which they may be dué, and which
account for the law. We submit
that the above assertions are no
more correct than ;the assertion
would be that the - el].lptm motion
of the older known planets explains
and accounts for that of Neptune
or of the tribe of minor planets re-
cently discovered. These latter
motions are i aécordance with the
laws of elliptic motions, but are
explained by the acnon of mutual

Physical Theories of the Phenomena of Life.
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not supersede that of polarity, as
the author seems to suppose; for
no physical cause is assigned which
would be necessarily inconsistent
with the law of polarity ; nor, re-
garding both theories merely as
generalizations of observed pheno-
mena, can Mr. Wallace's law super-
sede that of Professor Forbes,
since it is manifest that the truth
of the one does not necessarily in-
volve either the truth or falsehood
of the other.

Much of what we have here said
may EROSMMY be deemed hyper-
critic: ink otherwise ; for
we believe that there is no incon-
siderable amount of confusion of
language and thought on the higher
speculative sub_lgcts of which we

ave been s ng; and we are
convinced that we can neither
theorize philosophically ourselves
on such subjects, nor judge rightly
of the theories of othérs, without a
clear and logical conception of those
distinctions which we have been
desirous of indicating.

Let us now recur to Mr. Darwin’s
theory and the corresponding part
of Lamarck’s, Having pointed out
the hypothesis on which they may
be considered in common to rest—
viz., that all vital phenomena are
due to the action of ordinary secon-
dary causes—we may proceed to
examine how they attempt to de-
duce from these causes the pheno-
mena in question, but more espe-
cially those which relate to the
varied forms of animate existence.
In the absence of all knowledge of
the real nature and laws of vital
forces, it is impossible to investi-
gate (i\rectly e consequences of
those forces under any assigned

calculates all the eﬁ'ects of gravita-
tion ; and this constitutes an enor-
mous difference between our best
physical the(mes and _the theories
of vital In the latter,

gravitation ; and the of
organic matter apj eaicd to by Mr.
‘Wallace would, in like manner, be

roperly expla.mc(i and' accounted
or by a theory which should prove
the law here statell. to be the neces-
sary consequence of some determi-
nate ggysxcal cause; 'We may also
add that Mr, Wallace’s theory can-

instead “of the above direct and
perfect mode of investigation, other
indirect and far more imperfect
modes must be substituted. In the
two theories before us, the authors
lay down certain principles by
which they conceive ordinary natu-
ral causes to be regulated in the
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]fjroducmou of the phenomena re-

orred to them. The principles
thus laid down by Lamarck are in-
volved in the three following as-
sumptions :—

1. That any considerable and
permanent change in the circum-
stances in which a race of animals
is placed, superinduces in them a
real chmge in their wants and re-
quirements.

2. That this change in their
wants necessitates new actions on
their part to satisfy those wants,
and that ﬁnally new habits are thus
engendered,

That these new actions and
habits necessitate a greater and
more frequent use of particular
organs already existing, which thus
‘become strengthened and improved;
or the devulnpment of new organs
when new wants require them ; or
the negleet of theuse of old organs,
which may thus gradually decrease
and finally disappear.

The principle on which Mr. Dar-
‘Wwin's reasoning rests is that of No-
turalselection. Animmensely greater
number of animals must be born
than can possibly live to what may
be regarded as the natural term of
their lives. A ¢ struggle for exis-
tence’ (to use our author’s phrase)
must therefore necessarily ensue;
and in this struggle the stronger
will vanquish the wemkel and livo
to transmit their species to future
gener'mons. Thus nature is sup-
Posed to ‘select” the best variety*
of any existing species, however it
may have arisen, for the propaga-
tion of the race, as a breeder of
domestic animals selects the best
of those he may be cultivating, to
breed from ; and as he dooms to
more immediate slaughter the in-
ferior portion of his_flocks and
herds, and thus year by year irm-

. proves his stock, so nature aban-
dons to early destruction and final
extermination those inferior por<
tions of any race of animals which
are least able to protect themselves
in the ‘struggle for existence,’ and
thus improves the general character

The Principle of Natural Selection..
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of succeeding generations, to which
every improvement is supposed to
be transmitted by descent. Mr.
Darwin does not appear to consider
that much influence is due directly
to the external conditions of ch—
mate, food, &c., in_the_advance of
any race of animals, Ile remarks
(p. 85), ‘We must not forget that
climate, food, &c., probably
duce some slight and direet effect.
It is, however, far more necessary
%o bear in mind that there are
many unknown laws of correlation
of growth, which, when one part
of the orgamza,tmu is modified
through variation, and_the modifi-
cations arc accumulated by natural
selection for the good of the being,
will cause other modifications of
the most unexpected nature” He
also intimates his opinion that the
causes which produce varieties may
likewise affect Lh(,genemtwc powers
of any existing race; so as to enable
it to propagate descendants of im-
proved organization.

he great similarity of the mo-
tions on which the reasoning of
these two theories is based, is ob-
vious; but Lamarck insists more
on the direct influence of ordinary
external conditions, and Mr. Dar-
win more espccmliy on that of
natural selection. DBut this dif-
ference is perhaps as much in ap-
pearance as in reality; for if
Lamarck could have been asked
whether he included the struggle
for existence among the conditions
which might influence the wants
and habits of animals, and conse-
quently their organization, he would:
necessarily have answered in the

- affirmative ; and on the other hand,

yeunderstand Mr. Darwin to affirm
that there could be no natural
selection without varieties, and it
seems difficult to understand how
natural selection could operate in
perpetuating one variety rather
than another, except with reference
to those ‘circumstances which, ac-
cording to Lamarck’s view, would
modify the wants and wnstmltlon
of existing species. Again, while

* Tho aceurate distinetion between varieties and species consists in this—ilie
former, when crossed, always produco fertile offspring ; the latter either do not admit
of being crossed ab all, or when erossed they produce sterile offspring.
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Lamarck believed that any modifi-
cation of the organs of an animal
which its altered wants might lead
it to desire, would be accorded to
it, and thus lead to its indefinitely
progressive improvement, Mr. Dar-
win concludes that any improve-
ment. in the form of a variety Wwill
be transmitted to future genera~
tions, and by a cumulative process,
elevate a species in the -course: of
time, from the lowest tothe highest
order of organization. ' We confess
that we find some difficulty in re-
cognising any very essential dif-
ference in the fundamental hypo-
theses on which these two theories
rest as physical theories. I La-
marck’s an animal is incited to
exertion by some kind of external
circumstances, and obtains an
improved organization as the re-
ward of his efforts; according to
Mr. Darwin’s theory the same ad-
vantage is gained, but (if we may
use the expression) rather by an
accident of birth. We are dis-
posed to think the less aristocratic
process somewhat the preferable
one. However, hoth are .supposed
to. be equally cumulative, and to
lead equally to a continuous slow
advance of the race from the lower
to the higher organizations.. They
both,” consequently, deny the exis=
tence of groups of animals which
have descended only from progeni-
tors like themselves. In other
words, they equally ignore the
existence of natural species, and
only recognise specific groups as
convenient: for the purposes of
«classification. des ¥

Mr. Darwin, in his Origin of
Species, has entered . much more

Physical. Theories of the Phénoimena of Life,
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fully than Lamarck into the detail
of facts bearing on the subject
In our discussion. of it we shall
<hiefly follow the work just men-
tioned. And here we would espe-
ciallyremark, that whatever opinion
may be formed. of the conclusive-
ness of our: author’s reasoning,
every reader will acknowledge the
great. value of his. observations
respecting many of the most inte-
testing facts and speculations which
natural history presents tous, It
is a work which will doubtless be
found in the hands of every pro-
fessed naturalist, while ‘many
others, without necessarily sub-
seribing at all. to-its general theory,
will probably find that its perusal
has greatly enlarged their views or
the subject, and. given them a more
adequate conception of the various
questions of interest. which it pre-
sents to' the general reader, %’Ve
areanxious to bear our most cordial
testimony to Mr. Darwin’s work
on these points, as well as our full
participation in the high-respect in
which the author is universally
held, both asa man and a naturalist ;
and the more so, because in the
remarks which will follow in the
second part of this Essay we shall
be fo\mg to differ widely from him
as regards many of his conclugions
and the reasonings on which he
has founded them;, and shall claim
the full right to express such dif-
ferences of opinion with all that
freedom which the interests of
scientific truth demand, and which
we are sure Mr. Darwin would be
one'of the last to refuse to any one
prepared to exercise it with candour
and courtesy.
waraM HoPKING.
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