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PREFACE.

Tue following Essays, with the exception of
the last, were contributed anonymoﬁsly to various
Periodicals, during the years 1862—1864.

It has long been my intention to republish severll
papers so contributed, in a separate form,.because
they deal with subjects which, though by no means
unimportant in themselves, at least in a theoretical
point of view, have not received smuch attention
from English physiologists.

I am now induced by special circumstances so far
to anticipate my intention hs to reprmt somewhat
hastily} the few which fomjw and which are con-
cerned with questions affecting vegetable no less

than animal physiology

Oxvrorp, Jan., 1868.



NOTICE.

THis Volume was printed for private circulation early in the
present year. The publication has been delayed in part by
accidental cir;cumstances, and partly also with the intention of
adding to it some further Essays on kindred subjects. Since,
however, the questions with which it deals have formed the
subject of mI'mh recent controversy, it is thought advisable to

allow it to app-ar at once.

Oct, 1868, G. W. C
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ESSAY L

ReviEw oF Mgr. DArRwIN'S WQRK ON THE
FErTILIZATION OF ORCHIDS .

WE owe the appearance of this very interesting
work, as the author informs us on the'.ﬁrst page,
to the demand which has been made for facts in
proof of the proposition laid down jn the ¢ Origin of
Species,” that ‘in no organic beings can self-fertiliza-
tion go on for perpetuity’ (Ch. iv. p. 101.) It
requires, therefore, to be examined frotn two points
of view; firstly, as an acteunt in a popular form
of the reproductive‘system of a remarkable class of
plants ; secondlysin regard to the support which it
affords to the above proposition, itself only a col-
lateral branch of the author’s great argument for
the development of species. We have spoken of this
work as giving a popular account of the fertilization
of orchids, but we desire especially to avoid the

2w On the various Contrivances by which Orchids are fertilized
by Insects, and on thesgood effects of Intercrossing.’ By €harles
Darwin, M.A,, F.R.8,, &c. John Murray.
B



2 Review Uquwmvin’s Work

sense 8o often attached to the word ‘popular’ of some-
thing inacqurate or superficial. Mr. Darwin’s book
is popular only in so faf as it makes no demand upon
the reader for special or technical knowledge of
botany, but only for an intelligent interest in the
subjeet, and a reasonable amount of-attention and
thought.

It has been long known and still longer suspected
by botanists,” that the agency of insects is in some
r=anner necessary to the fertilization of the greater
nuniber(of orchids. Mr. Darwin’s special design is
to .show, by a detailed description of what takes
place in many of them, that the object of the
whole arrangement is to secure the fertilization
of each individual flower by pollen taken from
another. |

The main points in which orchids differ from most
other flowers are, as maay of our readers no doubt
are aware, shortly as follows:—The reproductive
organs are united into one central mass, called the
‘column,’ instead of being disposed in two circles.
The anthers are in most cases reduced to one, and
the pollen theérein contained is united into masses
by slender elastic threads, which are in many genera
woven together and prolonged into a little stalk
called the ‘caudicl.,’ the three pistils-are likewise
joined together, and the stigma of one of them is
modified into an organ peculiar to orchids called the



on the Fertilization of® Orchids. '3

‘rostellum.” This organ either consxsts of, or con-
tains, viscid matter, and to a portlon of 11; called
by Mr. Darwin the ‘visctd di8k,” which in some cases
is prolonged into a ‘pedicel, the caudicles above
mentioned are firmly attached. After this description,
itself abridged from Mr. Darwin’s introt.iuctiqn, we
may hope to render* what follows intelligible.*

‘Commencing with the tribe Ophre=, the author first
describes the structure and action of thé& reproductive
organs in the common orchis mascula, and it is wordh.
mentioning that the description applies equally to the
orchis maculata nowb to be found in blfom in our
woods. Like all the ophre its pollinia are furnished
with caudicles congenitally atta,ch?d to the viscid
disk. The anther stands above the rostellum. The
latter organ is nearly spherical in silape and over-
hangs the stigma. It consists of a membraneous bag,
the upper and back part of which forms the disk, to
which the caudicles are attached, and which contains
a thick viscid magter. This membrane possesses the
peculiar property of givihg way upon the slightest
touch, after the flower has expanded, in such a
manner that while it retains its shape’it sets the disk
free. It resembles, m fact, a box of which the disk
forms the lid; to the top of the lid is affixed the
caudicle, d11d, to the internals surface, f;he viscid
matter. The position of the parts is such that an

b July 1862.
B 2



4 Review of Mr. Darwin’'s Work

insect, as it tries to reach the nectary of the flower,
can scarcely[avoid brushing against the rostellum,
and, should «it do so, the lower part, the body of
the box, which opens with a spring, is pushed down,
the viscid contents adhere to the insect’s head, and,
as the lattger is withdrawn, the viscid matter, the
disk itsélf, and the attached poliinia, will be with-
drawn with it, and this done the box shuts again,
t.e. the rostéllum resumgs its original form, and
ghould the insect have removed but one pollinium
and one half of the viscid matter, the remainder
is again ‘pi'btected from the action of the air. That
this wonderful set of contrivances really exists is
proved by the fact that the pollen of one species
of orchis, the pyfamida]is, has been found adhering
to the heads or probosces of no less than twenty-three
species of Lepidopterous jnsects.

Moreover, our readers. may easily satisfy them—'
selves of its truth, as we have done, by trying the
experiment for themselves, a needle serving as a
rough substitute for the insect’s proboscis. In order,
however, to the accomplishment of the object, which
this elaborate arrangement is to serve, three other
conditions are required. Firstly, the anther must be
‘previously open in order to permit the pollinia to be
extracted, and this.is always the case.’ Secondly,
the viscid disk ‘must adhere very fimly to the
head * of the insect, and this wé find is brought
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about by a curious property of the viscid matter,
that, namely, of becoming firm upon expdsure,to the
air even for a very few seconds. The third condition
required is, that the pollinia should be in such a
position upon the insect’s head as to enable it to
strike the stigma of the next flower which.the #nimal
visits, and a specxa.l contrivance exists to brmg this
about. . If our readers will look £t Mr. Darwin’s
illustrations, or, still mofe easily, if t'hey will ex-
amine with a needle a flower of orchis maculat®™
they will see that the pollinia when ﬁrst sremoved
stand almost at right angles to the needle, and that
in this position they cannot possibly get through
the narrow passage leading to the sgigma of another
flower ; accordingly, it is found that the disk has
a peculiar power of contractility, and that this affects
only one side qf it; the consequence®is, that the
pollinium, as it stands upen the needle, may be
seen after the lapse of a few seconds to bend down
until it gets into* a horizontal position, with its top
towards the point of the latter. In this position
it is as impossible that it should miss the stigma of
the next flower visited as that in the former one
it should reach it. ,

We have glven this sketé¢h of the arrangements which
bring about the fertilization of che genus of orchids
at length, but oyr readers should remember_ that
it is still only a sketch, and we must refer them to the
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book itself for other details not less interesting than
those which we have given. Meanwhile, a shorter
account must suffice for other genera. Passing on
to the genus ophrys, we find arrangements very
similar to those given above, but not altogether
the shme. . Thus in ophrys musmfera the curious
motion of the pollinia after removal is substituted
by a double ben'a in the caudicle itself. The curious
ophrys aplfera again, has a different arrangement
‘Tapted for a different object, that, namely, of self-
ferti]izatoioQ ; thus the caudicles are flexible, and
bent forward over the stigma, and the pollen is
very light, and capable of being shaken out by the
wind directly upon it. It is worthy of notice that
ophrys apifera is found to be exceedingly fertile,
and ophrys muscifera and aranifera to be peculiarly
sterile ; the "two latter can be fertilized only by
insects, and produce no' nectar by which to attract
‘them. These facts might lead to an opinion the
very contrary of that at which Mt. Darwin arrives,
were it not that the same contrivances exist in full
development in ophrys apifera as in qthers, and it
is difficult to believe that they exist for nothing.
The only hypothesis, therefore, which remains is that
they are intended to afford that occaswnal cross
for which only Mr. Darwin at present contends.
Contrivances similar to those alrpady described are
found in other species of the tribe, as in gymnodenia



on the Fertilization of *Orchids. 7

habenaria, &c., but varied according to the clroﬁn
stances of each case. Thus, in the la.tter Al a.rra.ngc-
ment exists whereby tBe pollinia whens fastened to
the insect’s head or proboscis, perform a double move-
ment of convergence as well as depression in order
that they may reach the stigma of the flower to
‘which they may bé next carried.

Passing on at once to the last gwoup, with which
the author concludes thes account of British orchids,
we may say that it consists of three genera, malaxis,.
listera, and neottia. They are remarkable in that
in them no portion of the membraneou$ surféce of
the rostellum is attached to the pollinia. We shall
notice the second genus as at once the best known
and the most remarkable. In this 'genus, listera, the
anther opens before the flower, and the pollinia rest
upon the back of the rostellum, their lower ends
remaining in the anther eglls, and being supported
by them. The rostellum has the peculiar power of
exuding, when souched, however lightly, a drop of
viscid fluid, and this fluid invariably catches the
tips of the pollinia, and drying with extreme rapidity,
glues them firmly to the insect or other object which
touches the rostellum.

This experiment, again, we have ourselves been
able to vertfy. The rostellum at this tlme is always
somewhat bent over the stigma, but as soon as the
pollinia have been removed it rises up, and thus
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leaves the latter open for the approach of any insect
carrying pollen from another flower.

We must row bring fo a close this very imperfect
survey of Mr. Darwin’s account of the British orchids,
but we cannot do so without showing how the author
intends all that has gone before to fit into his great
plan for establishing the doctrine of natural selection.
He says’(p. 346)a—

‘I have néw nearly firished this too lengthy

.xalume. It has, I think, been shown that orchids
exhibit an almost endless diversity of beautiful
adaptatlons When this or that part has been spoken
of as contrived for some special purpose, it must not
be supposed that it was originally always formed for
this sole purpose. The regular course of events
seems to be that a part which originally served for
one purpose, by slow changes becomes adapted for
widely different purposes. To give an instance, in
all the ophrew the long and nearly rigid caudicle
manifestly serves for the application of the pollen-
grains to the stigma, when the pollinium attached
to an insect is transported from flower to flower, and
the anther opens widely that the pollinium may be
eagily withdrawn ; but in the bee ophrys, the caudicle,
by a slight increase in length and decrease in thick-
ness, and, by the anther opening a little more widely,
becomes specially adapted for the very different
purpose of self-fertilization, through the combined
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aid of the gravity of the pollen-moss and the
vibration of the flower. Every gradatwn between
these two states would'be poseuble, of which We have
seen partial proof in O. arachnites.’

Again, p. 348 :—

‘In my ekamination of orchids hardly amy fact
"has so much strudk me as the endless diversity of
structure, the prodigality of resowrces for gaining
the same end, namely, the fertilizatiod of one flower
by the pollen of another. The fact, to a certein.
extent, is intelligible on the principle of natural
selection. As all the parts of a flower are co-ordinated,
if slight variations in any one part are preserved,
from being beneficial to the plant, then the other
parts will generally have to be modified in some
corresponding manner. But certain parts may not
vary at all, or may not vary in the siniplest cor-
responding manner, and those variations, whatever
their nature may. be, which will bring all the parts
into more perfeet harmony with each other, will be
seized on and preserved by natural selection.’

We proceed in the next place to examine the
conclusion which Mr. Darwin draws from the facts
which he has so carefully observed, and which he
has expressed in the aphorism, ‘Nature abhors
perpetual felf-fertilization.

This conclusion Mr. Darwin proceeds to establish
somewhat in the following manner :—Taking a
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particular tribe of plants, viz, the orchids, he finds timt
in by far the greater number of species the repro-
ductive organs are so arranged as to preclude the
possibility of the pollen from any individual flower
ever reaching the stigma of the same flower; and,
on ther other hand, that peculiar and very beautiful
contrivances exist for enabling the stigma of each
flower to receive pollen from others through the
agency of insects; and faerther, that insects are
aetually found with the pollinia of orchids attached
to their heads in the precise manner necessary for
effecting this object, and that when the visits of
insects are artificially prevented, no fertilization
whatever takes place. From this he argues that
as self-fertilization would have been ‘an incomparably
safer process,” all these elaborate arrangements would
not thus have been made, for the very purpose of
avoiding it, had there not been ‘something in-
jurious in the process” And having thus reached
this conclusion in the case of orchids, he proceeds
to infer the probability that a similar law may be
“found to exist throughout the organic world. Now,
we desire to do full justice to the skill, patience,
and acuteness manifested by Mr. Darwin in the
researches upon which this conclusion is founded,
but tp our minds there appear to be ihsuperable
obstacles to its admission. It séems to us that some
of the facts as at present known are of far too
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contradictory a character to warrant it, and that others_|
will bear an 1nterpreta.t10n not altogether favourable
to it. Thus, suppose ‘an insect to visit a splke of
orchid floweys, upon which several were about equally
expanded, he would go from one flower to the next
upon the same spike, conveying the pgllensof one
to the stigma of ancther ; and it admits, We think,
of very grave doubt how far twoe*such flowers can
be fairly considered as *separate individuals at all.
Again, we can hardly suppose that an insect will .
confine itself to one species of flower at a jime ; and
indeed, Mr. Darwin himself gives us good reason
for believing that it does not so (see p. 48); and
it is clear that if an insect having visited an orchid
flower and removed its pollinia in the manner
described by Mr. Darwin, should then fly away to
various other flowers, it would get the pollen grains
rubbed off before its nextvisit to an orchid of the
same species. We are, moreover, assured upon high
authority, that *it is but very rarely that any insect
is found with pollinia attached to it. These and
similar difficulties, although they may have their due
weight in directing future observations, are not in
our opinion of suffidient importance to counterbalance
the evidence collected by Mr. Darwin, so far as
regards the fact that the mégonty of orchids are
fertilized by thg agency of insects, and even that
the special contrivances observed are so many
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provisions against self-fertilization in this case; but We
cannot see any solid grounds upon which to extend
"this generalization, as Mr. Darwin has done at the
close of his work, to the whole organic, world. As
long as any example can be found in nature in
which self-fertilization can be shown to‘be the rule,
we can have no right to pronounce the process'
essentially injuricus, however many ingenious ap-
pliances for avoiding it we may discover in particular
-clesses of beings. We can illustrate this point with-
out going further than the tribe of orchids. The
bee ophrys, as Mr. Darwin has shown with great
clearness and candour, is possessed of special con-
trivances for self-fertilization, and such is its common
method of reproduction, though provision is also
made for occasional crosses by means of insects.
Now, in this case; it seems clear to our apprehension
that the bulk of the specintens of bee ophrys at any
time existing are descended from many generations
of self-fertilized flowers. The same'reasoning may
be applied to the barberry. 'In this plant, as many
of our readers are aware, there exists a peculiar
irritability of the stamens, which causes them, when
touched, to bend forward in such a manner as to
bring the anthers into immediate contact with the
stigma. Here again ‘we have a special contrivance
for self-fertilization, and it is one which has not
escaped' Mr. Darwin’s notice. In the ‘Origin of
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Species,’ p. 98, he endeavours to meet the difficulty
it presents by suggesting that as the agency of
insects is required to Bring fhis power «of movement
into action by touching the stamens, the insect so
touching the flower would carry away some of the
pollen attached to its body to other flowerg; and
by stating that, 4s a fact, where varieti¢s of the
barberry grow near each other they constantly inter-
cross. We think all this may be adhitted, but it
will, nevertheless, remain the fact that the habitual
mode of reproduction of the barberry is by self-
fertilization, and that the majority of the existing
plants must have been produced by this means. If
we compare the chances in a single case we can
hardly avoid seeing that it must be so. Suppose
a bee to alight on a flower of barberry ; he sets his
foot upon a stamen, and it springs forward imme-
diately, thus bringing its anther close down upon
the stigma. This flower is then pretty certain to be
self-fertilized. Meanwhile, a few grains of the pollen
adhere to the insect’s vody, and he flies off with
them. Is it equally certain that he will go to
another barberry-flower and fertilize that? May he
not drop the pollen on his way, or waste it on the
stigma of a different kind of plant? In any case,
it appear® to us clear that, where there are two
methods of reproductlon in the same orgamsm ‘of
which one is the general rule and the other the
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rare exception, we are bound to suppose that the
mass of exigting specimens draw their descent from
individuals produced by‘the ordinary means.

There exist in nature three forms of the repro-
ductive function, viz., hermaphrodite and self-fertiliz-
ing, the hermaphrodite and mutually-fertilizing, and
that in which the sexes are distinct. These three
plans may exist, in different proportions and may
be variously nfodified in different classes of organisms,
kit they all exist in the vegetable kingdorﬁ, and
they all exist in the animal kingdom.

What has now been shown in regard to the tribe
of orchidaceous plants is that though the second
method is that which they mainly follow, all three
are to be found amongst them; in fact, that in
respect of this function, they form as it were a
microcosm corresponding to the macrocosm of the
whole organic world ; byt we must confess that we
are wholly unable to see that this affords the
slightest ground upon which to establish the dictum
that ‘ Nature abhors self-fertilization.’



ESSAY II
MARRIAGES OF CONSANGUINITY &,

Ir we had to point out the tendency or habit
of mind which, more than any other, has served,
in modern times, to hinder the progress' of real
knowledge, we should fix upon that which impels
not a few really able and competent persons, when
undertaking an investigation, first of all to adopt
a theory, and then to look at the facts which
nature presents to them by its light exclusively.
Such persons do not take up a hypothesis for its
legitimate use, as a guidé in experimentation, as
any ome pursuipg an investigation in the science

& 1, ‘On Marriages of Consanguinity.” ,Dr. Bemiss. ¢Journal
of Psychological Medicine’ for April, 1857.

2. ‘Hygiene de Famille” Dr. Devay. Second Edition.

3. ‘Comptes Rendus,’ 1852—3 passim. Papers by MM. Boudin,
Sanson, Beaudouin, Gourdon, &c.

¢On Marriages of Consanguinity.’ By the present writer, in

‘Medlco-Chlr. Review,” April, 1862 ; angd ‘Medical Tlmes, April
25th, 1863.

5 ‘On the Fertlhgatlon of Orchids.’ Mr. Dsrwm. London,
1862.
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of light would in these days start upon the un-
dulatory th:et')ry, but adopt-it with a confidence in
its absolute .truth which renters them utterly blind
to all facts which cannot be reconciled with it,
and by consequence exaggerates out of all due
propogtion the importance of those ~which really
make in its favour. Of the many inconveniences
attendant upon. the state of mind of which we
speak, one oOf the gravest and quite the most
paradoxical is to be found in the fact that its
mischievous results always bear a direct ratio to
the ability and industry of the person whom it
affects. A man of real power who sets out upon
a research into a complicated subject under such
conditions as we have indicated, is sure to make
out a good case in favour of his own preconceived
view, and by. so doing he will mislead others and
hinder the advance ofknowledge in a degree
exactly proportioned to his own ability and re-
putation. Instances of the kind to which we
refer will occur to any réader familiar with the
history of almost any scientific question. But there
is one feature in such cases which is especially
worthy of remark ; it is, that a man’s preconceived
notions upon any subject may take their rise from
something quite distinct from, and external to, the
subject itself; a’ religious opinion, a moral theory,
a social predilection, a fact in his own family or
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personal history—any or all of these, may, con-
sciously or unconscwusly, so, modify hls view of
what ought to be a @here questlon of fact, as to
render him a, totally unsafe guide in any subject-
matter which he has undertaken to examine and
explain. The  history of the scientific, question
forming the subject of this article will be found
to illustrate these rcmarks even better than most
others.

That there has existed, at least in all modern
times, what is called a feeling’ against the inter-
marriage of blood relations, is a fact that cannot
be denied, but of which the scientific value cannot
‘be rated very high. Before we admit the existence
of such a feeling as even primd facie evidence,
we should remember how often such have been
found to rest either upon no ground at all, or
upon an entirely mistaken one. The biting cold
of the winter months in England used to be called
proverbially ‘fine %seasonable healthy weather,” until
the Registrar-General’s statistis had proved to the
apprehension almost of the dullest, that mortality
in our climate varies inversely as the temperature.
In this case, doubtlets the popular delusion took
its rise from the sense of exhilaration and buoyancy
felt by healthy, strong, and youthful persons son
a bright frosty day, as compared with the dulness
and languor experienced on a damp and warm

c
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one; but it entirely left out of the account the
less obvieus but more really potent influence of
cold upon sthe old, the feeblg and the ill-provided.
In the case before us, the following is, as I have
elsewhere suggested, the probable history of the
prevailing opinion » :—

‘It ‘should be remembered ‘that all such mar-
riages as those under discussion, were and are
strictly prohibited in the Church of Rome. This
prohibition was first removed in England by the
Marriage Act of 1540, in the reign of Henry VIII.
It is natural, therefore, that many people at the
time should have looked upon this removal of
restrictions as a somewhat questionable concession
to human weakness, and upon the marriages made
in consequence of it as merely not illegal, rather
than in themselves unobjectionable ; just as, should
the Marriage Law Amendment Bill pass into law,
there can be no doubt that many would now look
upon marriage with a sister-ir-law as a very
questionable proceeding in a social and religious
point of view, although they might possibly be
unable to impugn its strict legality. Under such
circumstances nothing is more natural, éspecially
in an age when men were much more open to
theological than physiological considerations, than
that they shotild attribute any ill effects which

b ¢ Med. Chir. Review,’ val. xxix. p. 469.
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might seem to follow from such unions to the
special intervention of Providence. Such, ill effects
would be maiked and®noticed whenever they oc-
curred, and would soon become proverbial; and
when, in a later age, men began to pay more
attention to the breeding of animals, and found
that excessively close breeding seemed, ih some
cases, to produce similar results, ¢hey would be
led to establish a false analogy betwen the two
cases, and to infer the existence of a law of nature
which close breeding and consanguineous marriages
equally infringed.

‘Something like this I conceive to be the true
history of the common opinion upon this subject,
an opinion which, as far as I can discover, rests
on no satisfactory record of observed facts.’

I am induced to insist the more sérongly upon
this aspect of the question® because the works even
of modern and professedly scientific writers bear
witness both to *the universality of this popular
prejudice, and to the probability of its theological
or rather ecclesiastical origin. "Thus Niebuhr ¢
speaks of the Ptolemles, whose history certainly
affords the most striking instance on record of
close breeding in the human race, as degenerate
both in body and soul. He seems to forget fhat
their dynasty continued for some’ three hundred

¢ ¢Lectures on Ancient History,” vol. iii. p. 471.
C 2
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years, and that the history of Cleopatra, the last
sovereign, though not the last descendant, of their
line, is certainly not' that *of a person, in any in-
telligible sense of the words, degenerate both in
body and mind. But the most remarkable instance
is afforded by  Dr. Devay, who, ‘while writing
specially on this subject in hi§ work on Hygiene,
which he professes to treat scientifically, occupies
no small portion of the. two* chapters devoted to
it with a long citation of the opinions of fathers
and doctors of the church from St. Augustine
down to the contemporary Archbishop of Tours.
Truly it might be considered a rare treat for
orthodox Frenghmen in these sceptical days to
find such authorities polled to settle a scientific
question, were it not that a few recent events,
such as the late rejection of M. Littré by the
Institute, threaten to mike such triumphs common-
place.

I turn now from the consideration of the spirit
in which inquiries into o6ur present subject have
been undertaken, and proceed to give a succinct
account of the facts and arguments which have
been brought forward on both sides of the question,
that my readers may have an opportunity of seeing
what xeal value belongs to them, and to which
side the balande of the evidence inclines. This
evidence is derived from two dlstmct sources, which
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differ in their subject-matter, in the method by
which they can be investigated, and in the degree
of certitude which attaches to them as far as they
severally go, no less than in the conclusion to
which they lead. These are, (1) experience de-
rived from the study of mankind by mears of
recorded observation and statistics ; and (2) that
drawn from the study of the lower animals and
even of plants, which admits of being” brought to
the test of strict experiment as well as of observa-
tion. The former of these methods has been
pursued with much diligence by Dr. Bemiss, MM.
Boudin, Devay, and others. We give a short sum-
mary of the results arrived at by these observers,
in order that our readers may be able at a glance
to comprehend the several points to which we
shall have to direct their attention.

Dr. Bemiss. Dr. HAwe. Dr. DEvay.
Marriage . . 34 . . 7. . . . . 121
Fruitful . . a7 . Notstated. . . . 99
Sterile . . . 7 . Natstated. . . . 22
Total Children 192 . . 95 . . .,. Not stated.

This gives in Dr. Bemiss’ cases an average number of
5'6 children to each marriage ; in Dr. Howe’s 558 to
each. The average number of births to each marriage
in England *was recently 4'5. Of the 192 ghildren
born, 58 died in early life, and 134 reached ‘ma-
turity ;’ 7.e. the humber of early deaths wds as
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1 to 3'3. The average of deaths under 5 years old,
as stated by Dr. West, is 1 to 3. It is thus clear that
while the fertility of these marriages was much above
the average, the infant mortality in their offspring
was slightly below. In Dr. Devay’s cases the total
number of children is not given, and therefore no
calculation on the point can be made.

In consequence of the different principles upon
which these authors have arraniged their statistics, it
is impossible to exhibit them at length in a tabular
form, or indeed to contrast them at all in detail ; we
must thercfore content ourselves with stating that
the relation of the principal forms of disease or defects
mentioned by them varies as follows :—

Dr. Beuiss. Dr. Howe.

In 75 Cases of Disease. In 58 Cases of Discase.
Scrofula and Consumption 38 or ‘506 . . . 12 or ‘207
Epilepsy and Spasmodic

Discase . . . . . 1Zor 16 . . . o —
Deafness . . . . . . 2o0r026 . . . 1or-o1y
Idiotey . . . . . . 4o0ro53 . « . 440r58
Deformity . . . . . 20r026 . . . o —

From the loose form in which Dr. Devay’s results are
stated, we are able to contrast his statement with the
above in one point only, namely, that of deformity,
which appears in 27 out of 52 cases, or ‘519 as
against ;026 in one-of the other cases, aid o in the
other.

M.*Boudin’s statistics are of a different character
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and on a much larger scale. He takes merely the
one defect of deaf-mutism, and finds, 1st, '.l‘hat while
consanguineous marriages afe 2 per gent. of all
marriages in France, the number of deaf-mutes born
of such marriages is, to all deaf-mutes,— '

In Lyons . . . . 25 per cent.

InParis ®* . . . . 28 per cent

In Bordeaux . . . 30 per cent.
L]

He finds further: 2nd, That the danger®of deaf and
dumb offspring increases with the nearness of kinship
between the parents; 3rd, That parents. themselves
“deaf and dumb, do not, as a rule, produce deaf and
dumb offspring, and that the defect is therefore not
hereditary ; 4th, That the number of deaf-mutes
increases in proportion to the local difficulties to

freedom of cross-marrying : thus it is in

France . . . . 6in 10,0000
Corsica . . *. 14 in 10,000
Alps . . . . 23in 10,000
Canton Berne . 28 in 10,000

Before entering upons any examination of these
particular statistics, it is necessary*to say a few words
upon the application of the statistical method to sub-
jects of this kind. .It is scarcely possible to exag-
gerate the advantages which science, and especially
biological science, has derived from the use of this
method ; but just in proportion to.the benefit Which
accrues from the fight use of any method, and o the
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consequent confidence which its application inspires,
is the mischief which it can produce if misapplied,
and the obsgruction which it is capable of throwing
in the way of the progress of knowledge when used
upon a subject-matter to which it is unsuited. It
may be applied, with every prospect of a successful
result, in cases with which human volition has nothing
to do, as it has been so applied to elucidate facts in
pathology, sach as the probakility of death from
a particular disease at a particular time of life.

Often too, when the will of man is an element in
the calculation, but when that will can be shown to
be swayed by conflicting motives the comparative
power of which it is impossible to guage, a judicious
application of the statistical method, if only the num-
ber of instances collected be sufficiently large, may
enable us to arrive at a conclusion at least ap-
proximately true.  But .it does not follow from
the full admission of all this, that the same
method can be followed in cases such as that
before us, and with a view to ascertain the causes
as well as the circumstances of the phenomena
to which it is applied. Thus, it may be true that
we can arrive at the number of ,murders which will
be committed in a population of a certain extent in
a given time, but it Joes not follow that we can also
tell what it the cause of all these murders, or that they
all depend upon the same cause. Moreover, a murder
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is a fact which is usually discovered, quite inde-
pendently of human testlmony as ‘toe its  mere
occurrence ; and if it i the interest of the perpe-
trator and his friends to conceal it, it is equally
that of the friends of the victim to make it known.
On the other hand, it is obvious that _the Jvalue
of statistics such ab those the results of which we
have just given, depends upon the ¢ruth of a num-
ber of family histories. » These are afl matters of
testimony, and the motives to falsification thereof
lie all on the same side. There is perpaps, as
most lawyers and physicians are well aware, no
point in which men are so morbidly sensitive and
suspicious as one which touches a family secret,
a family misfortune, or an hereditary disease. If
a criminal could be convicted only upon the evi-
dence of himself or his nearest relations, what would
be the value of the statistigs of crime ?

These would form grave objections to any argu-
ment from statishics in a case such as that before us,
and would justify us ih questioning a conclusion
founded exclusively upon them, even if the statistics
themselves were irreproachable. Whether they are
so or not in the present instance, I shall proceed
next to inquire. In so doing I must beg my
readers to bear in mind the putpose for which the
statistics are brought forward. Théir authors are all
agreed that close breeding, whether in man or beast,
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tends of necessity to produce *degeneracy’ in some
form or another; and this by some unexplained and
apparently mexphcable law, quite apart from and in-
dependent of those ordinary laws of inheritance by the
experience of whose action we are made aware that
the diseases and peculiarities of the parent descend
to his offspring, and this the mdre certainly if both
the parents are similarly affected ; and they present
their several sets of statistics' with the object of
substantiating this view.

It is impossible not to be struck with the vague
use of terms by all the writers who support this side
of the question. They never seem able to escape as
it were from the tyranny of their own phraseology,
and appear to suppose that when they have intro-
duced a long Latin word, with a perfectly indefinite
meaning, they have gone a long way towards explain-
ing a complicated series “of facts. What is really
meant by ‘deterioration’ or ¢ degenemcy’ ?  Every
variation from an ongmal type, not %o mention every
disease, might, we suppose, be spoken of as de-
generacy. Thus, adopting the hypothesis of the unity
of the human race, if the first man was white, the
black races would be degenerate,’and vice versd ; and
if he was intermediate in colour, like the Arab or the
Brabmin, then would black and white both equally be
degenerate. No one ever doubted the potent influence
of close breeding in devecloping and perpetuating
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an accidental variety—it is indeed the one only
means by which this can be done ; and sxmﬂa,rly, no
one doubts that, given a degencracy of any kind—a,
disease or a morbid tendency—already existing, close
breeding will tend to develop and perpetuate it in
exact proportion to the degree in which it is,close.
These are merely Instances of the opera;,id'n of the
ordinary and well-known laws of inheritance, simple
deductions from the time-honoured generalization
expressed in the homely phrase ‘Like breeds like ;’
and they are intelligible just in the samg degree
as are any other phenomena of nature which are
referred to a general expression, which is for the
existing state of science an ultimate fact. Breeders
know well enough that the produce of two thorough-
bred shorthorns, with whose pedigree they are well
acquainted, will neithen be a half-bred.Alderney calf
nor any other mongrel. Buf such facts as these are
far too simple and well established to satisfy those
writers who wish us to believe that if only the
progenitors in this exarple be brother and sister,
the produce might vary in the remarkable manner
suggested. In the case before us, moreover, the
most various and apparently unconnected forms of
degeneracy are all attributed to the same cause.
Exactly as'a Scotch peasant puts every plhenomenon
of nature for whlch he is unable tb render a reason,
to the account of Sir William Wallace or the devil,
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so do these writers attribute every conceivable im-
perfection existing in the offspring of parents related
in blood to-the fact of consanguinity alone. Each
observer, it is true, putq some one defect prominently
forward, but in each case it is a different one.

The qualities of offspring at birth may be said
to be thie resultant of the reaction of the sum of
those of the twoeparents upon one another, together
with the modifications superinduced upon them by
external circumstances. Now, as the antecedents
upon which the condition of any offspring depends
are thus extremely complicated, it is clear that
nothing less than a very large and very unequivocal
experience can justify us in asserting that, in a
particular case, this, that, or the other phenomenon
in the offspring is the result of this, that, or the
other individual antecedent>in the parents. Such
experience in many instonces we do possess. Here-
ditary gout and hereditary insanity are as clearly
traceable through many generations in the families
in which they are inherent as is the succession to
the family estate, and very often much more so.
They do not pass upon every member of such
families, for many reasons, some ‘of which we know,
or are apt to think we know—such as emigration,
change of external circumstances, habits of life, or
even social position, and still mqre, the influence
of successive intermarriages; but all this notwith-
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standing, the fact remains that such defects or
peculiarities, once acquired, are, as a sule, trans-
mitted to the offspring ; and if the writers of whom
we are speaking had content®d themselves with
showing that the marriages of blood relations are
more likely, caterts paribus, to produce unhgalthy
offspring than others where an hered'.itary taint
exists, they would have made an eassertion which,
though neither very'novel nor very intéfesting, could
not well have been disputed. But what they really
have asserted is something far different from this.
It is, substantially, that if two persons marry, being
related in blood, even at so distant a degree as that
of second cousins, their offspring, will, as a rule,
be degenerate, or will themselves produce degenerate
descendants. The following remarks by another
writer are quoted by Dr. Devay, and adopted by
him as accurately repregenting his own view.
(Devay, 2nd ed., p. 246.)

‘Ce qu'on reproche aux mariages consanguines
ce n'est pas, dit le docteur Déchambre, de perpetuer
dans les familles, par le moyen’ des alliances, les
maladies susceptibles de transmission héréditaire, en
certaines formes de- tempérament, en certaines pré-
dispositions organiques, comme l'étroitesse de la
poitrine, ou quelque autre viee ‘de conformation.
11 est manifeste que le condition de la con.sanguinité
en sot Wajoute rien oux chances d’hérédité morbide,
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lesquelles dépendant de la santé des conjoints et
de celle de leurs ascendants reciproques, ont la méme
source dans toute f)éce de mariage. On accuse
les alliances entre parents de méme souche d'amener
de créer par le seul fuit de non renowvellement de
sang, une cause spécial de dégradation organique,
fatale 3*la propagation de l'espéce.’ -
The questions, then, which we have to examine
are as follows:—1. Is such a view as the above
borne out by the facts which these writers have
adduced, in support of it? 2. Cannot these facts
be equally well explained by the action of the
ordinary laws of inheritance? and 3. Are there
not other facts left out of view by these writers,
which are not only left unexplained by their doctrine, _
but are quite irreconcilable with it? 1. The first
reflection which occurs to w reader on looking at
the statistics just quoted, is, as I noticed above,
the extreme diversity of the effects which are in
them assigned to one and the same cause, and that,
too, in cases in which the antecedents and consequents
are many in numBer, and consist of various elements,
some known and more unknown, complicated and
involved among themselves in every variety of com-
bination. The old school definition of an efficient
cause, SPrasens efectum facit, mutatum mutat,
sublatum tollit) is doubtless far oo narrow to be
rigidl:v applied in investigations into the phenomena



Marriages of Consanguinity. 31

of nature; yet we cannot but look suspiciously
at an alleged cause which fails to cohfgrm to the
definition in every single pa’rticular. Tn the case
before us we all know perfectly well that the five
principal consequences here alleged to follow upon
consanguineous marriages —viz., sterility, mutism,
idiocy, deformity, and scrofula—all occur inechildren
when no such marriage has been cqntracted by the
parents, and are ail abgent far mor& often than
present when it has. The attempt to account for
them all by the same cause reminds us of nothing
so much as the.similar attempt to- expla,in.all geo-
logical phenomena as the effects of the Noachian
deluge, and can only lead to physiological absurdities,
as that unlucky hypothesis did to geological. More-
over, in all but one of these cases we know of other
well-established causess upon which ,the unhappy
results are often found tQ depend, and unless it
can be shown that these are excluded in the instance
before us, we are not at liberty to introduce a new
cause of which nothing is certainly known. This
brings us (2) in the second place to the consideration
of how far the facts adduced can be explained by
the known laws of inheritance. There is a phe-
nomenon well known to breeders of animals, and
frequently observed also amongemankind, which has
been recognised by physiologists: under "the name
of atavism. By atavism is meant a tendenc}, the
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laws of whose action are at present quite unknown
to us, on.the part of offspring to revert to some
more or less ancestral type. Instances are not far
to seek, and are familiar to many even who have
not gone further than to remark the phenomenon
itself, It is «ho uncommon thing to find a child
born who grows up with but little resemblance to
his immediate parents, but bearing a strong and
remarkable likeness to some grandfather, or great-
uncle, or other even more distant ancestor. This
is a fact of common experience, nor is the likeness
confined to figure or features, for similarities of
disposition and temper, peculiarities both of mind
and body, and even diseases, are found to descend
in the same irregular and apparently unaccountable
manner. Gout, one of the most hereditary of mala-
dies, has even been supposed habitually to miss
each alternate generation, and fall upon the next
beyond. These things, we repeat, are known to
happen among mankind, but from the length of
human life, as compared with that of the domestic
animals, it is among the latter that we find, as we
might expect, that they have been most frequently
observed, and in fact, the tendency to atavism is,
we believe, habitually recognised and allowed for
by the breeders of «cattle. - But though the fact is
undoubted, no man can point out beforehand the
individual case in which this reversion to the old
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type, this relapse, as we may call it, Will. take place,
and many a time, doubtless, has,its sudden dccurrence
frustrated the hopes of the breeder and wasted his
labour and care. Now, if the known fact of atavism
is fairly considered, it at once affords an answer
to the objection of M. Boudin and Dr. Devay, sthat
the various defects and diseases, the statistics of
which they have collected, cannot bé traced to the
parents of those subject to them, and cannot therefore
be looked upon as hereditary. The commonest
acquaintance with the ordinary conditions of human
life will enable any one to see that it is impossible
for a medical man to investigate the family histories
of any fifty of his patients, so far as to arrive at
a clear notion of what has been the condition of
health of even the four grandparents whom nature
apportions to us all; afld yet, without this, how
can he pronounce with any éertainty that a particular
disease or infirmity is not inherited? It may be urged,
no doubt with sonle force, that to bring into the dis-
cussion a phenomenon of which w¢ know so little
as we do of atavism, is to appeal not to our know-
ledge but to our ignorance; but the same is true, and
true in a far higher degree, of consanguinity itself.
So far as we have gone at present, it may be
said that the two sides of the argliment are, en the
whole pretty evenly balanced. The statistics of
MM. Berhiss, Howe, and Devay may be left to
D
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answer one another, and even if they be considered
to fail in‘dding 8o, the number of instances collected
by these ‘gentlemen is insufficient to afford more
than the feeblest presumption in favour of their
conclusion. But when M. Boudin comes forward,
courting, his instances by thousands, and tells us
that in France the number of deaf-mutes who are
descendants of*consanguineous marriages is from ten
to fifteen times what it ought to be when compared
with the proportion which such unions bear to the
whole, number of marriages, we feel that we are
on different ground. Such announcements cannot
fail to produce in most men’s minds a strong appre-
hension, at the very least, that the two phenomena
which he is labouring to connect have, after all,
some close mutual interdependence. On the other
hand, when we fairly condider the difficulties, some
of which we have just ‘seen, which lie in the way
of demonstrating that the defect is not in many cases
inherited, the extremely complicated character of the
phenomena with which we have to deal, and, above
all, the fact that on M. Boudin’s own showing, the
alleged cause is absent in'an absolute majority of
the cases in which the effect*is seen to follow, we
are once again compelled to suspend our judgment,
and to look further for new facts beforc we can
arrive at a contlusion.

So far, then, we might conclude that the: imperfect
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condition of our knowledge of the phenomena of
inheritance, including in that/ term varration and
atavism, precludes our coming to any detision upon
the subject, but that the general consent of mankind,
together with the positive evidence which has been
given, is sufficient at any rate to arouse in our minds
gome misgivings lest the ‘law of nature” which
Dr. Devay and others contend for should really
be found to exist: but before we can ?'air]y yield,
even to this extent, to the arguments of these
authors, we must provide an answer to the third
query, viz. (3) Whether there are not some facts
which are quite irreconcilable with the theory in
question? Now, in the case of the human race, the
difficulty of obtaining trustworthy evidence is so
great, that we should despair of ever attaining even
to an approximation tos the truth, did we depend
on it alone. It consists dlmost exclusively of the
published opinions of certain observers, more or less
competent, as to*the hygienic condition of certain
small communities who from their isolated position are
either supposed or known to ini.;exzma.rry frequently
among themselves ; and these opinions are found to
be as contradictory in character as they are scanty
in number. Fortunately, however, the evidence
derived from the breeding of animals, and the regord
of that evidence preserved in the « Herd-book’ and
the * Stud-book,’ is clear and decisive upon this point.
D 2
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Mr. J. H. Walsh, well known, under the nom-de-
plume of Stonehenge, as an authority upon sporting
matters, says distinctly in his recent work, that
nearly all our thorough-bred horses are bred in and
in. M. Beaudouin also, in a memoir to be found
in the Comptes Rendus of Aug. 5, 1862, gives some
very interesting particulars of a flock of Merino sheep
bred in and in,for a period of two-and-twenty years,
without a gingle cross, and with perfectly successful
results, there being no sign of decreased fertility, and
the breed having in other respects improved.

In a former paper on this subject I have given
the pedigree of the cclebrated bull ‘Comet,’” and of
some other animals bred with a degree of closeness
such as no one who has not studied the subject
would believe possible, and any approach to which
in the humen race would be quite impossible. In
one of these cases the.same animal appears as the
sire in four successive generations. The pedigree
of  Comet’ is as follows :— '

Foljambe. Foljambe.
Bolingbroke. Phaenix (@)
L. |
| .
Favourite (b) Pheenix ()
l
|
Young Pheenix. Favourite (h)

I

Comet.
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Now, bearing in mind the argument of MM. Bou-
din, Devay, &c., that it is nothiig but the mere near-
ness of blood relationship, and not an.y ordinary
inheritance of parental defects, which produces the
ill effects which they trace to consanguinity, such
examples as these ought surely to have great wdight.
It is clear that even if it were established that such
breeding as that frorp which ¢ Comet” wag descended
had invariably led to dégeneracy and discase, we
should not be thereby warranted in arguing from
it that an occasional marriage of cousins * among
mankind had even the slightest tendency to produce
similar results. But, on the other hand, we may
certainly allege with some fairness; that if at the
end of such a pedigree there is produced a remark-
ably fine specimen of the species to which it belongs,
mere close breeding, indeEendently of ‘the qualities
of the animals bred from, c&n have no ill tendency
at all. At once so obvious and so forcible has this
argument been felt to be, that the supporters of
the opposite view have been at considerable pains
to evade or destroy it. Four principal objections
have been laid against either the admissibility or
the value of the evidence derived from the lower
animals. (1.) It has been said that prize-animals are
not in fact perfect animals, but monsters, %.c.*de-
viations from, or modifications of, the natural type
of the species, induced by man with the object of
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fitting them for special purposes of his own. (2.)That
pigs and other anitals have been known to die
out altogetiler after being bred in and in for several
generations. (3.) That the evidence is valueless as
applied to mankind, inasmuch as when animals are
closely bred with success, the progenitors in such
cases are carefully selected from among the stoutest
and most  healthy that the breeder can obtain.
(4.) The last objection applies especially, or indeed
exclusively, to M. Boudin’s attempt to prove the
prevaleice of deaf-mutism in the offspring of con-
sanguineous marriages ; it is that the defect is one
from which man, ‘the talking animal, alone can
suffer, and one therefore expressly designed by Pro-
vidence to punish man for a breach of nature’s law.
The special ingenuity of this objection lies in the
attempt whi¢h it makes to ‘draw a broad distinction
between man and the‘lower animals, and thus to
discredit the evidence derived from the latter in
its application to the former. It is however more
ingenious than cenclusive, for deaf-dumbness means,
as a rule, congenital deafness, and such a defect
is almost as serious where it exists in the lower
animals as in man. '

As the settlement of this question of the ap-
plicubility to man ‘of the evidence derived from the
lowgr animals, seems to be ofe great importance
to the thorough understanding of the whole subject
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before us, I proceéd to examine the above objections
somewhat in detail.

(1.) The statement that prize-animals are un-
natural, and therefore not perfect animals, nor fair
types of their several races, contains undeniably a
certain amount of truth. Those mere quivgring
masses of fat which appear from time to time in
Baker Street under the title of pnze-plgs are doubt-
less no nearer an approach to the perfectlon of
pig-nature than was the celebrated Daniel Lambert
to the noblest standard of corporeal humanify ; but
it is no wise proved that they are in any intelligible
sense degenerate. They are not only carefully bred,
but also artificially fattened for a special purpose ;
and there is no more reason to doubt that they
would have been quite different animals had they
been differently treated, than there is that the same
man who is spare and active.as a Newmarket jockey,
might become corpulent, pursy, and dyspeptic, if he
entered on ‘the® public line’ and spent his time
dozing in his bar over rum-and-water and a pipe.
This objection is therefore not p;'oven even when
most strongly put, and when a fairer instance is
taken will be found to break down utterly. Such
an instance is to be found in the English thorough-
bred horse. Writers upon sperting matfers, are
pretty generally ggreed that no horse either bears
fatigue so well or recovers from its effects so“soon
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as the thorough-bred, and it is a subject upon which
such writers are thq best of all authorities. Thus
¢ Nimrod ’ concludes a comparison between the
thorough-bred and the half-bred hunter in the fol-
lowing words: *As for his powers of endurance
under equal sufferings, they doubtless would exceed.
those of the “ cocktail,” and being by his nature
what is termed a better doer in the stable, he is
sooner at his work again thad the other. Indeed,
there is scarcely a limit to the work of jfull-bred
hunters_of good form and constitution and temper ;’
and yet these, as we have seen, are almost all
close-bred.

(2) With regard to the allegation that some
animals have been known to die out after being
closely interbred through a long series of generations,
while we do pot dispute the. fact that such may have
been the case, we are ,not aware of any instance
of which the particulars have been noted in a satis-
factory or really scientific form. We know neither
after how many generations this result was produced,
what was the degfeé of close breeding, nor what were
the other conditions under which the animals were
placed. All these particulars it is necessary to know
before we admit the efficiency of mere close breeding
as a cause of degencracy, in the face of the evidence
above adduced. ‘The last, viz. the conditions under
which the creatures were placed, is a matter of the
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greatest importance, inasmuch as if once any par-
ticular disease or defect be iaduced updn a stock,
there is no doubt that it can be transmitted and
intensified to an indefinite degree by close breeding.
Just as a careful breeder can take dvantage of any
accidental " variety produced in his stock, and per-
pétuate it, if it be desirable to do so, so by careless
close breeding may a disease be perpétuated, however
undesirable or mischievous it be.

(3.) That the selection which is always practised
in the close breeding of animals should ewer have
been brought forward at all, as against the ap-
plicability of evidence thence derived to the case
of the human race, is a fact both.curicus and sig-
nificant. It is so inasmuch as it shows at once how
completely the few persons who have been at the
pains to consider this subject at alle have looked
upon it not as a questio;l «of scientific physiology,
but merely from a practical point of view. The
question which °really has to be decided is not
whether under any particular circumstances close
breeding is desirable or not, but whether any evil
effect, or specific effects of any kind, are traceable
to close breeding in itself, and independently of
the condition, health, and perfection of the animals
in whose case it is practised. We have saen .this
distinctly affirmed, by Dr. Devay in the passage
already fuoted ; if, therefore, we take his statement
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as it stands, it is quite clear that selection docs
not affect * the question in the slightest degree.
Dr. Devay ‘states that the evils which he charges
upon marriages of consanguinity are simply and
solely due to the mon-renewal of the blood, as he
terms it, ,independently of any previous tfaint in
the prog}enitors, which, he even ventures to assert,
where it exist$ adds nothing to the chances of
degeneration in the offspring. Now, the non-renewal
of the blood is manifestly just as complete, if the
degrce of close breeding be the same, when the
most careful selection has been exercised, as where
none has; and if, as in some of the instances which
we have cited .(the bull ¢Comet, for example),
close breeding, with selection, has been carried to
an extent inconceivably greater than is possible in
the human rsace, with no ilk-consequences whatever,
this constitutes a simple‘ demonstration that mere
non-renewal of the blood does not necessarily cause
degeneracy, and that Dr. Devay’s thieory is therefore
utterly untenable, In point of fact, what we may
really learn by studying the effect of selection is
that no law of nature whatever is infringed by close
breeding, to whatever extent®it be carried, but
that precisely the, same laws of inheritance obtain
in it as in other dases.

The distinction’ which is now drawn between the
study of this subject as a question of &cientific



Marriages of Consanguinity. 43

physiology, and as a matter affecting practical life,
is one of some importance. /The consideration of
it from the latter point of view might, if a sufficient
number of trustworthy facts could be collected, be
of some value, at least as a guide to indicate the
dlrectlon in which investigation of a more scientific
character could be carried on with the best ‘prospect
of success. Thus, the fact which *M. Boudin has
brought forward might profitably induce any one
who should have the means of doing it, to investigate
what are really the causes of congenital deafness.
It is impossible to believe that mere non-renewal
of blood is the cause, since the phenomenon is met
with where the supposed cause is absent, and is
itself absent in the great majority of cases in which
the cause is in operation. The next step, therefore,
should be to endeavour to learn what are all the
antecedents in a mass of ::a,ses of deaf-mutism, with
the view of discovering any one which is common
to them all. When this is carefully done, it may
not improbably be found that some other and quite
dissimilar phenomenon has existed in the progenitors,
having a tendency to bring about deafness in their
offspring, and that this tendency has been developed
with additional force by the marriage with the same
family, exactly as is the case with other_ taints of
disease. In ordew to illustrate our meaning, let us
take, for example, one of those cases of correlation
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of growth brought forward by Mr. Darwin. He
finds that all cats‘ having blue eyes are deaf.
Now, it has been found, and cases in proof of it
have been published, that this is not absolutely
true, though approximately so. It is evident that
there, is spme causal connexion between these two
phenomena, though what it may be is entirely
unknown. Let' us suppose, then, that previously
to the announcement of ‘this fact by Mr. Darwin,
any one holding Dr. Devay’s views on consanguinity
had been making observations upon it on certain
cats. He chances to have two cats with blue eyes,
but not deaf, brother and sister we will suppose:
upon these two breeding together the progeny pro-
duced are deaf. The observer in this case would
almost certainly conclude that the deafness was a
result of the-consanguinity of the parents, whereas,
had he known more of the antecedents of the case,
he would have seen that the blue eyes of the parents
indicated a strong tendency to deafness, and that
this being the case in both, deafness had actually
resulted in the offspring by the action of the ordinary
laws of inheritance. Or, to give another example,
which will be unhappily more familiar to many of
our readers, and which deals more with actual and
less ;with hypothetical facts than the above, let us
take the case of hydrocephalus, or water on the
brain, as it occurs in infants. This disease is now



Marriages of Consanguinity. 45

well known to be in one of its two forms a manifes-
tation of the same constitutiongl disordér which pro-
duces consumption and other forms of scrofula; but
this knowledge is a comparatively recent acquisition of
pathological science. Had Dr. Devay then been con-
ducting researches into the question of consanguinity,
he' might doubtless have discovered in certain regions
where consumption was very prexalent, that the
children of cousins were unusually subject to hydro-
cephalus, and not knowing of any connexion between
two diseases superficially so different, would doubtless
have announced that this was a special provision
of Providence to restrain mankind from -consan-
guineous marriages, with as much confidence as
he has now declared the same of deaf-dumbness,
deformity, &c.

It is only by some really scientific, investigation
of the facts, some investigation, that is, which shall
reduce them under the operation of a recognised,
or at least recognisable law, that we can hope to
obtain even such a knowledge of this subject as shall
serve for a guide in practical life; and mere empirical
generalizations such as those of Dr. Devay and
M. Boudin are of little or no value even for this
purpose, so long at least as the exceptional cases
continue far more numerous than those which_can
be brought under the law. Such generalizations
act more often than not as mere hindrances tr the
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progress of science, or help it on only in so far as they
provoke discussion, and thus, in the very process
of being themselves overthrown, contribute to increase
or correct our knowledge of the facts upon which
they profess to be founded.

We have now, then, arrived at the end of another
stage of our inquiry, and must consider that the
question which was left in doubt by the near balance
of the evidence obtained from the study of mankind,
is settled decisively against the theory which attri-
butes ill effects to the mere non-renewal of the blood
by the much more extensive and less equivocal
evidence which we derive from experiment upon
the lower animals. And in this position we might
have been content to leave the subject, had not
Mr. Darwin recently entered the arena as a champion
in the same cause as Dr,Devay. The whole of
Mr. Darwin’s most inteyesting and valuable volume
upon the Fertilization of Orchids was written, as
he tells us at the outset, in order to substantiate
the assertion that ¢it is apparently a universal law
of nature that organic beings require an occasional
cross with another individual’ This supposed law
of nature is very ingeniously used in Mr. Darwin’s
previous work to serve as a support of the theory
there advanced as. to the origin of species, and at
the end of the volume from which I quote, the
author sums up his views upon the point in the
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following words, which will no doubt be fresh in
the memory of many of our readers :— * .

¢ Considering how precious the pollen of orchids
evidently is, and what care has been bestowed on
its organization and on the accessory parts, con-
sidering that the anther always stands close behind
of above the stigma, self-fertilization would have
been an incomparably safer process. than the trans-
portal of the pollen from flower to flower. It is
an astonishing fact that self-fertilization should not
have been an habitual occurrence. It apparently
demonstrates to us, that there must be something
injurious in the process. Nature thus tells us, in
the most emphatic manner, that she abhors per-
petual self-fertilization. This conclusion seems to
be of high importance, and perhaps justifies the
lengthy details given in this volume., For may we
not further infer as pr6bable, in accordance with
the belief of the vast majority of the breeders of
our domestic productions, that marriage between
near relations is likewise in some way injurious—
that some unknown great good is derived from the
union of individuals which have been kept distinct
for many generations ¥—pp. 359, 360.

It is not my present purpose to enter into any
general discussion of Mr. Darwin’s views, but I must
take this opportupity of expressimg the admiration
which I feel for the marvellous diligence with Which
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he has observed and recorded the phenomena of
nalure, the clearness of his descriptions, und, above
all, the admirable candour with which he has
admitted the full force and cogency of some of the
objections which lie against his theory. My present
business is with the very much narrower considera-
tion of how far the inferences which he has drawn,
in the very small portion of his subject which affects
the question before us, are really borne out by the
facts which he has adduced in their support, and
whether there are not other facts of a precisely
similar character which cannot be reconciled with
them.

Mr. Darwin’s argument, stated in a succinet form,
appears to be as follows. If we ecxamine the class
of orchids, we find that the stigma and the pollinia,
in most cases, exist in the same flower, and are
in very close juxtaposition. We find also various
indications that the pollen of orchids is precious,
that is to say, it exists in small quantities, and
various precautions, as we may call them, are taken
by nature to prevent its waste. These facts, taken
together, would naturally lead us to ‘suppose that
orchids would be self-fertilizing, but we find, on
the contrary, that in by far the greater number of
species the most curious and elaborate contrivances
exist, whereby the fertilization of one flower by
the pollen of another almost invariably occurs
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through the medium of insects, and that if the visits
of insects are artificially prevented, no ‘fertilization
takes place. We may hence conclude that some
evil must result to the species from the perpetual
recurrence of self-fertilization, and may extend our
inference so far as to suppose that close-preeding
of any kind, even in so diluted a form as that
practised among civilized mankind by the marriage
of cousins, is in some unknown way injurious, and,
in fact, that within certain limits the more remote
is the connexion between two individuals who are
to breed together, the better will it be for their
offspring.

It is certainly curious that this should be the
doctrine of one whose main theory leads directly
to the conclusion that all organic beings are the
lineal descendants of some one primamval monad.
I do not mean for a moment«to say that more than
a mere apparent and superficial contradiction is here
suggested, for infercrossing is merely one among
many of the forces to which Mr. Darwin refers the
gradual evolution of new forms of life, and it is
one which we may easily suppose to have come
into action at a peribd comparatively recent. But
when we come to look into the,argument more
closely, the first tincture of distrust is imparted
to our minds by the fact that, after all, it is but
an argument from ‘final causes’ Now, final causes

E
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have, been looked upon with some suspicion ever
since the time of Bacon; and it has certé,inly not
been by the investigation of them that the chief
discoveries of modern days have been made. In
point of fact, in making use of an argument of
this kind a man leaves everything like firm ground
behind him, and sails out upon an ocean of urcer-
tainties in which he has neither chart nor compass
by which to steer. When he argues that such a
phenomenon must exist for such a purpose, because
there.is no other purpose for which it can exist,
it is obvious that his real meaning is,—because I
don’t know of any other purpose which it can
subserve. But since the facts of nature which we
understand, bear no very large proportion to those
of which we are ignorant, these two propositions
do not seem to bear ary very necessary relation
to each other. And aofter all, what has Mr. Darwin
really proved ? He has shown us that in the greater
number of species of one class’ of plants certain
arrangements which, on a superficial view, would
seem intended to bring about constant self-fertiliza-
tion, are found, when more closely looked into, to
conduce to exactly the contrary result; but it
remains upon his own showing that there are, at
least in one species, the bee-ophrys, equally elaborate
contrivances for the production of self-fertilization,
as exist in the others for the prevention of it. If
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there were anything necessarily pernicious in the
process itself, how is it that this exczaptional case
does not become extinct, instead of being, as Mr. Dar-
win admits that it is, one of the most prolific of
our native orchids? We may admit what he also
shows, viz. that occasional intercrosses, ares also
bfought about even in this case; but if we take
the fact of the rarity of this event, together with
that of the prolific character of the plant, it
will be hard to arrive at a conclusion therefrom
which will satisfy the requirements of Mr. Darwin’s
theory.

If we find that in the bee-ophrys, for instance,
self-festilization takes place fifty times while a cross
occurs once, we are quite as well justified, to say the
least, in arguing that it is a beneficial process because
it is the rule, as that it iss pernicious ore because it is
a rule which admits of some few exceptions. Now,
in point of fact, if we take the whole vegetable king-
dom, instead of the one order of orchids, we shall find
that the latter are almost as exceptional in their
mode of fertilization, as compared with other plants,
as is the bee-ophrys when compared with other
orchids. In some °cases, as that of the barberry,
contrivances very similar to those described in the
orchids exist for the very purposd of convenient.self-
fertilization ; but such instances Mt. Darwin meets by
the statement, that if several varieties of barberry are

E 2
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growing together, it is found that intermediate forms
do in fact spring up, thus proving that mutual fer-
tilization frequently occurs. Here, again, the same
objection seems to lie, namely, that his inference is
drawn not from the rule but from the exception. In
the instance both of the bee-ophrys and of the bar-
berry, self-fertilization is the ordinary mode of propa-
gation, and it iy therefore difficult to believe that in
the vast series of past generations from which every
existing plant has sprung, there have been any
appreciable proportion of crosses. I am not here
concerned to discuss the bearing of this matter upon
Mr. Darwin’s main argument, viz. the origin of
species. It is, perhaps, possible that the supposition
of a cross taking place once in fifty, or once in two
hundred times, might satisfy the requirements of his
theory. All awhich I have'to do is to examine its
bearing upon the questioxis which he has connected
with it in the passage I have cited, and this certainly
seems sufficiently remote. It is surely somewhat
unsatisfactory reasoning to say,—°‘ It appears neces-
sary in all cases that there should be an occasional
interruption to the perpetual series of self-fertiliza-
tion, in all organic beings, therefore we may believe
that a similar occagional intercross is necessary where
breeding takes plact between two individuals of very
near blood-relatiohship, hence we«may further infer
that such intercrosses should be the rule; and finally,
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that even an occasional instance of interbreeding
between two individuals very slightly related in blood
is likely to be productive of serious degéneration in

the- offspring.” Yet this is really but a paraphrase
of Mr. Darwin’s reasoning in the above passage of his,
work. The difference of degree between the cages is
so great as to destroy all analogy between them, and
render the reasoning which might be sound in the one
case totally inapplicable to the other. So great is
their difference, that if, from the mere non-renewal of

the blood, any appreciable degeneration took place in

the offspring of a marriage of cousins, our finest

breeds of sheep and cattle and horses would have

long since become the most miserably degenerate
beings on the face of the earth, if indeed any of them
still remained upon it.

In conclusion, I wil| inquire shortly into the
evidence which has been afforded by certain experi-
ments recently made upon the growth of wheat,
having for theif’ object its improvement for agri-
cultural purposes, and made, therefore, without
any previous bias in favour either of close breeding
or of crossing.

In pacing through the Great Exhibition of last
summer, many of our readers may have noticed among
the agricultural products in the Eastern Anpexe
some magnificent gars of corn, bearing the somewhat
novel title of ‘pedigree wheat, which excited the
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admiration of all those interested in such matters.
This wheat was exhibited by Mr. Hallett, of Brighton,
who has given its history in the Royal Agricultural
Society’s Journal, vol. xxii. part 2. It appears that
,this gentleman having conceived the notion that
careful ‘breeding might produce some of the same
advantages in cereals which it has been found ‘to
do in cattle and horses, commenced some years ago
a series of experiments with the view of carrying
out his idea. Having selected one ear of wheat of
remarkgbly fine quality, he sowed the grains sepa-
rately, at a distance of twelve inches apart. The
next year he further selected the one finest ear
produced from the former, and treated that in a
similar way. The following table gives the result
at the end of the fifth year from the original
sowing :—

Year. Length. |Gontaining eg:l:r]:esrt:(fl
Inches. | Grains.

1857 | Original ear ................. 43 45
1858 | Finest ear ...................| 6% 79 10
1859 | Ditto o...coeevvveevennnn | 72 91 22
1860 | Ears imperfect from wet

L1 E 1) | S R 39
1861 | Finest ear . ..................| 83" 123 52

“Thus, says Mr. Hallett, ‘by ymeans of repeated
selection alone, the length of the ears has been
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doubled, their contents nearly trebled, and the
tillering power of the seed increased fiwe-fold.’ By
‘tillering,” I should perhaps mention, is- meant the
horizontal growth of the wheat-plant, which takes
place before the vertical stems are thrown up, and
upon the ‘extent of which, therefore, depends in a
great degree the number of ears which fhe single
plant produces. Now there can bg no doubt that
a great deal of the marvellous improvement shown
in the above table is due to the treatment which
Mr. Hallett™ subjected his wheat; that is to say,
to the fact of its being sown singly and a.part, 80
that each plant has been allowed to develop itself
fully ; but we cannot attribute the whole to this
cause.

The point in which we are especially interested
is the fact that this wheat was, without any reason-
able doubt, close bred throughout the whole of these
five generations; and the result has been not
deterioration, bt most marked improvement. If we
consider the structure of the wheat-flower, and the
conditions under which it grew in these cases, we
cannot entertain a doubt upon this question. Each
individual flower ig hermaphrodite, the flowers grow
close together in a spike, and the number of stems
thrown up from one sced all’ stand in a mass
together. Hence it is hardly ,possible that the
stigma .of any one flower should receive pollen from
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any but either its own anthers or those of another
flower on the same plant, which even Mr. Darwin
himself admits can hardly be considered as a distinct
individual. That Mr. Hallett himself has no doubt
upon this point is proved by the following extract
from a private letter of his, to myself, in which
he thus, answers a question upon this subject. ‘As
to crossing, I must in theory admit the possibility
of its taking place, but have the fullest conviction
that practically it has not taken place in my wheat
and other cereals.’

Mr. Hallett had also found that the improvement
in the sixth generation has been even greater than-
in any of the others. Now, though it is true that
the result of a trial of six generations does not vouch
for that of one of sixty or six hundred, it is still
good as far as it goes, and since it has led to a
marked and’ unprecedentéa improvement in the
original stock, it certainl:y tends to throw doubt upon
the opinion that mere close-breeding is of itself
productive of degeneration.

On the whole evidence before us, then, I cannot
conclude otherwise than that the very general opinion,
that there is some special law of nature which close-
breeding infringes, is founded rather on a kind of
superstition than on any really scientific considera-
tions. If we look upon the question as one of
science, we find that of the facts ;;"iven as evidence
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in favour of this opinion, all except those adduced
by M. Boudin can without difficulty be reduced
under the ‘ordinary laws of inheritance’ and even
those which he has brought forward, though at
present not accounted for by the same laws, cannot
be shown Yo be exceptions to their action, and remain
quite equally unaccounted for by the introduction
of the hypothesis under discussione On the other
hand, the known facts brought to light by investi-
gation among the lower animals and plants, are
such as positively to disprove this hypothesis as
regards them; and it would require much more
stringent proof than any one has ever yet attempted
to bring forward, in order to justify us in believing
that man is under the action of physiological laws
differing from those which obtain in the rest of the
~organic world. The aspect of the question before
us from the practical point of view is, however,
somewhat different. Here further evidence is still
required, and will no doubt be collected. It is of
course conceivable, whether probable or not, that
there may exist at the present.time in civilized
communities, so few families really free from all
taint of disease or Jmperfection, as to render inter-
marriage of blood relations unsafe by the action of
the ordinary laws of inheritance. I am ingdeed
strongly disposed ,to dishelieve, in the absence of
strict evidence, in any such degenerate condition as
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the normal state of modern humanity ; but it is
this point, and nothing further, which observation
and statistits are capable of deciding; and in order
even to do this, the observations must be more
careful and the statistics far more extensive than
any which have yet been recorded.
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A VERY elaborate Essay upon the above sub-
ject, by Mr. William Adam, wherein it is discussed
both in its physiological and its legal bearings, ap-
peared in the Fortnightly Review, vol. ii. p. 710,
and vol. iii. p. 74. Mr. Adam’s conclusion on
the physiological question is as follows, vol. iii.
p- 81 :— That there is no physiological law against
consanguineous unions: by which it is meant to
be affirmed that there are no injurious physical
consequences which necessarily and universally fol-
low them. In the vegetable kingdom self-fertiliza-
tion is common and salutary. In the animal
kingdom close-breeding does mnot deteriorate, and
often improves, the breed. In the human race
the alleged bad effects are not "proved, and they
are disproved by the occurrence of the alleged
cause without thoge bad effects, and of the bad
effects independent of the alleged cause. Further,
there is no proof of the physiq.al deterioration of
those divisions of, mankind amongst whom consan-
guineous unions are known more or less to have
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prevailed. Ancient history furnishes no ground for
supposing that the Persian and Egyptian nations
suffered any physical degeneracy from that cause.’
It is certainly worthy of remark—and it is a
point referred to by Mr. Adam—that, if we sup-
pose all mankind to have sprung from a single
pair, ali mankind must be consanguineous, and’ in
the earlier portion of its history all marriages must
have been marriages of consanguinity ; and it is
not easy to understand the conception of a ‘law
of natyre’ which visits with condign punishment,
now, a kind of union the formation of which was
in former times the indispensable condition of the
continuance of the human race upon the earth’s
surface.

For the following observations in confirmation of
the views maintained in the above Essay, I am
indebted to the kindness of Dr. John Davy :—

‘There are some facts which lead me to think
that if animals coming together to breed are quite
healthy, free from any taint of disease, that their
offspring will be healthy.

‘In small isolated societies there must be much
breeding in and in unless special precautions be taken
to prevent it. I shall mention a few instances, in
which I believe no precautions of this kind have
been attended to.

‘Some forty years ago I v151ted the secluded
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little dale, Glenfinlass, in the Highlands of Perth-
ghire, and I there learnt that, with ond exception,
there was no instance in the memory of man of a
Stuart marrying out of the glen. The few families
I believe were healthy : at the house we were
entertained,. our hostess was remarkable for bea'uty,
and, was above the average size of women.’ They
lead a pastoral life; milk forming a good part of
their diet.

‘In the Scottish islands and islets, in many
of which the inhabitants are few in number,
and have little intercourse with the mainland, the
same kind of marriages must often occur: yet
the people are supposed to be, and I believe are,
nowise degenerate. We are told on good authority
that pulmonary consumption is comparatively rare
amongst them. In Cornwall there ara small fish-
ing villages so situated, so «in a manner isolated,
that marrying of blood-relations must be common,—
such villages as” Mousehole and Newlyn in the
Mount’s Bay; yet these people bear no marks of
degeneracy, but the contrary: they are remarkable
for their good looks, and, I believe, good health ;
to which the activeehabits of both sexes, and their
fish diet, may greatly conduce,—and their living
8o much in the open air.

‘In the Meditenranean there are many similar
examples of small isolated societies, amongst whom
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there appears to be the enjoyment of more than
ordinary héalth and freedom from hereditary dis-
ease. Tl‘ley occur in the Lipari islands, in the
Islands, or rather islets, belonging to the Ionian
Islands, such as Fanno, Maganisi, Vido, Cerigo.
As ‘well as T could judge when I visited these
spots, ‘their inhabitants were peculiarly favoured as
to health, and“as to good constitutions. The popu- \
lation of Stromboli, one of the largest of the Lipari,
amounted, when I was there some 35 years ago,
to abeut 1500. There was not a medical man or
a lawyer in the island. Agriculture was the main
occupation of the inhabitants—the culture of the
vine. No man there was idle, and all seemed
in easy circumstances favourable to health. One
of the most considerable of them told me that
the only precaution he took to keep himself in
health was to change his shirt after working in
his vineyard. In the island of Fanno towards the
entrance of the Adriatic, the inhabitants lead much
the same kind of life, and are, I believe, equally
healthy, and as personable in their appearance.
As to size, they are not less than the average;
they are singularly contrasted with their cattle—
a small breed, smaller by far than that of the
neighbouring Cotfu, or of Italy on the Calabrian
coast, yet of delicate make, and: very active. Their
peculiarity as to size may be owing—such was my
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conjecture on the spot—to a scanty pasturage, and
purity of blood; and in relation to *health and
form, goodness of climate and wholesomeness of
food, though scanty.’

Again Dr. Davy writes :—‘About ten years ago, a
pair of red’deer were taken from the herd and put
intd a paddock of twenty or thirty acres adjoining
Stornoway Castle, Isle of Lewis, the property of
Sir James Matheson, Bart. There confined; there has
been a yearly increase; the number now (1862) is
about 23, not including several killed. They,are all
descendants of the original pair; and I was assured
by my informant, the keeper, under whose obser-
vation they had been the whole time, that compared
with the deer of the forest, they showed a marked
improvement.”

And once more :— Looking over one, of my note-
books I find a fact which ,may be interesting to
you. Conversing with an intelligent Cumberland
sheep-farmer abdut dogs,—he said that breeding
in and in did not, he thought, do them any harm.
He gave the instance of ‘a dog the father of a bitch,
and in succession of her puppies, and also of the
puppies of one of the latter,—and the dogs were
all good dogs.’

Dr. Davy’s conclusion is as follows :—¢The principle,
if I may use the egpression, that seems to me most
in accordance with facts is that, if there be vigour
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and health and no taint of blood, the offspring
of parents However nearly allied need not be
degenerate.’ :

I should add that a very similar conclusion was
maintained by no less an authority than Von Baer
at a congress of anthropologists held at Gottingen
as long ago as 1861—a fact with which I did ‘not
become acquainted until after the publication of my
first Essay on the subject, and for the knowledge of
which I am indebted to Professor Rolleston. Von
Baer’s.words are as follows :—*Gegen eine weit verbrei-
tete Ansicht dass die nahe Verwandtschaft der Eltern
eine schwiichliche oder unfiihige Nachkommenschaft
erzeuge, wurde der specielle Nachweis von der
kriftigen Gesundheit einer Familie gegeben, in der
seit langer Zeit die ehelichen Verbindungen unter
nahen Verwandten gewdhnlich waren, und der ohne
Zweifel richtige Schluss gezogen dass nicht -die
nahe Verwandtschaft an sich schiidlich sei, wohl
aber eine Krankheitsanlage sich’ mechrt wenn sie
in beiden Erzeugern sich findet und aus ihnen
auf die Nachkommenschaft wirks.’

Thus the conclusions of these distinguished phy-
siologists coincide entirely with.my own, while those
arrived at by Mr. Adam go, if anything, further
thgn I should be prepared to follow in the same
direction.



ESSAY IIL

RECENT "RESEARCHES ON THE PRODUCTION OF
THE LOWEST FORMS OF ANIMAL AND
VEcETABLE LirFge

IT is not the intention of the present paper to
enter into the whole history of the speculations of
physiologists on the subject of the spontaneous
generation of living organism, a subject which has
been one of the vexed questions of biological science
from almost the earliest times, and which is even
now, as I shall have abundant opportunity of
showing, far from being finally decided. Any of
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my readers who desire such a history will find a
good summary of it in the early chapters of the
first two treatises just referred to; and should they
wish to go still further and deeper into the
question, will find in the same place abundant
references to original sources of information. All
that I can attempt at present is to give a résumé
of the most recent experiments and investigations
which have been undertaken, and to indicate the
present position of the question. The long con-
troversy in the last century between Needham and
Spallanzani left the question in dispute much
where it was before. For whereas it was made
clear, by the experiments of these observers, that
putrescible matter if boiled for a length of time
in closed vessels could be preserved without alter-
ation, it remained doubtful whether the somewhat
rough process to which the experiment was sub-
mitted had merely killed the germs of organisms
contained in the vessel, or whether it had produced
some such change in the constitution of the con-
tained air as rendered it incapable of sustaining
organic life. The latter of these views, though
apparently the less probable «of the two, obtained
great credit from the support of Gay-Lussac, who
found that the air in the ¢ Conserves d’Appert’ made
by this process contained no oxggen.

Here, then, the matter was left until taken up by
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Schwann in 1837, and from that time till the present
it has been the subject of constant experiment and
research.

Schwann, with a view of removing the ambiguity
which arose from the doubtful purity and question-
able compoeutlon of the air.contained in the vessels
upon which he experimented, resolved to introduce
fresh portions of air into them during®the progress of
the experiment. This he did by permitting the in-
terior of his vessels to communicate with the external
air by means of tubes maintained during the®whole
experiment at a temperature nearly equal to that of
boiling mercury, a current of air being kept up by
means of another tube, with an aspirator attached.
On repeating this experiment, however, over a mer-
cury-bath, side by side with similar ones to which air
was admitted in its natural state, the results were
not found to be free from ambiguity. Sometimes
organisms made their appearance in both series of
comparative experiments, sometimes in neither. The
only real advance, therefore, magle by Schwann
towards the settlement of the question was the com-
plete refutation of Gay-Lussac’s assertion as to the part
played by oxygen in ¢he development of organisms or
the process of putrefaction. These experiments were
followed up by others conducted by MM. Ure
and Helmholtz, whese processes were like those of
Schwann; by Schultze, who passed the air through

F 2
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strong chemical reagents instead of the heated tubes ;
and by Schroeder and Dusch, who employed a filter
formed of a large tube filled with cotton for the same
purpose. All these observers, however, failed to get
beyond the point to which the experiments of
Schwann had led them. Thy all came to the same
conclusion that there was ‘something’ in the air
besides oxygen, the presence of which was necessary
to the production of putrefaction; but whether this
‘something’ consisted of the germs of minute organ-
isms, 6r of some gas or fluid, or of miasmata or what
not, was a point which the respective partisans of
‘heterogenesis’ or ‘pan-spermism’ were left to dispute
at their leisure.

But though, during thjs time, the results of in-
vestigation failed to support positively one or the
other doctrime, there is no doubt that the general
opinion of scientific men inclined to the latter of the
two. The current of scientific progress seemed to
have set uniformly in that direction ; and from the
time when Van Helmont gave directions for the
manufacture of mice, and when people believed that
maggots were spontaneously generated in putrid
meat, each successive discovery~—almost each succes-
sive observation—had served to confirm the view that
jevery organism, of whatever kind, is the immediate
iproduct of a previously existing organism. Infu-
sorial plants and animals alone now occupied the
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mysterious and unexplored realm of nature, in which
it was still believed by some that orghnisms were
constructed by the action of some undiscovered laws
directly from matter which had formerly formed
a part of some more highly endowed creature than
themselves. . Such was the state both of knowledge
and of opinion when, in the year 1858-9, M. Pouchet
of Rouen presented to-the Academy aeseries of papers
detailing observations and experiments, by which he
professed to have demonstrated the existence of spon-
taneous generation as a fact; and the Academysstruck
no doubt with the astounding nature of the discovery,
proposed in 1860 as a prize subject—* Essayes, par
des Expériences bien faites, de jeter un Jour nouveau
sur la Question des Générations Spontanées.” It is
with the investigations which have been undertaken
since this time that we shall be mainly concerned in
the remaining portion of this,essay.

M. Pouchet, then, in his first work on this subject,
appears as the préfessed champion of Heterogenesis,
puts forward his views in a systematic and elaborate
treatise, and supports them upon a basis of very ex-
tended and laborious experimentation. Having in his
first three chapters given a history of the previous
progress of the question, and certain general views of
the metaphysics of the subject, into which it is not
my present purpose to enter, he praceeds in chapter
four to give an elaborate experimental disproof of the
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theory maintained by the ‘Pan-spermists,” as he callg
them. This'he does somewhat as follows. There are
certain points on which all observers, or nearly all, are
agreed ; thus, all admit that in order to the production
of infusoria the conditions required are—(1) decom-
posible organic matter; (2) water; (3) air! And it is
also generally admitted that the mixture must: be
maintained within certain limits of temperature, and
that all organisms are destroyed by boiling the fluid
in which they subsist. Now, if all the organisms
produged in a given infusion are, as the ‘Pan-sper-
mists’ say, the produce of ‘germs,’ it follows that these
germs must exist either in the decomposible matter,
or in the water, or in the air employed in the experi-
ment. M. Pouchet therefore undertakes a serics of
experiments, with the view of systematically elimin-
ating each of them in turn. He premises, however,
that the real point at issue is the existence of germs
in the air, as most even of his adversaries are ready
to admit that the other two elemepts of the combi-
nation are easily within the management of the
experimenter. It is well that this is the case ; for, as
I shall immediately show, M. Pouchet’s position in
respect to some of these points is far from Leing
unassailableb.

The fact upon which M. Pouchet chiefly relies as
demonstrating the possibility of the production of

b Pouchet : Hétérogénie, p. 225.
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infusoria, where no germs can have been contained in
the putrefiable matter which is made the subject of
the experiment, is, that they are found t¢ appear in
infusions of organic matter which have been pre-
viously submitted to an extremely high temperature.
Thus he tvok 10 grammes each of maize, pease,
lentils, and beans ; and having literally, as’ he says,
carbonized them, he put them in sgparate vessels,
containing each 500 grammes of distilled water, and
placed the vessels themselves under a bell-glass. In
twenty days, at a mean temperature of 20° Cent.,
infusoiia were produced in all of them. In similar
infusions, in which the grain used was not carbonized,
animalcules higher in the scale and in greater abun-
dance were produced in three days. In this instance
M. Pouchet’s experiments appear to prove his point ;
and as it is not a point of very cardinal importance,
the proof will probably not be challenged. But in
regard to the next step—that of eliminating the
water as the elercent in organic infusions, which may
carry the germs'of animalcules—he is not equally
successful. The experiment upon *which he princi-
pally relies is one in which, after using water
artificially formed by the combustion of hydrogen in
air, he obtained or.ga,nisms in his infusions. The
method in which this artificial wdter was obtained
was by burning a stream of hydrogen in the open air,
having placed in a convenient position a metal plate,
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upon which the watery vapour might condense as fast
as it was formed, and trickle down into a vessel pre-
pared to réceive it below. This process was continued
for three days, at the end of which time sufficient
water (500 grammes) was obtained for the experi-
ments. Now, to this ingenious and ‘painstaking
process it may, I think, reasonably be objected that
it is not easy fo see how the air of the laboratory
or other apartment in which it was carried on could
be sufficiently excluded to avoid all chance of am-
biguity. No doubt, when the vapour first condensed
on the metal plate, the temperature would be high
enough to destroy such of the germs floating in the
air around as might be deposited in it; but the
trickling of the water down into the vessel must have
caused some slight current of air to set in the same
direction, and it may fairly be doubted whether the
apparatus could be, or was, so arranged that the
temperature at the mouth of the receiving vessel
should still be high enough to «effect the same
purpose. In point of fact, the water thus trickling
down into the vessel below would act in its degree
precisely as an aspirator intended for the express
purpose of collecting germs from the surrounding air,
as M. Pasteur actually did in an experiment which I
shall have to notice by-and-bye. It is a pity that
M. Pouchet has not introduced into the plates at the
end of his work an engraving in illustration of this
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gxperiment. The much simpler process of “using
fresh distilled or even merely boiled water, would
have been less liable to objection.

We come now to what may be called the. central
portion of M. Pouchet’'s work—namely, his elimina-
tion of thé air as the source of the germs from
whence infusoria are produced. It is well, before
entering upon an examination of, M. Pouchet’s
arguments, and the experiments upon which they
are founded, to point out, as clearly and shortly
as possible, what are the points required jto be
proved in order to establish either ¢heterogeny’ or
‘pan-spermism,” and also what are the peculiar
difficulties which seem to render the problem before
us almost, if not altogether, insoluble. The grand
difficulty, which affects both sides of the question
equally, is that confessedly the ‘germs’ which are
the matter in dispute, are incapable of being brought
to the test of our senses. No magnifying powers
which we yet possess can show them, nor can we
ever say, whatever may be the degree of optical
perfection at which our microscopés may hereafter
arrive, that some particles do not exist which they
may fail to show us, and that such particles may
not be the germs of organic beings. Until we can
see certain particles and watch “them developing
into vibrios or bacteriums, as we can watch an egg
developing into a chlcken, we can never settle this
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question of spontaneous generation by a direct appeal
to the evidence of our senses. Besides this ante-
cedent difficulty, which affects all investigation into
the subject, there are, however, others no less
formidable, which apply to each of the two views
under discussion. The impassable barrier in the
way of M. Pasteur and his fellow ‘pan-spermists,’
is the fact that they have to prove a negative.
A man may say, ‘I made such and such a decoction
or infusion of organic matter, and placed it in such
and spch circumstances, and I found no organisms
developed in it; but he is always open to the
objections that he examined it too soon, and the
organisms were fot yet produced, or too late, and
they were dead and decomposed; or that the
precautions taken to avoid the extraneous introduc-
tion of germs were such as to destroy the conditions
required for their developement; or, finally, that
the organisms being few in number, and extremely
minute, might easily exist, and' yet escape the
acuteness of the observer—in short, that the latter
is justified in asserting only that he has failed to
find them, and not that they are positively absent.
The beterogenist, on the othér hand, struggles
against a weight of @ priori reasoning, which
renders the success of anything short of demonstra-
tion impossible. Spontaneous generation is essentially
an ‘old-world’ creed, and ha,vin.g been driven from
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every part of the organic world which can be made
the subject of strict investigation and .experiment,
takes a last refuge among the very lowest of all
organic beings, just for the very reason that their
minute size renders accurate observation of them all
but imposstble. Such being the difficulties which
stand in the way of each of the opposite views of
this perplexed question, it follows that the hetero-
genist has far the easier task before him of the
two. If the truth be on his side, he has only to
show that organisms are produced under congitions
which exclude the possibility of the introduction of
germs from without, and he has proved his point;
@ priori objections will, in these days, avail nothing
against a positive experimental demonstration. This
M. Pouchet believes that he has accomplished, and
in putting forth such pretensions he places his
opponent in a position of some difficulty; for, in
order to establish his views, the latter must not
only be able to show that his own experiments are
fair ones, that is to say, are made under such
conditions as do not militate against the develop-
ment of organic life, but he must be also prepared
to show that M. Pouchet’s are inconclusive. Until
both their conditions are fulfilled, however strong
or general may be the disbelief in heterogeny
among scientific men, its disproof is an achievement
which yet remains to be accomplished.
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The following then, to return from this digression,
are those amongst M. Pouchet’s many experiments
undertaken for the purpose now in question, which
have appeared to me the most worthy of remark.
The well-known experiment of Schultze, in which
he isolated a decoction of organic matter from the
surrounding air between two Liebig’s bulbs, in one
of which was eontained concentrated sulphuric acid,
and in the other solution of potash, and no organisms
appeared in the decoction though the air was
renewed day by day, is one of those upon which,
previously to the investigations of M. Pasteur, the
opponents of heterogeny chiefly relied. To this
M. Pouchet raises three somewhat formidable objec-
tions: (1) He remarks, that when the bulbs were
at length removed and the air freely admitted,
Schultze- found that the organisms were developed
in three days—i.e. somewhat sooner than they
ordinarily appear in similar decoctions left open to
the air from the first. (2) This 'experiment, even
if accurate, would only prove that air transmitted
through sulphuric acid is incapable of developing
or sustaining life. (3) He has himself repeated the
experiment, using sulphuric acid in both the bulbs
and drawing the renmewed air through by means
of an aspirator, and in from twenty to twenty-five
days he found both animal and vegetable organisms
developed in his decoction.
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Similarly, M. Pouchet states that he has repeated
Schwann’s celebrated experiment, in which he sup-
plied fresh air to a decoction through a tube heated
to redness, and found that no organisms were pro-
duced, with results the very opposite to those which
Schwann obtained. Not satisfied, however, with
thus destroying the credit of the evidence previously
brought forward in favour of the ‘pan-spermist’ view,
M. Pouchet has also proceeded to establish his own
hypothesis by independent experiment. As examples
I select the following :

Having first filled a large vessel with boiling
water, M. Pouchet introduced into it oxygen and
nitrogen in the proportions in which they exist in
the atmosphere, in quantity sufficient to displace
about two-thirds of the water, and then placed in
it a small quantity of hay previously heated to the
temperature of boiling wates. After the lapse of
a month the infusion was found to be peopled with
infusoria. This experiment I have noticed for two
reasons—viz. because there are two points in which
it is evidently open to objection. In the first place,
it is a matter of great doubt whether the temperature
of 100° Cent. in air js sufficient to destroy any germ
which might be attached to the hay. It is admitted
by both the disputants in this case that such a
temperature in watey is fatal to all germs, and upon
this point we shall have more to say hereafter ; but
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it is not equally certain that all will admit that air of
this tempefature has the same effect. Then, again,
the experiment was performed over a mercury-bath,
and M. Pasteur believes that the mercury in all
ordinary baths, as they exist in laboratories, contains
germs which have fallen into it from ‘the air. Hence
the use of a mercury-bath always introduces’ an
additional eletent of uncertainty.

In another experiment M. Pouchet makes the
following arrangements, which we can only render
intelligible by employing letters to indicate the
various parts of the apparatus. He takes two
bottles, one with three and the other with “two
necks, A and B, and two open glass vessels, ¢ and D,
and places them alternately, the three-necked bottle,
A, being on the right-hand ; the open vessel ¢, the
two-necked bottle B, and lastly, the other open
vessel D. These vessels are connected as follows:
Through the middle neck of the bottle, A, a siphon
tube passes from half-way down this bottle to nearly
the bottom of the open vessel, c. From the left-
hand neck of A another tube passes, reaching nearly
to the bottom of the bottle B, through the right-hand
neck of the latter. Again, through the left-hand
neck of B a similar tube passes from half-way down B
to nearly the bottom of the open vessel . The
right-hand neck of the three-necked bottle remains
to be accounted for: through this passes'almost to
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the bottom of the bottle another bent tube connected
with a further tube of porcelain maintained at a
red heat. The bottle A is filled with boiling water ;
B, with a decoction of hay, also at or near a boiling
temperature ; ¢ and D contain merely a little mer-
cury, sufficient to cover the mouths of the tubes
which enter them from the bottles. The apparatus
being thus arranged, a stream of air fs pumped into
it through the red-hot tube connected with the bottle
A. The effect of this is as follows: The supply-tube
going to the bottom of A, the air entering “forces
the boiling water through the tube in the middle
neck into the open vessel ¢, until the fluid in A has
fallen to the level at which the tube was placed.
This point being reached, the air continues to enter,
bubbles up through the fluid in A, and passes through
the tube in its left-hand neck to the bcttém of the
two-necked bottle B. From thence, in a similar way,
the decoction of hay in the latter bettle is forced
over into the remaining open vessel, until it also
falls to the level of the branch of the siphon which
connects them—i.e. until B, like A, is half emptied
of fluid. The apparatus was then left alone for
six weeks, and the ,fact of its remaining air-tight
through this time was proved by, the fluid in all
the vessels remaining at the level at which it was
left when the air was originally pumped in. On
examination, M. Pouchet found in the bottle which
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contained the decoction of hay, several tufts of
penicilium 4nd the remains of vibrios. In this case
it would certainly seem as if all ambiguity were
removed. The air with which alone the apparatus
was supplied had to pass not only through a heated
tube, byt also through a body of water almost at
the boiling point, before it reached the decoction in
the bottle, and the mercury used can in this in-
stance have introduced no element of uncertainty,
since the siphons connecting the bottle with the open
vesse¥ must, we suppose, have been empty, and as
no current of air or stream of fluid set from one
into the other, it is impossible that any organism
springing from germs in the latter could penetrate
into the former.

Another experiment which, though not so conclusive
as the last, is certainly not altogether without force,
was this: M. Pouchet took eight Wolfe’s bottles,
each having two necks. A bent tube in the right-
hand neck of the right-hand bottle communicated
freely with the air by one end, the other reaching
nearly to the bottom of the bottle. This first bottle
was then united to the second by another bent tube,
inserted only just below the neck of the first bottle,
and passing almost to the bottom of the second.
The rest of the series were similarly connected, the
bent tube from the left-hand ngck of the last bottle
passing into an open vessel containing a little
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mercury. All the eight bottles being then filled
with decoction of hay, air was drawn ‘hrough the
whole apparatus. It is evident in this case that
the air must have been bubbled through the fluid
in seven other bottles before it reached the last,
yet M. Pouchet found that organisms appeared in
all the bottles at the end of sixteen days, and that
the last was just as fruitful as the¢ first. Hence
he argues, and certainly with some apparent justice,
that were the germs of all these organisms floating
in the air, they would certainly have been depSsited
in some of the earlier bottles, most of them in the
first, and the last ought to have been comparatively,
if not entirely, free from any manifestations of
life.

The last experiment of M. Pouchet which we pro-
pose here to mention, is one in which he took two
similar glass vessels, and filed them with equal
portions of the same infusion, or decoction (for the
experiment was tried with each) of hay ; one of these
he left in the open air, the other wag covered with a
plate of glass, and placed under a bell-glass in a
dish of water. In both glasses, after eight days, the
same organisms were found in equal profusion.
Certainly, as M. Pouchet remarks,,on the supposi-
tion that the germs of these organisms were supplied
by "the air, it seemssstrange that the very limited
quantity of air in contact with the decoction in the

G
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first vessel should have contained sufficient germs
to people i: in the same time as fully as that in
the second, which was freely exposed to the at-
mosphere of the room. :

By a large series of experiments, then, of which
the above are but a small selection, ‘M. Pouchet
considers that he has proved that whereas, when
a putrefiable *body, air, and water are placed in
contact, within a certain range of temperature, cer-
tain low organisms are produced, this production
does *not come from germs conveyed in either of
the three elements of the combination, and that,
consequently, it must be held that the organisms
in question are generated spontaneously, and not
produced, as are all other creatures, ab ovo.

We leave all criticism upon these experiments
until we*have given a slight sketch of those which
have since been performed, both by M. Pasteur, in
opposition to this view, and by M. Pouchet himself
and others in its defence. This sketch we shall be
compelled to make merely in outline, as the space
which it would occupy, if given in detail, would leave
no room within the dimensions of any ordinary article
to estimate the comparative value of the experiments
on both sides, and determine the actual position of
the question at issue.

M. Pasteur tells us that he was led to grapple
with this question as an almost necessary conse-
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quence of his researches upon the kindred subject
of fermentation. His study of that subject had led
him to the conclusion that all ferments, properly
so called, are really organic beings, and that fer-
mentation, instead of being an action set up by
the contact of albuminous matter in a certain state
of ‘decomposition with a fermentible body, is really
an action produced by the life, and growth, and
reproduction of certain low kinds of organism. The
mode of production of these low organisms in the
various forms of fermentation became naturaily the
next subject of investigation. Are they produced
immediately by the decomposition going on, or
mediately by the development of germs, for which
the fermentible matter forms a suitable element, and,
if so, whence do the germs proceed ? This was the
question which presented itself at this stage of the
inquiry, and thus the expetimenter found himself
face to face with the problem of spontaneous gene-
ration. With him, as with M. Pouchet, the main
points requiring to be determined have reference
to the air. Does the air, as a fact, contain the
germs of living beings ? If so, can these be excluded
from the infusions which are subjected to experi-
ment ? And will such exclusion prevent all develop-
ment of life in them, while it can be shown that the
other conditions of the experiment are such as to be
favourable to life, and the addition of germs only
G 2
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is required to enable it to break forth in abundant
quantity ?. *

An objection constantly urged against the views
supported by M. Pasteur is, that no one has ever
seen the germs in the air, which are assumed to
play so ‘important a part in the process:es of putri-
fication and fermentation. This M. Pasteur has
triumphantly met by means of the following very
ingenious experiment : he obtains a tube in the shape
of the letter T having a stopcock in each of its
limbs ; this being suspended in a horizontal position,
the upper end of the cross-piece is attached to a
cistern, and, by means of the cock, it becomes pos-
sible to regulate a stream of water passed through
the cross-piece of the T tube to any quantity that
may be desirable. By this means a current of air
is consta:nﬂy drawn at a regulated pace through the
long limb of the T. The apparatus, in fact, becomes
an asi)irator capable of acting as long as the cistern
contains any water. The long limb of the T is then
connected with & piece of glass tube, passing through
a hole in a shutter, and open to the air outside. In
this glass tube a plug of gun-cotton is placed, and
the apparatus set in action. Thus any given quantity
of the external air can be drawn through the tube
containing the gun-cotton, and literally filtered of
whatever it contains. This prdcess having continued
for a considerable time, M. Pasteur withdrew the
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plug of gun-cotton, and placed it in a precipitate
glass; then dissolving the cotton in 2 mixture of
alecohol and sether, he left the dust which would not
dissolve to collect as a precipitate at the bottom of
the glass, to be afterwards examined micrc;scopica,lly.
By this process he was able to discover tha{ in dust
collected in twenty-four hours there were contained
a considerable number of small, round; or oval bodies,
quite undistinguishable from the spores of minute
plants and the ova of infusoria, though the number
of them differed greatly according to variations in the
temperature, the moisture and the stillness of the
air, and the distance above the soil at which the
air-filter was placed. The experimenter was, more-
over, enabled by this method to preserve the dust
collected for further experiment in a way which led,
as we shall presently see, to important results.

This point, then, being established, M. Pasteur
proceeded next to repeat Schwann’s experiment
with air passed through a heated tube, which he
did in the following manner. Having taken a
flask, and bent the neck almost horizontally, he
placed in it roo parts of water, 10 of sugar, and
from o2 to o7 of albuminoid and mineral matter
obtained from yeast. The neck of the flask was
then drawn out, so as to be capable of being sealed,
and connected with g platinum tube, passing through
a furnace, and maintained during the experiment



86  On the Production of Low Organisms.

at a red heat. The contents of the flask were now
boiled for two or three minutes, and then suffered
to cool completely. The flask was then refilled
with ordinary air, all of which, however, had been
raised to a high temperature. Finally, the neck
of the flask was sealed, and it was put‘aside in a
temperature of 30 cent. (86° Fah.). No organism
whatever appeared in this decoction, or in any of
a similar character. M. Pasteur’s words are as
follow : <J’affirme avec la plus parfaite sincérité
que jumais il ne m’est arrivé davoir une seule
expérience, disposée comme je viens de le dire,
qui m’ait donné un résultat douteux.”’ Other ex-
periments, performed with equal care, had, however,
led to diverse results; but in these either a mer-
cury bath had been used, or the liquid made the
subject of the experiment was milk; and M. Pas-
teur informs us further on in his researches that
he always found the results unsatisfactory under
those circumstances, and is led’' to believe that
mercury baths, remaining exposed as they do to
the air, become “themselves the vehicles of germs,
and that milk, in common with other alkaline
fluids, in some way protects the germs contained
in it, so that a greater heat or a longer exposure
to the boiling temperature is required for their
destruction.

To complete M. Pasteur’s chain of proof, one
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link only is now required. He has shown us that
germs, or bodies not distinguishable from germs,
do exist in the atmosphere, that they can be col-
lected, looked at, preserved. He has shown us
also that if means be taken to supply a decoction
of organic *matter with such air only as has been
submitted to a degree of heat capable of 'destroy-
ing all germs contained therein, nq production of
life takes place in it. In his fourth chapter, he
proceeds to supply this link, by relating how he
has been able to take a decoction upon which the
last experiment had been performed, and which
had remained for a length of time unchanged, to
sow within it some of the dust and germs obtained
by his ingenious air-filter ; and how within a very
few days the hitherto barren fluid has become
fruitful and abounded in simple forms of, life.

By adopting an apparatus which I fear it would
be impossible to make intelligible to my readers
by mere verbal description, but which is a modifi-
cation of that last described, M. Pasteur has been
able, without admitting any air except such as had
been previously heated, to break off the neck of
one of his flasks, and to introduce a small tube of
glass, containing a bit of the cotton from an air-
filter, and once more to seal up the neck as before.
The constant result has been, that in from thirty-
six to forty-eight hours organisms have been
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developed in the flask, in about the same time, that
is, as would have been required to produce them
in the same fluid if left freely open to the air.
The same result followed if asbestos was used
instead of cotton to form the filter, thus removing
any ambiguity that might be supposed to be in-
troduced by the use of an organic body for this
purpose. For fhis series of experiments, as for the
last, M. Pasteur claims invariable success and ab-
solute infallibility.

‘Il ne m'est pas arrivé une seule fois, he says,
‘de voir réussir les expériences @ blanc, comme
je n’ai jamais vu Pensemmencement des poussidres
ne pas fournir des productions organisées. . . . . En
présence de tels résultats, confirmés et agrandis par
ceux des chapitres suivants, je regarde, comme
mathématiguement démontré, que toutes les pro-
ductions organisées qui se forment 3 lair ordinaire
dans de leau sucrée albumineuse, préalablement
portée 3 I'ébullition, ont pour origine les particules
solides qui sont en suspension dans lair. ... ces
corpuscules sont dont les germes fécondes de ces
productions.’

M. Pasteur further proceeds to corroborate his
views by several serics of experiments—all ¢n-
variably successful—l)y mcans of which he estab-
lishes, very much to his satisfaction, the following
propositions : (1) That the conclusion abave drawn
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from the case of yeast can be extended to various
other organic fluids, as urine, milk, &c; but that
when, as in the case of milk, the fluid ‘ex.nployed is
alkaline, either a slightly higher temperature than
that of boiling water, or a longer exposure to that
temperaturt than was required in the other experi-
ments, was necessary, in order to the destruction of
all the germs contained in the fluid. (2) That if
an infusion similar to those above used be simply
placed in a flask with a long drawn-out and bent
neck, and it be then boiled until the steam passes
off freely by the neck, it may be left with the
neck unsealed, and will even then remain quite
unchanged. There will, of course, in this case, be
no current of air setting into the vessel, and what
few germs cnter the neck will be arrested in the
curves of it. If, on the other hand, after it has
thus remained unchanged for, many weeks, the neck
be cut off, the decoction will become peopled in
from twenty-four to forty-eight hours. (3) That
germs do not pervade the atmosphere equally, but,
while plentiful in common localiti:es, are almost or
altogether absent from others. Thus, decoctions
enclosed with due precautions in deep cellars, or
on the tops of mountains, such. as the Jura or
Montanvert, were found frequently to remain quite
unchanged, exactly ,as do those which are sup-
plied with air artificially deprived of its germs.
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(4) Finally, that the mercury bath introduces, as we
remarked 'a,l‘wove, a new element of uncertainty into
all experiments on this subject in which it is em-
ployed. He further finds that he is able to produce
organisms in a mixture quite free from all albu-
minous constituents, and containing dnly water,
sugar-candy, tartrate of ammonia, and a little ashes
of yeast—a faet proving, as he considers, that the
part played by the albuminous matter in an ordi-
nary organic infusion is simply that of an aliment
for the growing and multiplying organisms in it.
M. Pouchet’s reply to this very elaborate and in-
genious monograph of M. Pasteur is certainly not
a success. It appears in the ‘Ann. des Sciences
Naturelles’ for 1862, p. 277. Those of our readers
who care to refer to it will find that it contains
much morg vituperation than argument, and that
what arguments are to be found in it have been,
for the most part, met by M. Pasteur by anticipa-
tion. There is, however, one curious experiment
therein mentioned which requires some discussion
and exp]ana.tion: M. Pouchet finds (p. 297) that
if the same quantity of the same fluid be placed
in two vessels, one deep and narrow, the other
shallow and wide, the more highly-organized and
larger infusoria will appear in the former vessel,
but not in the latter; and he argues, if the germs
dropped into both vessels from the surrounding air,
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you ought to have a much larger number in the
wide vessel than in the narrow one. But the
difficulty here is more apparent than real. In each
case the organisms first to appear are the lowest
of all—viz. the monads, bacteriums, and vibrios;
and it is ofly after the appearance, the life, death,
and, decay of these, and after a thick stratum of
their dead bodies has been formed .t the top of
the narrow vessel, that the more highly-organized
creatures are produced. It is this stratum of
bodies of vibrios, &c. which M. Pouchet callss the
proligerous membrane or stroma, and in which he
affirms that the spontaneous production of the ciliated
infusoria takes place. Now, it is evident that the
life and death of myriads of minute organisms cannot
have gone on without working some change in the
constitution of the fluid in which they, existed ;
and it is surely less improbable that that®change
should be one which should fit it for the main-
tenance of creatures more advanced in the scale
of creation than that it should be such as actually
to give rise to the formation of “these creatures
themselves. It is therefore most reasonable to be-
lieve that in the experiment just referred to the
ova of the highly-organized ammalcules do, of
course, fall in greater numbers into the wide and
shallow vessel than into the deep and narrow one,
but finding a fluid in the former not suited to
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their development, remain inert and unproductive,
and thus escape unnoticed.

Another step has since this time been made by
M. Pasteur in investigating the natural history of
these minute organisms, which, if it should be
corroborated by the evidence of other obbervers, will
certainly go far to explain their appearance, without
compelling us- to have recourse to M. Pouchet’s
theory of a proligerous membrane formed by the
bodies of bacteriums and vibrios, in which the more
complex organisms are synthetically constructed.
M. Pasteur takes a mixture, consisting of tartrate of
lime and small quantities of phosphate of ammonia,
and other alkaline and earthy phosphates, in dis-
tilled water. From this mixture, by a process which
I need not detail, he draws off and excludes all free
oxygen owmair. He sows in it a few infusoria taken
from some spontaneously fermenting tartrate of lime,
and he finds that the creatures multiply in the
mixture till the whole of the tartrate of lime has
disappeared. Thus he is led to the conclusion that
these are capabie of living, and growing, and mul-
tiplying, without any contact with oxygen, at least
in its uncombined state, and further investigations
have convinced him that the natural order of the
phenomena which take place in an organic infusion
exposed to the air is somewhat as follows: The
first organisms to be developed in it are certain low
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infusoria, such as bacteria. These pervade the whole
fluid, consume whatever free oxygen it centains, then
die for lack of this very gas, and give place to
other equally low or lower creatures which live
without oxygen, and, indeed, perish if brought in
contact with it. These occupy the lower strata of the
fluid, while those near the surface are inhabited by
organisms which consume the oxygen df the air above,
and thus protect the others from its destructive
contact. It may be mentioned by the way, that it
is these newly-discovered creatures, thus capable of
existing without oxygen, which M. Pasteur looks
upon as forming the real agents in fermentation,
thus reducing this process to one of the growth and
nutrition of living beings, and entirely exploding
the old views of it as a catalytic or contact action,
whatever that may mean, or a process to-which the
presence of albuminous mattor in a certain state of
decomposition is absolutely necessary.

Since this very important announcement of M.
Pasteur, the contributions made by the various
disputants in France to the literature of the subject
before us have not been calculated either to throw
much new light on the matters in dispute, or to
enhance very greatly the dignity of the learned men
engaged upon it. In a former part of this article
I mentioned the fact $hat M. Pasteur, had established
to his own satisfaction that a vessel containing a
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highly alterable decoction of organic matters, sealed
up in vacyo, may be opened, filled with air and
resealed, in certain localities, such as the tops of
high mountains, and yet the contents remain in many
cases unaltered. Thus he found that among twenty
vessels so treated on the Jura, orga,nis;ns were de-
veloped in five only, and from this he concluded
that the propérty of the air which gives rise to such
phenomena is not always to be found in it; in
other words, that they arc produced not by air
merély as such, but by something in the air which
is not equally distributed through it, as might, for
instance, be supposed to be the case with germse.
These experiments three of his opponents in con-
junction—viz. MM. Pouchet, Joly, and Musset—
repeated in the course of last summer, employing
eigltt vessels only, and opening them at considerably
greater elevation on tke Pyrences than that at which
M. Pasteur’s experiments were performed. These
observers, as might be expected, obtained results
completely contrary to those of M. Pasteurd, finding
organisms developed in every one of their vessels,
although they professed to have observed all the
precautions recommended by their opponent®. They
communicated their success to the Academy, and
from that time the dispute has almost taken the

¢ Op. cit., p. 7. d Comptes Rlendus, Sept. 21, 1863.
© Comptes Rendus, Nov. 2, 1863.
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form of a personal squabble. M. Pasteur replied
by some very minute criticisms upon his, adversaries’
method of conducting their experiments (which,
however, received the countenance of several eminent
physiologists, among them M. Milne-Edwards), and
by a reiteration of his previous assertions. The chief
points of M. Pasteur’s criticism were, that the. ex-
perimenters had not made a sufficient number of
trials, and that in opening the necks of their vessels
on the mountain top they had employed a -file
instead of a pair of pincers with long handles. “The
latter objection is so very minute, that, but for
M. Milne-Edwards’ notice of it, it might almost
have been disregarded; but even allowing it some
weight in, itself, we think it must lose it when
taken in connexion with the numerical differences
between the results. Thus it is conceivable that
the use of the file might have spoilt one or two
experiments, but more effect than this we cannot
reasonably attribute to it. The other objection may
at first sight seem to have more forge, but in reality
it has but little, for a simple calculation of chances
is sufficient to show that if, in M. Pasteur’s experi-
ments, five vessels only out of twenty were found
to contain germs,’it is in the last dggree improbable
that eight in succession should follow the exceptional
instances, and not thg rule.

M. Pouchet has, however, not contented himself
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with attacks made desultorily from time to time,
in reply tog M. Pasteur’s communications to the
Academy, but has in the present year published
an elaborate essay containing his more recent ex-
periments on the whole subject of spontaneous
generation. This essay has derived some additional
interest from the fact that it was originally sent
in competition for the prize offered to the Academy
for researches on this subject, but was withdrawn
before the day of decision (as was also that of
MM=Joly and Musset), because, as the author states,
the commissioners appointed to adju(ige the prize
were all previously committed to the doctrine of
his opponent. I cannot pretend, in an essay which
treats of the whole question generally, to review
thoroughly either of the two systematic treatises
of M. Pouchetf, but I must in fairness say of them,
that they deserve more attention by far than they
seem at present to have received at the hands of
English physiologists, and that no one can fairly
judge of the state of the question at issue unless
he has given them a thorough consideration. Speak-
ing for the moment only of the two principal con-
troversialists, I think that the experiments of
M. Pasteur have hitherto been considered as more
exact and convincing than those of his rival; indeed,
the weak point, of the ‘Hétérogénie’ throughout has
f Pouchet : Nouvelles Expériences, p. 14.
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Jain in an insufficient exclusion of disturbing causes.
This defect in the defences of his opponent has
not escaped the vigilance of M. Pasteur] and accord-
ingly no weakness of the kind can be charged
upon his own experiments. They, on the contrary,
are as rigid and”as exact as if the problem with
which he had to deal was of the simplest kind.
Nevertheless, I am by no means ¢onvinced that
M. Pouchet’s objections to them are not somewhat
formidable. He says in effect, life and organization
are tvo delicate, too subtle, to be handled so roughly
as you propose; and if, after torturing your sub-
stances as you do, and submitting them to all
imaginable unnatural conditions, you find no signs
of life in your vessels, it is at least as probably
because you have destroyed its necessary conditions
as because you have excluded those guast-meta-
physical ¢germs’ which you .maintain are diffused
throughout the atmosphere.

Arguments of this kind M. Pouchet uses constantly.
In themselves, indeed, they do not go far, inasmuch
as his conditions of life are as much his own speciality
as are his opponent’s germs, and he never fails,
moreover, to enforce them in an effective if some-
what Hibernian manner by relating experiments of
his own, in which, under conditions almost exactly
similar to those employed by M. Pasteur, he has
obtained precisely opposite results. And it is to

H
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the experiments, after all, and not to the argumenta-
tion, that we must look for the final decision of the
question, if,\lndeed, it be capable of decision at all.
In experimental evidence, accordingly, this last work
of M. Pouchet is remarkably rich. One or two of
the experiments I cite, but they will sérve for ex-
amples only, and I must refer my readers to .the
Appendix to M. Pouchet’s work for the rest.

In the first place, there is a modification of
Schultze’s well-known experiment, to which we have
alreddy referred. This is performed by M. Pouchet
in the following very simple and apparently satis-
factory manner :—He places his infusion in a flask,
boils it for a considerable time, then immediately
adjusts to its neck a funnel with a syphon tube
attached, in the curve of which are several bulbs
containing concentrated sulphuric acid.. The in-
fusion is then boiled again for five minutes, so
that the steam bubbles through the sulphuric acid ;
and the whole, after being cooled slowly, is set
aside. By this process it will be seen that the
air within the flask is only renewed to the extent
necessitated by any changes of temperature to which
it may be éxposed, and that whatever renewal
actually takes place does so only by the passage of
the air through the acid ; yet, nevertheless, M. Pou-
chet assures us that, though he has tried it with
a variety of substances and very frequently, he
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has constantly found organisms developed in the
infusions. This experiment is the more worthy of
notice inasmuch as Schultze’s invesﬁfgations have
attracted great attention, and were believed by many
to have settled the question against heterogeny
altogether.” Schwann’s early experiments with heated
air have also been repeated by M. Pouchet with
quite opposite results to those which have followed
them in the hands of M. Pasteur and others; but
in this case he has introduced a modification which,
in our opinion, completcly vitiates the experiment.
Instead of simply boiling his substance in the water
contained in his apparatus, M. Pouchet has sub-
mitted it first to a dry heat of 200° (cent.), and
then contrived, by placing it in the neck of the
flask, lying horizontally, to expose it to the steam
of the water while boiling, and immerse it therein
only after the boiling has ceased. The object of
this arrangement appears to be to prevent the
decoction being submitted to the action of the
distilled water dropping from the sjdes of the vessel
during boiling—an action which M. Pouchet believes
to hinder, in some not very intelligible manner,
the development of organisms in it. The arrange-
ment, however, as I have said, vitiates the expenment
inasmuch as the degree of dry heat which organisms
in some forms can,endure without destruction is
a matter.still in doubt; nay, it is one intimately
H 2
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connected with the question of spontaneous genera-
'tion, and almost as hotly disputed; one, therefore,
which the e:éperimenter should be especially careful
not to import into his investigations. M. Pouchet,
no doubts, has settled this question by his own
experiments to his own satisfaction; but so long
as it is not looked upon as settled by the scientific
world in general, to assume it for the purpose of
deciding another disputed point is merely to expose
oneself to an unnecessary defeat. )

I *have room for but one more of M. Pouchet’s
new experiments; and I select one which from its
simplicity is easily repeated, and yet which, if exact,
is of no small importance. M. Pouchet takes a
quantity of flax, soaks it in water for six hours,
then filters it, and divides the clear fluid coming
from the filter into two parts. Of these one is
placed in a flask and hermetically sealed ; the other
is put into a narrowish upright vessel, and enclosed
under a bell-glass of the same capacity as the flask
used for the other portion. The bell-glass dips into
some mercury previously heated to 160° (cent.).
Thus the two portions of the fluid are placed without
any precautions in equal qﬁantities of air, and all
change of atmosphere in both cases equally pre-
cluded. After eight days the two fluids were
examined, and the organisms found to be quite

& Nouvelles Expériences, p. 30 et seq.
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unlike in the two. In the flask were only the
lowest kinds of infusorla—monads, bacteriums, and'
vibrios. In the portion under the béll-glass were
some ‘spontaneous eggs’ and myriads of ciliated
animalcules, such as colpodas, &c. If this experi-
ment is accurate, it is certainly difficult to see how
the germs of the one kind of creatures should have
entered or become developed in the*one vessel and
entirely different kinds in the other.

The phrase, somewhat new to the English reader,
‘spontaneous eggs’ (eufs spontanées), which I*have
just quoted from M. Pouchet, may serve to suggest
that I have left quite unnoticed hitherto what may
be called the positive side of the heterogenist’s
argument. I have noticed the objections to the
reasoning of their adversaries, and have quoted some
of the experiments which have led them to such
opposite results. It remains to say a very few
words upon the observations and experiments by
which they propose to establish, not the probability,
but the actual existence of spontaneous generation,
as a phenémenon which is capable of being observed.
M. Pouchet gives a distinct account of the various
steps in the process of the spontaneous production
of animalcules of the genus Paramecium, as observed
by himself in an infusion of darnel (Lolvum temu-
lentum)h, The grags was steeped in water for one

h Nouvelles Expériences, p. 111 et seq.
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hour, and the water then filtered off and put aside.
On the next day a number of monads appeared on
the surface o} the filtered fluid. These were nearly
all dead on the following day, and their bodies
formed a thin granular scum on the surface. On
the third day there began to appear some of the
spontaneous eggs above mentioned in various stages
of development: They appeared at first as little
greenish-yellow masses, formed of some of the
granules of the scum. The central granules were
larger and closer together than the rest, and the
outside ones more delicate and less closely packed,
forming, as the mass gradually took a spheroidal
form, a kind of Zona pellucida. This was more
distinct in other specimens, and then the vitellus
was seen in gyration. On the fourth day almost
all the eggs were perfectly formed, and on the fifth
perfect parameciums appeared. The changes seen
were in fact exactly the same as those observed by
M. Pouchet himself as taking place in the de-
velopment of mollusca, and by other naturalists in
various low organisms: In the lowest infusoria,
such as the Bacteriums, all these changes cannot
be followed; but they are seen, upon close obser-
vation of an infusion, to appear en masse in a way
quite inconsistent with the motion of their being
produced from eggs dropping agcidentally from the
surrounding air. The surface of a fiuid in. fermen-
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tation is seen covered with an almost imperceptible
mucous film. In this film there appea.; all at once-
a number of pale motionless lines, n»mx:ly parallel
to one another, and of the form and size of bac-
teriums, and these after some hours become living
and active infusoriai. These results, though brought
out by the original researches of M. Pouchet, do
not rest upon his authority alone. MM. Joly and
Musset, of Toulouse k, and Professor Schaafhausenl,
of Bonn, have arrived at very similar conclusions
quite lately ; and Professor Mantegazza, of Pavia,™
as long ago as 1852, gave a most interesting and
striking account of an observation made by him
upon the development of bacteriums, in almost the
same terms as those which we have just borrowed
from M. Pouchet. Mantegazza spent sixteen con-
secutive hours in observing these phenomena with
the microscope.

In concluding this portion of the subject, I will
mention but two more experiments. They appear
to be well established ; and if they should turn out
correct, it is at least not easy to see how they can
be reconciled with the Pan-spermist theory. The

i Nouvelles Expériences, p. 116.

k Joly and Musset : Comptes Rendus, 1860, vol. 1.

1 Schaafhausen : Comptes Rendus, 1862, vol. liv.
»

m Cosmos, 1863, p. 630.
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first is an expenment of M. Pouchet’s own.2 He
takes a ﬂask plunges it irfto a vat of wort, which
has been boxlmg for five hours; and after having
kept it there for ten minutes, seals it while under
the surface, and brings it out again. It is admitted
on all hands that all organisms are killed'by a moist
heat of 100° (cent.); yet in this case, after eight
days, a considerable quantity of yeast plant was
developed in the flask. The other is one which he
quotes from Treviranus and others, and has often
verifted himself. Three beakers are taken: in one
is placed cyder, in a second urine, in the third a
mixture of these two fluids. The vegetation in the
first differed from that in the second, and that in
the third was quite distinct from both.

I have now finished, not indeed a summary, but
a very rough and imperfect sketch of the evidence
which has been adduced on both sides of this vast,
obscure, and almost hopeless but still interesting
and highly important question. It remains in the
last place to endeavour to estimate the value of
the evidence, and to show, if possible, what is the
actual position in which the controversy stands.
Where some of the greatest names known to science
are to be found ranged on opposite sides it is not
for us to attempt a decision; nevertheless, as has
been well said by a distinguished writer on a very

n Nouvelles Expériences, pp. 1265 127.
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different subject, ‘the attempt to decige questions
in philosophy (or science) by polling authorities on .
either side would be interminable aiad hopeless,
accordingly I do not attempt either to poll autho-
rities or to decide the point in dispute between them,
but content myself with an attempt to lay before
my readers as clearly, as impartially, and, above
all, as shortly as possible, the present position of
the question. To do justice to the subject would
require a volume rather than an essay.

On the one hand, we have the conclusions drawn
by M. Pasteur from his own experiments, forming
a complete chain of facts with no link missing, and,
if they fairly represent the actual state of our know-
ledge, justifying M. Flourens, Mr. Huxley, and
others in their assertions that the whole is defini-
tively decided by them, M. Pasteur finds : (1) That
he can actually show certain bodies collected from
the air which have all the appearance of being the
eggs of minute creatures. (2) That when proper
means are taken to admit into g putrescible de-
coction such air only as has been passed through
a heated tube, such dccoctions may be kept free
from all signs of organic life for an indefinite time,
and that they may even be left freely exposed to
the ordinary air, provided that it can reach them
only through a long, narrow, and crooked tube, in
the bends of which all the ova contained in it are



106  On the Production of Low Organisms.

deposited. (3) That when the supposed ova col-
lected from the air are sown in decoctions previously
kept as abowe described without change, organisms
are produced within a given number of hours.
(4) That under certain circumstances, as, e.g., at
the tops of mountains and in deep 'cellars, air
may be obtained in considerable quantities which. is
as incapable ofeproducing change in the most highly
alterable fluids as is that which has been passed
through a heated tube. Besides these main pro-
positions there are a number of other conclusions
to which M. Pasteur has been led by his researches,
which are of the highest interest, and which are
related inseparably, though only indirectly, to the
subject immediately before us—viz. (5) That all
putrefaction, as also all fermentation, properly so-
call:ad, has as its efficient cause the life, growth,
and reproduction of some kind of infusorial organism,
without which no such action can proceed; and,
(6) That so far is oxygen from being the cause or
even a necessary condition of such actions, that many
of the infusoria on whose existence they really
depend pass their lives without oxygen, and are
even killed by its presence. The order of phenomena
in the decomposition of many fluids, according to
M. Pasteur, is therefore as follows :—The infusion
being exposed to the air, and having air dissolved
in it, derives first some ova from ‘the surrounding
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air; then certain kinds of infusoria are developed
in it. These consume ‘the oxygen contained in
the fluid, and all die except those at the surface,
and are succeeded by another kind which live
without oxygen, being protected from its approach
by the active oxygen-breathing infusoria at the
topsand the film formed by the bodies of their
predecessors. Such are M. Pasteur’s chief gene-
ralizations from his experiments, and we are bound
to admit that, if the experiments are accurate,
they are not wider than the grounds upon which
he goes will bear. But it is difficult to exaggerate
their importance. Not only do they claim to settle
for ever the vexed question of heterogeny, but
also to revolutionize completely the whole theory
of fermentation, and, in some measure, also all our
ideas of the phenomena of life. That they should
be subjected therefore to the most rigid scrutiny
is no more than is to be expected, and no more
than is right.

Accordingly, on the other hand, we find that
M. Pouchet disputes almost every single proposition
of M. Pasteur, and sets to work to establish positively
the very contrary doctrine. Even if M. Pouchet stood
alone, his views would deserve mgre consideration
than they have met with at the hands of some
distinguished men, bpth in his own country and
also here..» A physiologist whose work is spoken



108  On the Production of Low Organisms.

of by Professor Owen in the highest possible terms
is at least not a person to be ignored. But, as
a matter of fact, M. Pouchet does not stand alone.
When such men as MM. Joly and Musset at Tou-
louse, Professors Mantegazza at Pavia, Wyman at
Cambridge, U.S., and Schaafhausen at Bonn, all
working independently of one another, all in a
greater or less degree lend their support to his
views, and all controvert those of M. Pasteur, it
is surely idle to speak of the question in dispute
as linally settled by the experiments of the latter.
On the first point—namely, that of the discovery
of ova in the air—while other observers find them
but very few and far between, M. Pasteur himself,
as far as appears from his plate and his description,
does not discover a sufficiently large number to
play the very important part which "he assigns to
them, except on the. supposition that the repro-
duction of these creatures is much more rapid than
we have any reason to believe it to be. Then as
to the cardinal, proposition, that no infusoria are
produced in putrescible infusions supplied only
‘with air previously heated to 100°, it must be
remembered that M. Pasteur is the only observer
who, having tried this fairly and extensively, is
able to state that he has been always successful,
and that, on the other hand, no less than five
thoroughly competent observers have arrived at:
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contrary conclusions; and it is a question which
is open to every one to answer as he pleases,
whether it is more probable that M. Pasteur should
be mistaken, or that the whole of those other five
physiologists should be incapable of carrying on an
investigation requiring care and accuracy. There
arestwo considerations connected with this part of
the subject which ought not to be disregarded.
In the first place, it will be admitted by all that,
whatever be the efficient cause of the life of these
low organisms now under investigation, it is pro-
duced in close glass vessels under considerable
disadvantages, more especially when the fluid in
which it is to live has been boiled. Hence we
should naturally expect that it would be scanty in
quantity, as well as low in the scale of existence,
and therefore” very easily overlooked in a micro-
scopic examination. Again, it,should be remembered
that the organisms produced under such adverse
circumstances are also very short-lived, and are not
succeeded by others, as is the case under natural con-
ditions; and I speak from my own experience
when I say that if an observer in such cases
judges by the fluid in his vessels becoming turbid,
he will often reckon a specimen as altogether sterile
in which a careful microscopic examination would
detect a few organigms. They ‘W.ould, moreover,
‘more -easily escape notice if theydecoction in which
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they exist be left, as was the case with some of
M. Pasteur’s, until they had long since died and
fallen to the bottom of the vessel as a granular
precipitate.

It is the point which we have placed third in our
summary which has perhaps gained more proselytes
for M. Pasteur than any or all the others—the state-
ment, namelys that he has been able to sow particles
of dust collected from the air in decoctions preserved
for a long time unchanged, and in a few days organ-
ismts have been developed in them. This statement
M. Pouchet meets very summarily, but not very con-
vincingly, by affirming that M. Pasteur really sowed
nothing, and that what he saw spring up was simply
that which is ordinarily produced by spontaneous
generation in such fluids as he used for his experi-
ments. This assertion is, I think, hardly a fair one ;
for the productions which M. Pasteur enumerates, and
some of which he figures as produced by this means,
are somewhat too various to be accounted for in this
way. There is, however, another objection to which
these experiments are open—viz, this M. Pasteur,
in the somewhat elaborate apparatus which he uses
for these experiments, employs a T-shaped tube with
three stop-cocks, and jn order to introduce his bits
of cotton with the ova attached into the previously
sealed vessels, he is obliged to exhaust this T-shaped
tube several tiﬁles;in succession by means of an air-
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pump. M. Pouchet is quite justified in his remark,
that had the heterogenists ventured on so, inexact a
proceeding they would inevitably have been charged
with inaccuracy in the experiment. It certainly
seems to us that such a proceeding as that of opening
the glass globes in which the decoctions had been
preserved unchanged, and thus renewing the air
contained within them, even although the newly-
admitted air has also been heated before admission,
at least introduces an element of uncertainty into
the experiment, and may easily be supposed to dlter
its condition in other ways than the one intended by
the experimeriter. With regard to the unfruitfulness
of the air as found upon high mountains and in
caverns, it is sufficient to remark that, as has been
already shown, the accuracy of M. Pasteur’s facts is
disputed by his three principal opponents.

It is thus seen that the experimental evidence
on the whole subject of the production of infusoria
is unsatisfactory and conflicting. It is also incom-
plete, and is especially incomplete on the side of the
¢ Pan-spermists,” for M. Pasteur has entirely failed to
show anything like a sufficient number of ova in the
air to produce the results which he attributes to
them, and has not sufficiently accounted for the suc--
cession of different kinds of organisms which take
place in the same fluid. It is difficult to see why,
the ova of both bemg supplied hy fhe surrounding
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atmosphere, a quantity of bacteriums should be de-
veloped apd die first, and a generation of para-
meciums follpw them ; whereas there is some show
at least of analogy to the other phenomena of nature
in the gradual advance in the type of living beings
produced, on the hypothesis of their being spon-
taneously generated. The cxperiments of the chief
supporters of both views are, we believe, shortly to
be repeated before a commission of the Academy of
Sciences, and it is to be presumed that so much of
the ‘question as can be decided by experiment will by
this means be cleared up. It is unfortunate, however,
that several of the members of this comrhission should
be persons who are already committed to one of the
doctrines which are to be brought before them for
judgment. I do not for a moment doubt the per-
fect fairness and impartiality of these distinguished
individuals, but at the same time their selection as
judges on this occasion is unfortunate, inasmuch as it
is always an invidious thing for any man to have to
sit in judgment on the conduct of another who has
expressly come forward as the opponent of a doctrlne
of which the judge is an avowed supporter.

I repeat that the experimental evidence is at pre-
sent unsatisfactory, and if the balance inclines to
either side it is rather,in favour of the heterogenists,
inasmuch as their direct observatlons of the produc-
tion and developmqut of * spontaneous eggs’ have not
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been disproved, or successfully controverted. If any
one therefore desires to form a judgment.upon the
question in its present stage, he will be Ariven to do
so upon @ priori grounds, or on merely analogical
reasoning. And even here there is more to be said
in favour ol heterogeny than many are aware of.
Even Professor Huxley, who considers M. Pasteur’s
experiments to have settled the quehktions against
it, as a fact, does not look upon it as impossible
@ priori°. Tt has been said—and it is a view
of the subject which is sure to be attractive to
many minds—that the belief in spontaneous gene-
ration varics ‘directly with our ignorance of the
real physiology of reproduction and development.
Thus the ancients believed in the spontaneous
generation of rats and mice. This belief was speedily
dissipated by the advance of knowledge; but still,
till the time of Redi, the maggots in putrid meat
were universally supposed to be immediate products
of decomposition, and so from that time downwards
the belief has attadhed always to apny class of or-
ganism of the real history of which we are ignorant,
until at last it has become confined exclusively to
the lowest, most obscure, and least known of all
classes of living beings, and is probably as false in
this last case as in those which have gone before.
Now the value of such reasoning as this is really

o See hiseLectures to Working Men ( 1}62), p- 71 et seq.
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very small. Tt would apply with just as much force
to a number of facts which are now universally
admitted. 'Fake, for instance, the phenomena of
reproduction by fission or by budding. If we could
suppose some naturalist now for the first time to
announce this as taking place in some one particular
class of organism, he would most likely be at ence
told that, as 4ll analogy was in favour of sexual
reproduction, his observations must be erroneous,
and his conclusion a mistake. But as we now know
that nature has a line—not well defined and sharp
and abrupt perhaps, but, like all the lines of de-
marcation in nature, indistinct and sometimes hardly
traceable, below which reproduction does take place
in this to us abnormal manner—why should there
not be another line fixed far lower in the scale of
creation, below which creatures are formed piece by
piece, as M. Pouchet says, out of particles of dead
matter, in the way which he and Schaafhausen
and Mantegazza tell us that they have themselves
witnessed ?



ESSAY 1IV.

O~ THE PropucTiON OF ORGANISMS IN CLOSED
VESSELS.

THE experiments which form the first series
described in this paper are twenty in number,
and were performed during the summer of 1863.
The substances used were in ten experiments milk,
and in ten, fragments of meat and water. These
were in all cases placed in a bulb of glass about
2} inches in diameter, and having two narrow and
long necks. The experiments are divided into five
series of four experiments each. In one series the
bulbs were filled with air previously passed through
a porcelain tube containing fragments of pumice-
stone and heated to vivid redness in a furnace.
In the others they were filled respectively with
carbonic acid, hydrogen, oxygen, and nitrogen gases.
In each series twq experiments were made with
milk, and two with meat; and each substance was
boiled in one case, and not in the other. The
joints of the apparatus were formed either by means
of non-vulcanized caoutchouc tubing, or india-rubber
corks previously ‘boiled in a solukior® of potash; and

12
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in every case, at the end of the experiment, the
necks of the bulb were sealed by the lamp. The
time of boiling such of the substances as were boiled
varied from five to twenty minutes, and the boiling
took place in the bulbs, and with the stream of gas
or air still passing through” The substances were
always allowed to cool in the same stream of gas
before the bulbs were sealed. The microscopic
examination of the contents of the bulbs took
place at various times, from three to four months
after their enclosure.

In every case but one in which the substance
had not been boiled low organisms were found,
apparently irrespective of the kind of gas in which
they had to exist. The case in which they were
not seen was that of the meat enclosed in a bulb
filled with nitrogen. This bulb burst apparently
spontaneously, and its doing so may be looked upon
as a proof that in it also some change had taken
place most likely connected with the development
of organic life. 'Where the substances had been
boiled, the results were as follows :—

1. In the carbonic acid experiments, no sign of
life.

2. In the hydrogen experiments, no sign of life.

3. In the heated air experiments, organisms found
in both cases.

4. In the oxygen experiments, organisms found
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in the experiments with milk. The bulb containing
the oxygen and meat bhrst spontaneously, therefore
probably contained organisms.

5. In the nitrogen experiments, organisms were
found where meat was used. None where milk was
used.

No definite conclusion can be drawn from so
limited a range of experiments; but it is worthy
of remark that organisms were found here under
the precise circumstances in which M. Pasteur states
that they cannot and do not exist. The .very
“abnormal conditions under which some of these so-
called organisms are found, would render it doubtful
whether Bacteriums, Vibrios, &c. ought to be con-
sidered as independent organismé in any higher
sense than are white blood-corpuscles, pollen-grains,
mucus-corpuscles, or spermatozoa.

The further researches, an account of which is
contained in the remaining past of this paper,
are in continuation of those which, through the kind-
ness of Professor Phillips, I had the honour of com-
municating to the Royal Society in May last, and
of which an abstract appeared in,the ‘ Proceedings’
for June 16, 1864. The former series of experiments
did not pretend to,be, in any respect, complete.
Those which I am now about: to describe will, I
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hope, be considered to be more so in regard to one
main subjéct to the inquiry'; but they also suggest
further reseaiches upon some collateral branches of
it, which I hope to find time "and opportumty to
prosecute.

In the former series I experimented with animal
substances mixed with water and enclosed in glass
bulbs in atmospheres either of common air passed
through red-hot tubes or of various gases, and the
result at which I arrived was that where oxygen
was present organisms of a low type were pro-
duced, but not so where that gas was not present.
Thus, whatever the gas employed, where the sub-
stance was not boiled, the organisms appeared ; but
in the instances in which the substance was boiled,
they appeared where oxygen or common air was
used, but not where nitrogen, hydrogen, or carbonic
acid was employed. One experiment only appeared
to have produced a result which could not be
reconciled with the rest, viz. in which some meat
and water had Jbeen boiled and sealed up in an
atmosphere of nitrogen. In this, some organisms,
were found ; but so completely was this result unlike
that found in the whole of the rest of the series,
that I felt convinced that some error must have
been made in the experiment itself.

The experiments now to ke described have a
narrower range thhn the others.” With the ex-
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ception of a few, which were mere repetitions of
the experiments with mitrogen just referred to,
and which were undertaken solely with the view
of seeing whether the experimeunt just mentioned
were correct or not, they are confined to the single
object of dbserving whether or not organisms are
found in close vessels containing vegetable matter
and water sealed up in an atmosphere of common
air previously passed through an “efficient heating
apparatus.

In these experiments I have adopted some slght
“modifications of the apparatus used in the former
ones. That now employed consists of a porcelain
tube, the central part of which is filled with roughly
pounded porcelain; one end is connected with a
gas-holder, and to the other the bulb is joined
which contains the substance to be experimented
upon. The bulb has two narrow necks or tubes,
each of which is drawn out before the experiment
begins, so as to be easily sealed by the lamp; one
neck is connected with the porcelain tube, as already
stated, by means of an india-rubber cork, and the
other is bent down and inserted into a vessel con-
taining sulphuric acid. The central part of the porce-
lain tube is heated by means of a furnace, and when
it has attained a vivid red heat the bulb is joined
on, the end of the porcelain tube which projects
from the. furnacc b.eing made #héroughly hot im-
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mediately before the cork is inserted, the cork itself
being taken out of boiling« water, and the neck of
the bulb being also heated with a spirit-lamp
immediately before it is inserted into the cork.
A stream of air is now passed through the apparatus
by means of the gas-holder, and bubbles through
the sulphuric acid at the other end. The substance
in the bulb is then boiled for ten or fifteen minutes,
the lamp withdrawn, and the bulb allowed to cool
while the stream of air is still passing through
the+ porcelain tube, maintained during the whole
time at a vivid red heat. When the bulb is quite’
cool, the necks are sealed by means of a lamp. The
advantage gained by means of this apparatus is that
there is only one joint the perfection of which in any
degree affects the success of the experiment, and
of that joint it is easy to make sure. The porcelain
tube also being, for a considerable part of its length,
filled with small fragments of porcelain, all heated
up to redness, easily ensures that every particle of
air admitted to the bulb shall be thoroughly heated.
A precisely similar arrangement was used for the ni-
trogen experiments, substituting a glass combustion-
tube filled with - coppe'r-turnings for the porcelain
tube, and a piece of india-rubber tubing for the
india-rubber cork’ The copper oxide was reduced
by means of a stream of hydrogen when necessary
between one experigient and the next.
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A single experiment was tried on May 18, 1864,
using apparatus similay to that employed in the
experiments of the previous year.

Some pea-meal infused in water was boiled in
a stream of heated air, allowed to cool, and then
sealed and put by. I was then preveﬁted from
resuming my experiments for several weeks.

Then several experiments were anade with ni-
trogen, for the purpose of confirming or correcting
the nitrogen experiment of the previous year. Into
the particulars of these I need not now enter, further
" than to say that seven experiments were tried with
various infusions. Five of them were afterwards
examined, and in no case were any organisms found,
thus confirming me in the opinion already expressed
upon that experiment. The series with which I am
now concerned began on July 18.

Exp. VIL July 18—Hay infused in water three
hours, then filtered and boiled 12 minutes in a
stream of heated air, and sealed up as above
described.

Exp. VIIL July 18—A similar experiment : boiled
10} minutes.

Exp. IX. July 22—Toppings, i.e. coarse flour
infused in cold water 3 hours, filtered and
boiled 1o minutes in a similar stream of air.

Exp. X. July 22—A similar experiment : boiled
also 10 minutes.
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Exp. XI. July 25—A similar experiment : boiled
12 minutes.

Exp. XIIL July 25.—A similar experiment : boiled
10 minutes.

Exp. XIII. July 28.—Some sage-leaves bruised
and infused in lukewarm water ‘previously
boiled. Allowed to stand 15 hours, filtered,
and the. clear fluid boiled 10 minutes in a
stream of heated air, as in the other cases,
and sealed up.

Exp. XIV. July 28.—A similar experiment: boiled
7 minutes.

Exp. XV. July 29.—A similar infusion of celery,
allowed to stand 12} hours, and treated as
the last : boiled 12 minutes. '

The bulb used in this last experiment was of
a different form, which I have found much more
convenicnt, and have a]ways employed in my sub-
sequent experiments, which are presently to be
described (as represented in the figure).

The examination of the.above series of experiments
took place partly on Sept. 19, when Dr. Beale kindly
visited me at Oxford, in order to give me his valuable
assistance, and partly at Dr. Beale’s hotise in London,
on Nov. 16, 1864. "
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Exp. of May 18.—Viz. pea-meal and water. In
this were found amall organisms moving, as
given by Dr. Beale in the accom-
pahying drawing marked Z. Their
size was extremely minute, as they are .
here drawn as they appeared under a
power of 1700. .

Eayp. VII. —Hay + water + heated’
air. Some large dumbbell- 0

shaped crystals and a few ¢{ .
bacteriums, very minute, but . {y

not so small as in the former

z.

case. These also are drawn

by Dr. Beale.

Exp. VIII.—The pair experiment to VII. VI
Similar crystals, and organisms also .t
similar, but larger. Drawn to v Ross,

i e. 750 diameters nearly.

Exp. IX-—Coarse flour + water + heated air. The
result of this experiment was ynsatisfactory, and
serves well to show the difficulty of the decision
upon these questions.

Even with the high powers above named, we were
unable to be certain of our result in this and several
following cases. There were no 5rganisms distinctly
recognizable as such, but many minute round spore-
like bodies moving about the field.
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Exp. X.—The fellow experiment to the last, and
similarly unsatisfactory.

Exp. XIIL.—Sage + water + heated air. A few
crystals were seen, but.no organisms.

Exp. XV.— Celery + water + heated air. Some
prismatic crystals; no organisms.

It was resolved to leave the rest of these experi-
ments till a lenger time should have elapsed since
the vessels were closed. The examination was ac-
cordingly resumed Nov. 16.

Exp. XII.—Coarse flour + water + heated air, con-
tained some indeterminate granular matter
and some few bodies which might be dead
bacteriums, but nothing that could safely be
considered as such.

Exp. XI.—The fellow experiment to XII., and
equally without result.

Exp. XIV.—Sage + water + heated air, gave also
no definite result.

Now, omitting altogether the mnitrogen experi-
ments, seven in pumber, we have here a series of
ten experiments instituted with a view of showing
whether organisms can, be produced in vegetable
infusions within closed vessels supplied with heated
air. In my desire to try a variety of substances
I took almost anything which my garden afforded,
and in this way probably my selection of sage and
celery may have 'been a bad one, as the .aromatic
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ingredients of these plants may be supposed to
influence the result of ,the experiment, ,especially
as in a close vessel any volatile oil would be retained.
If, therefore, the thrge experiments with these sub-
stances be eliminated, there remain seven experi-
ments, one "with pea-meal, two with hay, and four
with coarse flour. Of these, five were examined on
Sept. 19, and in three (viz. the pea-meal and the
two hay ecxperiments) the vessels were found to
contain moving organisms. In two (those where
coarse flour was used) none were found, and in the
remaining two, examined on Nov. 16, also none
were found.

In the meantime, when, from several of the above
experiments having produced negative results, I
looked upon the series as inconclusive, I instituted
a fresh scries of twelve experiments in the end of
September, as follows. .

The apparatus employed was the same as that
used in the last series, except that I had some large
double bulbs made for the present series. . In other
respects the process was the same as before.,

Exp. I. Sept. 30.—Hay infused 34 hours in water,
filtered, and boiled 10 minutes in a stream
of heated air—sealed up when cool.

Exp. IL. Sept. 30.—Similar in all respects.

Exp. IIL Oct. 1.—Similar.

Exp. IV. Oct. 2. —Similar,
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Exp. V. Oct. 5—Flour infused in warm water 3}
hours and filtered; boiled 11 minutes, as
before, and sealed.

Exp. VL. Get. 5.—Similar: boiled 10 minutes.

Exp. VIL. Oct. 5—A similar infusion infused 64
hours, not filtered : boiled 10 mfinutes.

Exp. VIIL. Oct. 5.—Similar.

Exp. IX. Oct. 7.—TFlour infused 34 hours, not
filtered : boiled 10 minutes in a stream of
oxygen, and sealed as before.

Exp. X. Oct. 7.—Similar: boiled 10} minutes.

Exp. XI. Oct. 7.—Flour infused 4% hours aud
filtered : boiled 10 minutes in oxygen.

Exp. XII.—~Similar.

On Oct. 8 this series of experiments was divided
into two sets: [B], Nos. II., IV, VI, VIII, X,
XII.,, were placed on a high shelf in my dining-
room ; the rest [A] in a hot closet, by the side of
the cooking-stove, in the kitchen.

The object of the latter arrangement was to
ensure the vessels being kept warm enough during
the winter monéhs; but the heat was, I have no
doubt, too great. I saw the thermometer on more
than one occasion over 140° Fahr,, and have reason
to believe that I did not see it at its highest.
Moreover, the biilbs here were almost wholly de-
prived of light. Thus, before opening the vessels,
I had made up my mind that the results of the
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other half of the series were most to be depended
upon. The temperature, of the room in which they
were probably never fell below 40° Fahr.,, and was
generally between 5Q° and 60°.

The examination of the B division of this series
took place at Dr. Beale’s house, Feb. 7, 1865. The
results were as follows :— 1v.

Exp. IV.—Hay + water + heated air. A few , ,

bacteriums were found in active motion ¢
(see drawing by Dr. Beale).

Exp. II.—Hay + water + S
heated air. Very large :‘:.E.
numbers of similar or- == o
ganisms were found. 75 . VL

Exp. VI.—Flour + water + heated air. Few \
were found as compared with the last, j(; ;\

but still several in active motion.

Exp. XII.—Flour + water + oxygen. No organ-
isms found.

Exp. VITI.—Flour + water + heated air (unfiltered).
A good many bacteriums, similar to the others.

Exp. X. — Flour + water + oxygen (unfiltered).
Some bacteriums, but not moving.

The other set of experiments was examined by me
at Oxford on various evenings between Feb. 16 and
March 8; but during some part of that time I pos-
sessed -no object-glass of sufficient magnifying power
to avoid all uncertainfy in the results.
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In two of them, viz. Nos. V. and XI., I could find
nothing like bacteriums. In the three others, viz.
II1.,, VII. and IX,, there were what appeared to me
dead ones (but a dead bacterium is an object of which
few persons who have seen many would think it very
safe to be very positive), and in one only, viz. No. I,
an infusion of hay, were they numerous and moving.
This I mentior .particularly, because the objects were
very well seen, and moving actively in the first slide
which T examined, and could be the better.seen on
accéunt of the clearness of the fluid and the absence
of granular matter; but upon examining severil
portions after the vessel had been open for a few
minutes, though they continued to be seen in equally
large numbers, all movement had ceased. They were
examined with a 3% object-glass of Messrs. Powell and
Lealand. Now, if we omit from these two series of
experiments those which I have already shown reason
to distrust, we have, in all, seven in the first, and six
in the second series, which seem fairly to test the
question ; and these having been examined by Dr.
Beale, as well as myself, bacteriums were found and
seen by both of us in three out of the first seven, and
five out of the remaining six—in all, in eight.

Now, it may be asked, why the same or similar or-
ganisms were not found in the other cases, if the expe-
riments were fairly tried? The answer is this, viz. that
we do not know ‘all the conditions under which they
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exist. It is pretty clear that they appear more easily
in some substances than in others. Thus, ih the first
series above described, it will be noticed, that the four
instances in which none were found were all those in
which coarse flour was the substance used. In the
remaining three, where pea-meal or hay were em-
ployed, there the bacteriums were seen. So also in
the other series, the one case in which nothing was
found was a case in which flour was used, and in the
remaining five the most numerous and distinet bac-
teriums were seen in the hay infusion. This n;ay
arise possibly from the fact that the infusion of flour
is not so clear as the others, and always contains
more granular matter; thus bacteriums are less easily
distinguished in it : and, where doubtful, it is my
practice to decide in the negative ; that is to say,
unless the bacteriums are clearly seen, I enumerate
the experiment amongst those-in which they are not
found. Further, it is possible that in some infusions
they may live and die sooner than in others, and in
most of these experiments with flour there was
a mass of indeterminate granular matter which might
have contained the bodies of: whole populations of
bacteriums. Finally, it is quite possible that they
might, if existing in small numbeys, escape obser-
vation. Their minuteness is extreme, and observation
of them far from easy. »At any rate, positive evidence
in a matter of this kind is of more value than
b
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negative ; and the fact that in eight cases out of
thirteen they have been seen not by myself only,
but also by sp accurate and practised a microscopist
as Dr. Beale,'is of more weight than our having
been unable to discover them in the remaining five
cases. '

The question which now remains to be discussed is,
how it is that’the results above given so entirely dis-
agree with those arrived at by M. Pasteur, and now,
to a certain extent, vouched for by ‘the Commission of
the Academy of Sciences. I have observed all the
precautions which M. Pasteur himself speaks of as
‘ exaggerated, yet I have shown bacteriums to be
produced exactly under the circumstances in which he
asserts that they do not exist. I believe this dis-
crepancy is very easily accounted for. M. Pasteur, in
his memoir, speaks of examining his substances with
a power of 350 diameters. Now my experience
throughout has been that it is impossible to recognise
these minute objects, with any degree of certainty,
even with double that magnifying power. When
once their existence on a slide is shown with a power
of 1500 to 1700 diamseters, it is quite possible after-
wards to recognise the same object with a power of
750, but I have repeatedly failed to satisfy myself in
the first instance with the latter power; and on the
one occasmn on Whlch I enjoyged the use of an object-
glass giving a power of 3000 diameters, I found the
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recognition of these very minute objects rendered very
much more easy. On one occasion I tried *the effect
of a power of 450 (not possessing one, of 350), and
found that all satisfactory investigation fof such objects
with such a power was impossible. Any person has
only to examine the drawings which accompany this
communication (in one particularly, that marked Z)
in order to satisfy himself that to corhe to any con-
clusion as to the presence or absence of such objects as
are there represented, with a magnifying power of
little more than % linear measurement of that from
which they are drawn, would be quite impossible.
The Commission of the Academy of Sciences, which
has not yet concluded its labours, has not, so far as its
present report goes, concerned itself with the micro-
scopy of the question ; it has, in fact, confined itself
to the dispute (which has almost become a personal
one), between MM. Pasteur and Pouchet. It is worth
noticing, that the fact so often referred to by writers
on this subject, of the fluid in the closed vessels
becoming cloudy or not as a test of the presence or
absence of bacteriums, is not satisfactory; I have con-
stantly predicted, from the cloudiness or clearness of
an infusion, the presence or absence of bacteriums,
and very frequently been mistakep—quite as often
too in the former case as in the latter.

As to the conclusums which can be drawn from
these expmments I need say very few words. I can

X 2
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now have no doubt of the fact that ‘bacteriums’
can be produced in hermetically-sealed vessels con-
taining an 1nfuslon of organic matter, whether
animal or véretable, though * supplied only with
air passed through a red-hot tube with all necessary
precautions for ensuring the thorough’ heating of
every portion of it, and though the infusion itself
be thoroughly boiled. But how far this fact affects
the question of what is called ‘ spontaneous genera-
tion’ is quite another matter. '

It seems clear that either (1) the germs of bac-
terium are capable of resisting the boiling tém-
perature in a fluid, or (2) they are spontaneously
generated, or' (3) they are not ‘organisms’ at all.
I was myself somewhat inclined to the latter belief
concerning them at one time ; but further researches
have gone far to convince me that they are really
minute vegetable forms.

The choice therefore seems to remain between
the other two conclusions. Upon these I will not
venture a positive opinion, but remark only, that
if it be true that ‘germs’ can resist the boiling
temperature in fluid, then both parties in the con-
troversy are working upon a false principle, and
neither M. Pouchet nor M. Pasteur is likely at
present to solve the question of spontaneous genera-
tion. In truth, if M. Pasteur’s facts are incorrect,
the whole queéti6p is relegated to the .domain of
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what the French Academy Commission calls ¢ pure
discussion ;’ and the one point which I ’claim to
have established by these 1esea.rches is precisely
that M. Pasteur’s facts are inexacté—not because
his experiments were not most admirably per-
formed, but simply because the magnifying power
of Mis microscope was insufficient for the work to
which he applied it. '

I desire to append two remarks to this paper.
The first is, that the common @ priori objection,
which M. Pasteur so well expressed in his me-
moir, to heterogeny in all forms, viz. that it is
a doctrine which has been gradually driven from
all the higher forms of life precisel.y in propor-
tion as our observation of them has become more
exact, until at last it has been compelled to take
refuge in those lowest forms which we are al-
most or altogether unable to*® observe, is really of
little or no force. Its cogency depends on analogy,
and the analogy has no existence. It is quite
equally to be expected @& prior: that if any forms
of life are generated spontaneously, they will be
the very lowest and simplest forms, and since these
happen to be also the most minute, the objection
loses its whole force. And it is,also a thing to
be expected that we should find only the lowest
forms, the earliest, s e. in the §ca]e of existence,
produced under the disadvantageous circumstances
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in which they must be placed in such experiments
as those hbove detailed.

The other remark is this, that, so far as my
present resea\‘:.hes have led me, I cannot but look
upon improvement in the construction of microscopes,
and increase of their power, as the (')nly way in
which our means of investigation of such questions
as the production of Bacterium is likely to be
largely increased. The - object-glass recently
constructed by- Messrs. Powell and Lealand for
Dz“. Beale, of which a notice has appeared in the
Proceedings of the Royal Society, has already shown
something like an appearance of structure in these
minute objects, and leaves, I think, no doubt about
their organic character.



NOTE ON ESSAYS III axp IV.

*THOSE who are interested in the subject of these
Essays, and have followed the questions treated in
them through the numerous memoirs and discussions
which have taken place in the French Academy,
must perceive that they scem to be almost inter-
minable and hopeless. At least the chance of set-
tling them by means of eyperimentation directed
expressly to that end seems so, and this for two
reasons, Vviz.

I. The evidence as to actual resylts of experiment
is contradictory. Upon this point, however, I can-
not doubt that the balance of evidence is, on the
whole, against M. Pasteur; for to the observations
enumerated in Essay III, there are now to be added
the results of my own experimeni':s detailed in Essay
IV, and also some further very careful experiments
by Professor Wyman of Harvard*College, dedcribed in
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the American Journal of Science and Arts, vol. xliv.
Sept. 1867.

I can therefore feel no doubt but that organisms
have been fodyd under the precise circumstances-
in which M. Pasteur states that they never exist.
But whether this be admitted or not, the solution
of the question remains as far off as before, for

II. In orderto the establishment of either doctrine
beyond the possibility of cavil, it is required to
prove a negative. A Dbeliever in spontaneous genera-
tion' in order to demonstrate his view must be able
to shew that no germs are contained in his vessels ;
or, at least, that all germs are killed by the con-
ditions to which he subjects his experiments, and
further, that no germ contained in his experimental
vessels could possibly have escaped the action of
these conditions. On the other hand a supporter
of the opposite view js called upon to shew that
no orgamsms exist in his infusions, and has to
meet thg somewhat difficult objections that since
he knows not a]l the conditions requisite for the
maintenance of life in the external world, he may
have failed to reprodyce them within his flasks,
and that therefore the sterility of his infusions
proves nothing ; and further, that even this sterility
cannot be certaiﬁly shown, since organisms may
actually be present and yet from their small num-
ber and' minute siZe, or the brief duration of their
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life, the experimenter may easily fail to discover
them. . '

It is curious that the results of some of the most
recent experiments weem to afford gqual support to
the objections on each side. Thus Dr. Wyman
states that though in his experiments organisms
certainly appeared under the same circumstances as
they did in my own, and as they never did in
M. Pasteur’s, yet if the infusions were boiled for
six -hours no organisms ever appeared. This would
seem to suggest that the organisms were the product
of germs which were destroyed when subjected to
a high temperature for a sufficient time, though it
does not of necessity involve such a conclusion.
Another recent experimenter, M. Lemaire, has shown
(see Comptes Rendus, vol. lix. p. 696.) that the
mere fact of an infusion being enclosed within a
hermetically sealed vessel, even without any appli-
cation of heat, is in itself sufficient to check the
production of organisms; for that in syffy circum-
stances fermentation begins but, cannot continue.
This certainly tends to show that other conditions
besides the mere presence af germs are required for
the development of organisms, and that such con-
ditions are interfered with where infusions are
hermetically sealed up.

It would seem therefore that it is rather by
careful gnd systematic observdtions of the whole
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- pheenomena of the lowest organisms, such as those
for instance recently published by Professor Hallier,
that we are likely to learn the conditions of their
production ratder than by any .further attempts to
decide by direct experiment whether they are or are
not spontaneously produced in organic inftisions.

Our final belief or disbelief in spontaneous gene-
ration must ne doubt depend, like other scientific
questions, upon experimental evidence and not upon
theoretical considerations; yet it is’ remarkable that
the ‘present extreme unwillingness on the part of
physiologists to admit its probability should co-
incide in point of time with the production of
Mr. Darwin’s views of the origin of species, and of
Mr. Herbert Spencer’s philosophy.

Mr. Darwin’s theory, whatever objections may
lie against some special portions of it3, is daily
gaining ground among men of science, yet it seems
completely to work into the far wider generalization
of Mr. Garbert Spencer, and serves almost of itself
to suggest the probable truth of the latter. Mr. Spen-
cer is himself apparently no believer in spontaneous
-generationb, yet he ayowedly extends those laws
of evolution, by which he proposes to account for
the whole pheenomena of the inorganic world,
not only to organic life but even to all the facts

a Se:e, for'example, Essays I and LT of tihis volume.
b See his ¢ Principles of Biology,’ vol. i. p. 210, pote.
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of mental and social developmentc. He says, ¢ To
the classes who aloge are likely to-read these
pages, the hypothesis of a fundamental unity,
extending from the simplest inorganic actions up
to the most complex associations of thought and
the most® involved social processes, will have an @
ptors probability. All things being recognized as
having one source will be expected to exhibit one
method. Even in the absence of a clue to unifor-
mities, co-extensive with all modes of Force, as
the mathematical uniformities are co-extensive with
Space and Time, it will be inferred that such
uniformities exist. And thus a certain presump-
tion will result in favour of any formula, of.a
generality great enough to include concrete phee-
nomena of every order. In the chapters on the
“ Law of Evolution ” there was set forth a principle,
which, so far as accessiblg evidence enables us to
judge, possesses this universality.’ &c. And againd,
in speaking of the ultimate laws of Matter,
Motion, and Force, under the head of correlation and
equivalence of forces, the same author says, ‘The
genesis of sensible motign by insensible motion,
and of insensible motion by sensible motion, as
well as the like reciprocal production of those
forms of insensible motion which constitute Light,

. ¢ ¢ First Principles,, p. 488.
4 Ibid. pp. 491, 492.
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Heat, Electricity, Magnetism, and Chemical-action,
was shown'to be a now agcepted doctrine, that
involves certain corollaries respecting the processes
everywhere goingy on around us.* Setting out with
the probability that the insensible motion radiated by
the Sun, is the transformed product of the sensible
motion lost during the progressive concentration
of the solar mads; we saw that by this insensible
motion, are in turn produced the various kinds
of sensible motion on the earth’s surface. Besides
the ix;organic terrestrial changes, we found that the
changes constituting organic life are thus originated.
We were obliged to conclude that within this cate-
gery come the vital phenomena classed as mental,
as well as those classed as physical. And it appeared
inevitably to follow that of social changes, too, the
like must be said’ Now if, on the one hand, it
be held that the whole: inorganic world has been
produced from a homogeneous mass of nebulous
matter, by a process of gradual evolution, passing
through every stage of complexity till it reaches
the infinite variety of structure and arrangement
which at the present moment excites our wonder
and confounds our attempts at exhaustive knowledge ;
and, on the other hand, that the.whole organic world
has been, in all its endless variety, developed by
a like process from the simplegt forms; if it be
remembered, too, that _organisms are compounded out



Note on Essays 1II and IV. 141

of but a few of the elements of the inorganic world,
and contain no new elpment exclusively ‘their own ;
and further, that chemical synthesis has in some
instances, at least recently, bridged over the gulf
which formerly seemed to divide organic from in-
organic substances; it seems an almost irresistible
conclusion that there must have been a staée in the
development of the universe whén the earliest
forms of organic life were evolved from some
special collocation of inorganic elements by the con-
tinued operation of the laws already in action : and
thus spontaneous generation would appear, to my
apprehension at least, to be merely a necessary term
in the evolution series. )

It will be objected that the doctrine of Develop-
ment of species, and still more that of Evolution,
are mere hypotheses, and not proved facts, and
this no doubt is true; but the latter is at least
listened to with respect, and the former is heartily
accepted, by physiologists who look upon spontaneous
generation as the exploded crotchet of a past age,
whose advocates hardly deserve a serious hearing.

The reader who has follewed me thus far in my
examination of these questions, will have seen that
I am as far from considering spontaneous generation
to be proved, as I am from believing it to be disproved.
But I would suggest for the consideration of physxolo-
gists, in gonclusion, that the doc’crme of spontaneous
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generation can hardly ‘receive its coup de grace’
while theories which necessagily involve it are con-
stantly advancing in probability and in credit. It
is not a legitimate proceeding® to admit a given
proposition, and to repudiate its necessary corollary.
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Language. By R. G. LATnayM, M.A. M.D.
F.R.8. Founded on the Dictionary of Dr. 8.
Jomnxson, as edited by the Rev. H. J. Toop,
with numerous Emendations and Additions.
Publishing in 36 Parts, price 8s. 6d. each,
to form 2 vols. 4to. Vou. I. in Two Parts,
price £3 10s. now ready.

Thesaurus of English Words hnd
Phrases, classified and arranged so as to
facilitate the Expression of Ideas, and assist
in Literary Composition. By P. M. Roakr,”
M.D. New Edition. Crown 8vo. 10s.6d.

Lectures on the Science of Lan-
guage, delivered at the Royal Institution.
By Max MtLLER, M.A. Taylorian Professor
in the University of Oxford. Firsr SERIES,
Fifth Edition, 12s. SecoNp Skrigs, 18s.

4

Chapters on Language. By F. W.
FArRAR, M.A. F.R.S’late Fellow of Trin.
Coll. Cambridge. Crown 8vo, 8s. 6d.

The Debater ; a Series of Complote
Debates, Outlines of Debates, and Questions
for Discussig:. By F. Rowtox~. Fecp. 6s.

A Course of English Reading,
adapted to every taste and capadi;=-+-,
How and What to Read. By the Rev.J.
Pycrorr, B.A. Fourth Edition, fep. Bs.

Manual of #English Literature,
Historical and Critical: with a Chapter on
English Metres. By THomMAs ArRNoLD, M.A.
Second Edition. Crown 8vo. 7s. 6d,

Southey’s Doctor, complets in One
Volume. Edited by the Rev. J.W. WARTER,
B.D. Square crown 8vo. 12s. 6d.

Historical and Critical Commen-
tary on the Old Testament; with a New
Translation. By M. M, Kavison, Ph. D.
VoL. 1. Genesi8, 8vo. 18s, or adapted for the
General Reader, 12s. VoL. II. Ezodus, 15s.
or adapted for the General Reader, 12s.
Vor. 111. Leviticus, PAnrr 1. 153. or adapted
for the General Reader, 8s.

A Hebrew Grammar, with Exorcises.
By the same. PART 1. Outlines with Exer-
cises, 8vo. 125, 6d. KrY, bs. PAgrT 1l Ez-
cepisomal Formns and Construclions, 12s. 6d.

A Latin-English Dictionary. By
J. T. Wairg, D.D. of Corpus Christi Col-
lege, and J. E. RippJ.E, M.A. of St. Edmund
Hall, Oxford. Imp. 8vo. pp. 2,128, price 42s.

A New %Latin-English Dictionary,
abridged from the larger work of HWhite and
Riddle (as above), by J. T. WarrE, D.D.
Joint-Author. 8vo. pp. 1,048, price 18s.

.

The Junior 8cholar’s Latin-English
Dictionary, abridged from the larger works
of White and Riddle (as above), by J. T.
Waite, D.D. Square 12mo. pp. 662, price
7s.6d. &

An English-Greek Lexicon, con-
taining all the Gregk Words used by Writers
of good authority. By Q. D.Yoxax, B.d.
Fifth Edition. 4to. 21s

Mr. Ydnge’s New Lexicon, En-
glish and Greek, abridged from his larger
work (as above). Square 12mo. 8s. 6d.
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A Greek-English Lexicon, Com- °

piled by H. G. LippELi, D.D. Dean of
Christ Church, and R. ScorT, D.D. Master
of Balliol. Fifth Edition, crown 4to. 81s, 6d.

A Lexicon, Greek and English,
abridged from LippELL and ScoTr’s Greeh-
English Lexicon. Eleventh Edition, square
12mo. 7s. 6d.

A Sanskrit-English Dictionary,
The Sanskrit words printed both in the
original Devanagari and in Roman letters;
with References to the Begt Editions of
Sanskrit Authors, and withVEtymologies
and Compnnsons of Cognate Words chiefly

"8k, Latin, Gothic, and Anglo-Saxon.
Compxled by T. BEnFEY. 8vo. 52s. 6d.

.

A Practical Dictionary of the
French and English Languages. By Pro-
fessor L¥ox CONTANSEAU, many years
French Examirfer for Military and Civil
Appointments, &c. 12th Edition, carefully
revised. Post 8vo. 10s. 6d.

_Contanseau’s  Pocket  Dictionary,

“¢French and English, abridged from the
above by the Author. New Edition. 18mo.
price 3s. 6d.

. .

New Practical Dictionary of the
German Language; German-English, and
English-German. By the Rev. W, L,
BrackrLEy, M.A,, and Dr. CARL MARTIX

Post 8vo. 7s, 6d.

! FRIEDLANDER.

Miscellaneous Works and Popular Metaphysics.

Lessons of Middle Age, with some
Account g; the Various Cities and Men.
By A. K. H. B. Author of ‘ The Recreations
of a Country Parson.” Post 8vo. 9s.

Recreations of a Country Parson.
By A.K.H.B. SEcosp Serigs. Crown
8vo. 3s. 6d.

The Commonplace
Town and Country. By
Crown 8vo. 8s. 6d.

Xieisure Hours in Town ; Essays Consola-
tory, Zsthetical, Moral, Social, and Do-
mestic. By the same. Crown 8vo. 8s. 6d.

The Autumn Holidays of a Country
Parson. By the same. Crown 8vo. 3s. 6d.

The Graver Thoughts of a Country
Parson, SECOND SERIES. By the sifhe.
Crown 8vo. 3s. 6d.

Critical Essays of a Country Parson,
selected from Essays contributed to Fraser’s
Magazcm. Bythaumﬂe Crown 8vo. 3s. 6d

unday’ Afternoons at the Parish
Cnurch of a Scottish University City. By
the same. Crown 8vo. 8s. 6d.

«Short Studies on Great Subjectg.
By James AxTHONY FROUDE, MLA. late
Fellow of Exeter College, Oxford. Second
Edition, complete in One Volume. 8vo.
price 12s.

Studies in Parliament: a*Series of
Sketches of Leading Politicians. By R. H.
Hurron. (Reprinted from the Pall Mall ©
Gazette.) Crown 8vo. $s. 6d.

Lord Macaulay's Miscéllineons
Writings. 8-

LIBRARY Epirion, 2 Vols, Bvo. P&&dt,m

PEoPLE’s Enmox, 1 vol. crown 8vo. 4s. 6.

jlosopher in
e same Author.

.

The Rev. Sydney Smith’s Mis-
cellaneous Works; including his Contribu-
tions to the Edinburgh Review. People’s
E3jtion, 2 vols. crown 8vo. 8s.

e
Blementary Sketches of Moral Philo-
sophy, delivered at the Royal Institution.
By the same Author. Fcp, 6s.

The Wit and Wisdom of the Rev.
SYpney SmiTH: a Selection of the most
memorable Passages in his Writings and
Conversation. 16mo. bs.

Epigrams, Ancient and Modern :
Humorous, Witty, Satirical, Moral, and
Panegyrical. Edited by Rev. Jor~ BooTH,
B.A. Cambridge. Second Edition, revised
and enlarged. Fcp. 7s. 6d.

-The Folk-Lore of the Northern
Counties of England and the Borders. By
WiLLiam HENDERSON, With an Appendix
on Household Stories by the Rev. 8.
BariNGg-GouLp. Crown 8vo. 9s. 6d.

Christian Schools and Scholars ;
or, Sketches of Ed ion from the Christi
Era to the Council of Trent. By the Author
of ¢ The Three Chancellors,’ &c. 2 vols. 8vo.
price 80s,

The Pedigree of the E Poo-
ple; an Argument, Historical and Scientific,
on the Ethnology of the English. By
Tnouu Nxcwous, M.A. I‘h.D 8vo, 16s.

'I‘ha English ande their Origin: s
: Prologm»co authentic English History. By
g.n:mev Pmn, M.A. Barrister-at-Law.
V0. V8. .
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Esgsays. selected from Centribu- |
tions to the Edinburgh Review. By HENRy !
Roeers. Second Edition. 8 vols. fep. 21s. |
Reason and .Faith, their Claims and ;
Conflicts. By the same Author. New .
Edition, revised and extended. Crown 8vo.
6. 6d. s .
The Eclipse of Faith; or, a Visit to a
Religious Sceptic. By the same Author.
Eleventh Edition. JFecp. bs. .
Defence of the Eclipse of Faith, by its
Author. Third Edition. Fcp. 8s. 6d.
Belections from thg Correspondence
E. H. Greyson. By the same Author.
Third Edition. Crown 8vo. 7s.6d.

»
Chips from a German Workshop ;
. being Essays on the Science of Religion,
and on Mythology, Traditions, and Customs.
By Max MUrLLER, M.A. Fellow of All Souls’
College, Oxford. 2 vols. 8vo. 21s.

The Secret of Hegel: being the
Hegelian System in Origin, Principle, Form,
and Matter. By James HuTrcHIsoN §pIRr-
LING. 2vols. 8vo. 28s.

An Introduction to Mental Phi-
losophy, on the Inductive Method. By
J. D. MorELL, M.A. LL.D. 8vo. 12s.

+.

poil of Psych ¥, containing the
Analysis of the Intellectual Powers, By
the same Author. Post 8vo. 7s. 6d.

The Senses and the Intellect.
By ArexaxpER Bawv, M.A. Prof. of Logic
iu the Univ. of Aberdeen. Second Edition.
8vo. 15s.

The Emotions and the ‘Will, by the
same Author. Second Edition. 8vo. 15s.

On the 8tudy of Character, including
an Estimate of Phrenology. By the same
Author. 8vo. 9s.

Time and Space: a Metaphysical
Essay. Bp Smapworra H. Hobpacsox.

8vo. price 16s.
Occasional Essays. By T
Hoskyxs, Author of ¢ Talpa, or ghe Chroni-

cles of a Clay Farm,’ &c. 16mo. 5s. 6d.

The Way to Rest: Results from a
Life-search after Religious Truth. By
R, VaugnaN, D.D. Crown 8vo. 7s. 6d.

From Matter to Spirit. By Soraia
E. DE MoraAN. With a Preface by Pro-
fessor DE MorGAN. Post 8voe8s. 6d.

The Philosophy of Necessity; or,
Natural Law as applicableto Mental, Moral,
and Social Science. By CHARLES BrAY.
Second Edition. 8vo. 9s.

The Educatign of the Feclings and
Affections. By tbe same Author. Third
Edition. 8vo. 8s. 6d.

On Force, its Mental and Moral Corre-
lates. By thesame Author. 8vo. s,

Astronomy, Meteorology,

Outlines of Astronomy. By 8ir
J. F. W. HersoHkr, Bart, M,A. Ninth
Edition, revised ; with Plates and Woodcuts.
8vo. 18s.

Saturn and its System. By Ricn-
ARD A. PrOCTOR, B.A. late Scholar of St.
John’s Coll. Camb. and King’s Coll. London,
8vo. with 14 Plates, 14s.

The Handbook of the Stars. By the
same Author. Square fcp. 8vo. with 3 Maps,
price bs.

Celestial Objects for Common
Telescopes. By T, W. Wrss, M.A. F.R.A.8.
Revised Edition, with Illustrations.

[ Nearly ready.

A General Diotionary *of &eo-
Kuphy. Desonpﬂvg Physicul, Statistical,

H

duemer of the World. By A. Kerre®
Joumsrox, F.R.S.E. New Edition, revised
to July 1867, 8vo, 81s, 6d.

Popetar Geography, §e.

M‘Culloch’s Dictionary, Geogra-
phical, Statistical, and Historical, of the
various Countries,® Places, and principal
Natural Objects in the World. Revised
Edition, with the Statistical Information
throughout brought up to the latest returns,
By FREDERICK MARTIN. 4 vols. 8vo. with
coloured Maps, £4 4s.

*

A Manual of Geography, Physical,
Industrial, and Political. By W. Huauzs,
F.R.G.8. Prof. of Geog. in King’s Coll. and in
Queen’s Goll. Lond. With6Maps, Fop.7s,6d.

"I'he States o!‘ the River Plate'
their Ind nd C y

Farmiug, Sheep Breedm&. Cattle Feedm}
and Meat Preserving; the Employment of

Capital, Land and Stock and their Values,

Labour and its Remuneratiop. By WILFRID
LaraAy, Buenos Ayres. nd Edition.
8vo, 12s,
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Hawaii : the Past, Present, and Fature
of its Island-Kingdom: an Historical Ac-

count of the Sandwich Islands By Maxvey !
Hopxins, Hawaiian Consul-General, &ec. |

Second Edition, revised and continudd;
with DPortrait, Map, and 8 other Hlustra-
tions. Post 8vo. 12s. 6d.

. i .
[

! Maunder’s Treasury of Geogra.

phy, Physical, Historical, Descriptive, and

Political. Edited by W. Hucnks, F.R.G.S,

With 7 Maps and 16 Plates. Fep. 10s. 6d.

' Physical Geography for Schools
and General Readers. By M. F. Mavry,
!+ LL.D. Fep. with 2 Charts, 2s. 6d,

Natural History and Popular Sciénce.

Elementary Treatise on Physics,

- aperimental and Applied, for the use of
Collegeg and Schools. Translated and edited
from Gaxor’s ¢Eleménts de Physique’
(with the Auther's sanction) by K. ArkiN-
goN, Ph.D. F.CLS. NewW Edition, revised
and enlarged; with a Coloured Plate and
620 Woodcuts, Post 8vo. 13s.

The Elements of Physics or
Nataral , Philosophy. By NwiL Anrxorr,
M.D. F.R.S. Physician Extraordinary to

the Queen. Sixth LEdition, rewritten and
completed. 2 Parts, 8vo. 21s.

Dove’s Law of Storms, considered in
connexion with the ordinary Movements of
the Atmosphere. Fravllated by R. II.
tcorr, M A. T.C.D. 8vo. 10s. bd,

Rocks Classified and Described.
By Bersnarp Vox Corra. An English
Ldition, by P. II. LAwReNcE (with English,
German, and French Synonymes), revised
by the Author. Post 8vo. 14s.

A Preliminary Discourse on the
Study of Natural jPhilosephy. By Sir
Joux [ W, Herscuen, Bart.  Revised
Edition, with Vignette Title. Fep. 3s. G,

The Correlation of Physical
Forces. By W. R. Grovr, Q.C. V.P.R S,
Fifth Edition, revised, and augmented Ly a
Discourse on Continuity. 8vo, 10s. 6d,
The  Disconrse on Continuity, repirvately,
price 2s. 6d )

. Eanualof Geology. ByS. Ilaveurox,
1 M.D. F.R.S. Fellow of Trin, Coll. and DProf.
of Geol. in the Univ. of Dublin, Second
Edition, with €6 Woodeuts, Fep. 7s. 6d.

A Guide to Geology. By J. Pniviirs,
M.A. Prof. of Geol. in the Univ. of Oxford.
Fifth Edition. Fep. 4s.

A Glossary of Mineralogy. By
! I. W. Brisrow, F.G.S. of the Geolagical
| Survey of Great Britain. With 486 Figuse-.
| Crown 8vo. Gs.

Sound : a Course of Eight Lecturesdeli-

vered at the Royal Institution of Great
Britain. By Professor Jon~ TyNpaLL,
LLD. F.R.S. Crown 8vo, with Portrait
and Woodeuts, 95 »

Heat Considered as a Mode of
Motion. By Professor Joun TyxpaLy,
LL.D. F.R.8.. Third Edition. Crown 8vo.
with Woodcuts, 10s. 6d. )

Light: its Influence on Li‘e and Hedlth.
By Forpes Winsrow, M.D. D.C.L. Oxon,
(Hon). Fep, 8vo. 6s.

An Essay on Dew, and scveral Ap-
pearances connected with it. By W. C.
Werrs: Edited, with Avnotations, by I,
P. CAsELLA, F.R.A S, and an Appendix by

« R. STrACHAN F.M.S. 8\'0.'53.

.

A Treatise on Electricity, in
Theory and Practice. By A. D3 1A Rive,
Prof. in thq Academy of Geneva. Trans-
lated by C. V. WaLker, F.R8. 8 vols.
8vo. with Woodcuts, £3 13s.

! Van Der Hoeven’s Handbook of
; Zoorogy. Translated from the Sccomd
Dutch Edition by the Rev. W. Craus.
M.D. F.R.S. 2 vols. 8vo. with 24 Plates of
Figures, 60s.

Professor Owen’s Lectures on
the Comparative Anatomy and Physiology
of the Invertebrate Animals  Second

1 Edition, with 235 Woodcuts. 8vo. 21s.

- The Comparative Anatomy and
i Physiology of the Vertcbrate Animals, By
Ricsarp OweN, F.R.S. D.C.L. 3 vols
8vo. with upwards of 1,200 Woodcnts.
Vous. L. and II. price 21s. each. Vou. IT}.
(completing the work) is nearly ready.

Thb Fitst Man and His Place in
Creation, considered on the Principles of
Jommon Sense from a Christian Point of
View; with an Appendix on the Negro.
By GeorGr: Moorng, M.D. M.R.C.P.L &
Post &vo. 8. Ad.
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The Primitive Inhabisants  of
Scandinavia: an Essay on Comparative
Ethnography, and a cdntribution to the
History of the Developement of Mankind.
Containing a description of the Implements,
Dwellings, Tombs, and Mode of Living of
the Savages in the North of Europe during
the Stone Age. By SvEN Ni1LssoN. Trans-
lated from the Author’s MS. of the Third
Edition; with an Introduction by Sig Joun
LusBock. 8vo. with numerous Plates.

[ Nearly ready.

The Lake Dwellings of Switzer-
land and other Parts of Europe. By Dr. F.
KrLLER, President of the Antiquarian Asso-
ciation of Ztirich. Translated and arranged
by J. E. Leg, F.8.A. F.G.S. Author of
¢Isca Silurum.” With several Woodcuts
and nearly 100 Plates of Figures. Royal
8vo. 31s. 6d. .

Homes without Hands: a Deserip-
tion of the Habitations of Animals, classed
according to their Principle of Construcgion.
By Rev,, J. G. Woop, M.A. F.L.S.
about 140 Vignettes on Wood (20 full size
of page). Second Edition. 8vo. 21s.

Bible Animals; being an Account of the
various Birds, Beasts, Fishes, and other
Animals mentioned in the IToly Secriptures.
By the Rev. J. G. Woop, M.A. F.L.S.
Copiously Illustrated with Original Designs,
made under the Author’s superintendence
and engraved on Wood. In course of pub-
lication monthly, to be completed in 20
Parts, price ls. cach, forming One Volume,
uniform with ¢Homes without Iands.

The Harmonies of Nature and
Unity of Creation. By Dr. G. HarTwia,
8vo. with numerous Illustrations, 18s.

The Sea and its Living Wonders.
the same Author. 'Third Edition, enlarged.
8vo. with many Illustrations, 21s.

The Tropical World. By the same Author.
With 8 Chromoxylographs and 172 Wood-
cuts, 8vo. 21s.

The Polar World: a Popular Account of

Nature and Man in the Arctic and Antarctic
Regions. By the same Author. 8vo. with
numerous Illustrations, [ Nearly reudy.

Ceylon. By Sir J. EmersoN TENNENT,

K.C.S.LL.D. 5th Edition; with Maps, &c. |

and 90 Wood Engravings. 2 vols®8vo.

£2 10s.

The Wild Elephant, its Structure and,
Habits, with the Method of Taking and
Training it in Ceylon. By the same
Author. Fep. with 22 Woodcuts, 3s. 6d.

ith |

Ry'

Manual of Corals and Sea Jellies.
By J. R. Grerxg, B.A. Edited by J. A,
GALBRAITH, M.A, and 8. Havenrow, M.D.

’Fcp. with 39 Woodcuts, 5s,

Manual of Sponges and Animalouls ;
with a General Introduction on the Princi-
ples of Zoology. By the same Author and
Editors. Feo with 16 Woodcuts, 2s.

Manual of the Metalloids. By J. Arsoun,
M.D. F.R.8. and the same Editors. 2nd
Edition. #cp. with 38 Woodcuts, 7s. 6d.

A TFamiliar History of «Rirds.
By E. StrANLEY, D.D. late Lord Bishop of
Norwich. Fep. with Woodcutsy 3s. 6d.

Kirby and Spence’s Introduction
to Entomology’, or Elements of the Natural
History of Insccts. Crown 8vo. 5s.

Maunder’s Treasury of Natural
History, or Popular Dictionary of Zoology.
Revised and corrected by T. §. Cossorp,
M.D. Fep. with 900 Woodcuts, 10s.

The Elements of Botany for
Families and Schools. Tenth Edition, re-
vised by Tunomas Moorg, F.L.S. Fep.
with 154 Woodcuts, 2s. 6d.

The Treashry, of Botany, or
Popular Dictionary of the Vegetable King-
dom; with which is incorporated a Glos-
sary of Botanical Terms, Edited by
J. Linprey, F.R.S. and T. Moore, F.L.S.
assisted by eminent Contributors. Pp.
1,274, with 274 Woodcuts and 20 Steel
Plates. 2 Parts, fep, 20s.

The”British Flora ; comprising the
Phanogamous or Flowering Plants and the
Ferns, By Sir W. J, Hooxkr, K.IL and
G. A. WALKER-ArNort, LL.D. 12mo.
with 12 Plates, 14sor coloured, 21s.

i ; .

| The Rose Amateur’s Guide. By
| Tiromas Rivens. New Edition. Fep. 4s.
1
|

Loudon’sEncyclopsedia of Plants;

' comprising the Specific Character, Descrip- *
! tion, Culture, Iistory, &c. of all the Plants

| found in Great Britain. With upwards of

! 12,000 Woodcuts. 8vo. 42s.

|

i

Lioudon’s Encyclopedia of Trecs and

Shrubs ;@ontaining the Hardy Trees and
| Shrubs of Great DBritain scientifically and
¢ popularly described. With 2,000 Woodcuts.
8vo. 50s,

'y .
Maund®r’s Scientific and Lite-
rary Tgeasury; & Popular Encyclopmdia of
Sciencd, Literature, and Art. New Edition,
thoroughly revised and in®great part re-
written, with above 1,000 new articles, by
J. Y. Jounson, Coxr. M.Z.S. Fcp. 10s.6d.
B
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A Dictionary of Beience, Litera- | gaggyg from the Edinburgh and
ture, and Art. Fourth Edition, re-edited Quarterly Revigos ; with Addresses anc
by the late W. T. BrANDE (the Author) | j}or pieces, By Sir J. F. W. Herscuey,
and GEORGE W, Cox, M.A. 8 vols. medium Bart. M.A.  8vo. 18s
8vo, price 63s. cloth. o

Chemistry, Medicine, Surgery, and the Allied Sciences.

A Dictionary of Chemistry and ' Lectures on the Diseases of In-
the Allied Branches of other Sciences. By ,  fancy and Childhood. By CHARLES WisT,
Bawe€: Warrs, F.C.S. assisted by eminent ;|  M.D. &c. 5th Editin, revised and enlarged.
Contributors. 5 vols. medium 8vo. in |  8vo. 16s
course ¢ publication in Parts. Vor. I !
3ls. 6d. Vor. IL 26s. Vor. III. 31s. 6d. | Exposition of the Sifns and
and Vor. IV. 24s. are nove ready. Symptoms of Pregnancy : with other Papers

on subjecta connected with Midwifery, By

W. F. MonTGOMERY, M.A. M.D. M.R.I.A.

8vo. witl} Ilustrations, 25s.

Handbook of Chemical Analysis,
adapted to the Unitary Sy-tem of Notation. )
By F. T. CoxiNnaroN, M A, F.C.8. Post .
Soo. 78, 64, e A System of Surgery, Theoretical

and Practical, in Treatises by Various

Conington’s Tables of Qualitative Authors.  Edited by T. Hormes, M.A.
Analysis, to accompany the above, 2v. 6d. Cantab. Assistant-Surgeon to St. George’s

3 ; Hospital. 4 vols. 8vo. £4 13s.

Elements of Chemistry, Theore- : vq1. 1, General Pathology, 21-.

tical and Practical. By WILLIAM A. | g0 17 T.ocal Injuries: Gun-shot Wonnds,

MILLER, 1§I.D. LL.D. Proftssor of Chemis- Injuries of the Head, Back, Face, Neck.
try, King’s College, London. 8 vols. §\'o. Chest, Abdomen, Pelvis, of the Upper and
£3. Parr 1. CuemicArn Pavsics, Revised Lowor Extremities, and Di of the
Edition, 15s. Part II. INorcantc Cure- Eye. 2ls.

MISTRY, 21s. PArT III. Orcaxic CnE-
MISTRY, 21s.

! Vol. III. Operative Surgery. Discases

: of the Organs of Circulation, Locomoticn,
A Manual of Chemistry, De- , _%¢ 2l

scriptive and Theoretical. By Wyrriam - Vol. IV, Diseases of the Organs of

Obtrxa, M.B. F.R.S. Parr I Svat 05, Digestion, of the Gemty-Urmar_v System,

Parr IT. nearly ready. and of the Breast, Thyroid Gland, and Skin;

- v with APPENDIX and GeNerAL INnkx, 80s.

A Course of Praciicgl Chemistry, for the | ..
use of Medical Students. By the same | Lectures on the Principles and
Author. New Edition, wjth 70 new ° Practice of PhYuzc. By Tuovmas Watsox,
Woodcuts. Crown 8vo. 7s. 6d. M.D. Physician-Extraordinary to the
: Queen. New Edition in preparation.

, Lectures on Animal Chemistry Dalivered
at the Royal College of Phiysicians in 1865. Lgoﬁfgsgg g‘:ﬂo:}u_gzz]:(’olgﬁy .
By the same Author. Crown &vo. 4s, 6d. toyt!;e Queer,, Editod bg w 'l:um«n: % 'g’
New Edition in preparation.

A Treatise on the Continued
Fevers of Great Britain. By C. MurcHIsoN,
M.D. Senior Physician to the London Fever
Hospital. 8vo. with coloured Plates, 18s.

Ouftined of Physiology, Human

The Toxicologist’s Guide: n New
Manual on Poisons, giving the Best Methods
to be pursued for the Detection®af Poisons
By J. HorsLEY, F.C.8. Analytical Chemmt'
Post 8vo. 8s. 6d.

"*he Diagnofis, Pathology, and

Treatment of Diseases of Women ; including and Comparative. By JOHN MARSHALIL,
the Diagnosis of Pregnancy. Bj GRAILLY F.R.C.8. Professor of Surgery in University
Hewrrt, M,D. &c. Second Edition, en- College, London, and Surgeon to the Uni-
larged; with 116 Woodcut Tlustrations. versity College Hospital. 2 vols. crown 8vo.

8vo. 21s. with 122 Woodcuts, 82s.
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Anatonly, Descriptive apd Sur-
gical, By HeNry Gray, F.R.S. With
410 Wood Engravings from Dissections,
Fourth Edition, by T.Horygs, M.A. Cantab.
Royal 8vo. 28s.

The Cyclopeedia of Anatomy and
Physiology. Editgd by the late R. B. Topry
M.D. F.R.S. Assisted by nearly all the
most eminent cultivators of Physiological
Science of the present age. & volse 8vo.
with 2,853 Woodcuts, £6 6s.

Physiological Anatomy and Phy-
siology of Man. By the late R. B. Topp,
M.D. F.R.S. and W. Bowmax, F.R.8. of
King’s Cgllege. With numerous Illustra-
tions. Vou. 11, 8vo. 25s.

Vor.1I. New Edition by Dr. LioNEL S.
Beare, F.R.S. in course of publication;
Parr 1. with 8 Plates, 7s. Gd.

Histological Demonstrafions; a
Guide to the Microscopical Examination of
the Animal Tissues in Health and Disease,
for the use of the Medical and Veteriggry
Professiofts. By G. ITarLry, M.D. F.R.S.
Prof. in Univ. Coll. London; and G. T.
Brown, M.R.C.V.S. Professor of Veteri-
nary Medicine, and one of the Inspecting
Officers in the Cattle Plague Department
of the Privy Council. Post 8vo. with 223
Woodcuts, 12s.

‘A Dictionary of Practical Medi-
cine. By J. Corraxp, M.D. F.RS.
Abridged from the larger work by the
Author, assisted by J.C. CorLaxD, M.R.C.S.
and throughout brought down to the pre-
sent state of Medical Science. Pp. 1,660,
in 8vo. price 36s.

The Works of S8ir B. C. Brodie,
Bart. collected and arranged by CHARLEs
Hawkins, F.R.CS.E. 3 vola. 8vo. with
Medallion aud Facsimile, 48s.

4’ Manual of Materia Medica
and  ‘Therapeutics, abridged from Dr,
PEREIRA’S Elements by F. J. FArkE, M.D.
assisted Ly R. BentLey, M.R.C.8. and by
R. WasineToy, F.R.S. 1 vol tvo. with
90 Woudcuts, 21s.

Thomson’s Conspectus of the
British Pharmacopwia.  Twenty-fourth
Ldition, currected by E. LLoyp BeRxETT,
M.D. 18mv. s 6d.

Manual of the Domestic Practice
of Medicine. . By W. B. Kesteves,
FROS.E  1hird Edition, thoroughly
revised, with Additions. Fcp. bs.

Sea-Air and BSea-Bathing for
Children and Invalids. By WriiLiam
Straxui, M.D.  Fep. 8s. e

The Restoration of Health; or,
the Application of the Laws of Hygiene to
the Recovery of Health: a Manual for the
Invalid, and a1 Guide in the Sick Room.
By W. Snms;m, M.D. Fep. 6s.

Gymnasts and® Gymnastics. By
Joun 1. Howarb, late Professor of Gym-
nastics, Comm. Coll. ;Ripponden. Second
Idition, revised and enlarged, with various
Selections trom the best Authors, containing
445 Exercises; and illustrated with 135
Woodeuts, including the most Recent Im-
provements in the different Apparatus now

in the various Clubs, &c,  Crown 8vo.
10s, 6d.

The Fine Arts, and Illustrated Edfons.

Half-Hour Lectures on the His-

tory and Practice of the Fine and Orna-
mental Arts. By W. B, Scorr. Second
Kdition. Crown 8vo. with 50 Woodcut
Iilustrations, 8s. 6d.

An Introduction to the Study of
National Music; Comprising Researches
into Popular Songs, Traditions, and Cus-
toms, By CArL ENceL. With Frontis-
piece and numerous Musical Illustrations.
8vo. 16s.

Lecturesonthe History ofModern
Music, delivered at the Royal Institution.
By Jonx Hurran. First Couns, with

Chronological Tables, post 8vo, 6s. 6d.°

Sucoxp Coursk, the Trgnsition Period,

L]

The Chorale Book for England ;
a complete Hymn-Book in accordance with
the Services and Festivals of the Charch of
Bngland: the Hymns translated by Miss C. '
Wiskwortit; the Tunes arranged by Prof.
W. S. BenygTT and OrTo GOLDSCHMIDT,
Fep. 4to. 12s. 6d.

Congtegn:ional Edition. Fep. 2s,

Six Lectures on Harmony. De-

» livered ut the Royal Institution of Great
Britain before Fgster 1867. By G. A.
MACFAi.tKEN. 8vo. 105 ¢d. .

Sacred Music for Family' Use ;*
A Selegtiou of Pieces for One, Two, or more
Voices, from the best Composers, Foreign
and English. Edited by Joun HutrAm.
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The New Testament, illustrated with
Wood Engravings after the Early Masters,
chiefly of the Italian School. Crown 4to.
683s. cloth, gilt top; or £5 5s. morocco.

Lyra Germanica, the Christian Yea.
Translated by CATHERINE WINKWORTH ;
with 125 Illustrations on Wood drawn by
J. LErouTon, F.S.A. Quarto, 21s.

Lyra Germanica. {ihe Christian Tife.
Translated by CATHERINE WINKWORTH ;
with about 200 Woodcut Illustrations by
J. LxieuroN, F.S.A. and ther Artists.
Quartg. 21s.

The Life of Man Symbolised by

the Months of the Year in their Seasons :
and Phases; with Passages selected from :
Ancient and Modern Authvrs. By RicHARD |
Prgor. Accompanied by a Series of 25

full-page Illustrations and numerous Mar-

ginal Devices, Decorative Initial Letters, !
and Tailpieces, engraved on Wood from :
Original ( Designs by Jomx LEIGHTON,

F.8.A. Quarto, 42s.

Cats’ and Farlie’s Moral Em-
blems; with Aphorisms, Adages, and Pro-
verbs of all Nations : comprising 121
Tllustrations on Wood by J. LricuTON,
F.8.A. with an appropliate Text by
R. PreoT. Imperial 8vo. 31s. 6d.

NEW WORKS runLisnEp BY LONGMANS m* CO.

Shakspeare’s Sentiments and
Similes printed in Black and Gold, and illu-
minated in the Missal style by HENRY NoEL
HumpHREYS. Inmassive covers, containing
the Medallion and Cypher of Shakspeare.
Square post 8vo. 21s,

Sacred and Legendary Art. By
Mrs. Jamesos, With numerous Etchings
and Woodcut Illustrations. 6 vols. square
crown 8vo, price £5 16s. 6d. cloth, or
£12 12s. bound in morocco by Riviere. To
be had also in cloth only, in Four Seriks,
as follows :—

Legends of the Saints and Martyrs,
Fifth Edition, with 19 Etchings and 187
Woodcuts. 2 vols. square crown 8vo.
81s. 6d.

ds of the Mc Orders, Third
Edition, yvith 11 Etchings and 88 Woodcuts,
1 vol. square crown 8vo. 21s,

T, 43

Legendsof the Madonna. Third Edition,
with 27 Etchings and 1656 Woodcuts. 1

{¢. square crown 8vo, 21s.

The History of Our Lord, as exemplified
in Works of Art. Completed by Lady EAst-
LAKE. Second Edition, with 18 Etchings
and 281 Woodcuts. 2 vols. square crown
8vo. 42s.

Arts, Manufactures, §c.

Drawing from Nature; a Serics of
Progressive Instructions in Sketching, from
Elementary Stulies to Finished Views,
with Examples from*Switzerland and the
Pyrenees. By GEOrGx BArNARD, Pro-
fessor of Drawing at Rugby S&hool. With
18 Lithographic Plates and 108 Wood En-
gravings. Imp.8vo. 25s. or in Three Parts,
royal 8vo. 7s. 6d. each.

Gwilt’s Encyclopsedia of Archi-
tecture. Fifth Lidition, with Alterations
and considerable Additions, by Wyarr
PapworTH. Additionally illusé-ated with
nearly 400 Wood Engravings by O.
Jewirrt, and upwards of 100 other new'
Woodcuts. 8vo. 52s. 6.

.

‘Tfuscan Soculptors, their Lives,
Works, and Times. With 45 Etci{ngs and
28 Woodcuts from Original Drawings and
Photographs.' By CuarLEs C. PERKINS.
2 vols. imp. 8vo, 63s.

|

Original Designs for Wood-Carv-
ing, with Practical Instructions in the Art.
By A. F. B. With 20 Plates of Illustrations
engraved on Wood. Quarto, 18s.

The Grammar of Heraldry: con-
taining a Description of all the Principal
‘Charges nsed in Armory, the Signification
of Heraldic Terms, and the Rules to be-
observed in Blazoning and Marshalling.
By Jonx K. CussaNs. Fep. with 196
‘Woodcuts, 4s. 6d.

Hints on Household Taste in
Furniture and Decoration, By CHARLES L.
EASTLAKE, Architect. With numerous Illus-
tragjons epgraved on Wood. [ Nearly ready.

L)
The Engineer’s Handbook ; ex-
¢ plaining thie Principles which should guide
the young Engineer in the Construction of
Machinery, ByC.8.Lownpes. Post8vo.5s.
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The Elements of Machanism.
By T. M. GooDEVE, M.A. Prof. of Me-
chanics at the R.Mp» Acad. Woolwich.
Second Ldition, with 217 Woodcuts. Post
8vo. 6s. 6d.

Ure’s Dictionary of Arts, Manu-
factures,and Mines, Sixth Hdition, chifly
re-written and greatly enlarged by RoBERT
Huyxr, F.R.S,, assisted by numerous Con-
tributors eminent in Science and the Arts,
and familiar with Manufactures. With
2,000 Woodcuts. 8 vols. medium 8vo.

 £4 145, 6d.

Treatise on Mills and Millwork.
By W.¥amrsamn, C.E. F.R.S. With 18
Plates and 322 Woodcuts. 2 vols. 8vo. 82s.

Useful Information for Engineers. By
the same Author. Finst, Secoxp, and
Tairp SeRIEs, with manys Plates and
Woodcuts. 3 vols. crown 8vo. 10s. 6d. each.

The Application of Cast and Wrought
Iron to Building Purposes. By, ame
Authorr Third Edition, with 6 Plates and
118 Woodcuts, 8vo. 16s.

Iron Ship Building, its History
and Progress, as comprised in a Series of
Experimental Researches on the Laws of
Strain; the Strengths, Forms, and other
conditions of the Material; and an Inquiry
into the Present and Prospective State of
the Navy, including the lxperimental
Results on the Resisting Powers of Armour
Plates and Shot at High Velocities, By
W. Fampairy, C.E. F.R.S. With 4 Plates
and 130 Woodcuts, 8vo. 18s.

Encyclopedia of Civil Engineer-
ing, Historical, Theoretical, and Practical.
By E. Cumsy, C.E. With above 3,000
Woodcuts, 8vo. 42s.

The Artisan Club’s Treatise on

the Steam Engine, in its various Applica- |

tions to Mines, Mills, Steam Navigation,
Railways, and Agriculture. By J. BOURNE,
CE. New Edition; with 87 Plates and
546 Woodcuts, 4to. 42s.

A Treatise on the Screw Pro-
peller, Screw Vessels, and Screw Engines,
as adapted for purposes of Peace and War;
with notices of other Methods®f Prdbulsion,
Tables of the Dimgnsions and Performance
of Screw Steamers, and Detailed Specifica~
tions of Ships and Engines. By the sadle
Author. Third Edition, with 54 Plates and
287 Woodcuts. Quarto, 63s.

Catechism of the Steam Engine,
in its various Applications to Mines, Mills,
Steam Navigafion, Railways, and Agricul-
ture. By Joux Bourxy, C.E. New Edition,

¢ with 199 Woodcuts. Fep. 63,

Handbook of the Steam Engine, by the
same Author, forming a Kev to the Cate-
chism of the Steam Engine, with 67 Wood-
cuts. Fep. 9s.

A History of the Machine-
Wrongh{yIosiery and Lace Manufactures.
By WiLLiay Fevkiy, F.L.S. F.8.8. With
8 Steel Plates, 10 Lithographim Plates of
Machinery, and 10 Coloured Impressions of
Patterns of Lace. Reyal 8vos2ls.

Manusl of Practical Assaying,
for the use %f Metallurgists, Captains of
Mines, and Assayers in general; with
copions Tables for Ascerlainiug in Assays
of Gold and Silver the precise amount in
Ounces, Penny weights, and Grains of Noble
Metal contuined in One Ton ef Ore from a
Given Quantity, By Jonx MircHELE,
F.C.8. 8vo. with 360 Woodcuts, 21s.

The Art of Perfumery ; the History
and Theory of Odours, and the Methods of
Extracting the Aromas of Plants. By
Dr. Press® F.0.S. Third Edition, with
53 Woodcuts. Crown 8vo. 10s. 6d.

Chemical, Natural,and Physical Magic,
for Juveniles during the Holidays. By the
same Author. Third Edition, enlarged
with 38 Woodceuts. Fep. 6s.

Loudon’s Encyclopsdia of Agri-
1if:‘lyure: Comprising the Laying-out, Im-
rovement, and Management of Landed
Property, and the Cultivation and Economy
of the Productions of Agriculture. With
1,100 Woodcuts. 8w 31s. 6d.

Loudon’s Encyclopsedia of Gardening :
Comprising the "Theory and Practice of
Horticulture, Floriculture, Arboriculture,
and Landscape Gardening. With 1,000
Woodcuts. 8vo. 81s. 6.

.

fioudon’s Encyclopsdia of Cottage, Farm,
and Villa Architecture and Furnittre. With
more than 2,000 Woodcuts. 8vo. 42s.

Garden Architecture and Land-
scape gardening, illustrating the Architec-
tural Embellishment of Gardens ; with Re-
marks on Landscape Gardening in its rela-
tion to Architegture. By JoHN ARTHUR
Huosms. 8vo. with 194 Woodcuts, 1

Bayldon’s Art of Valuing Ren
and Willages, and Claims of Tenants upon
Quitting Farms, both a{ Michaelmas and
Lady-Day. Eighth Edition, revised by
J. C. MorTON. 8vo. 10s. 6.
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Rligious and Moral Works:

\

An Exposition of the 39 Articles,
Historical and Doctrinal. By E. HaroLp
BrowxEg, D.D. Lord Bishopof Ely. Seventh
Edition. 8vo. 16s.

Examination-Questions on  Bishop
Browne’s Exposition of the Articles. By
the Rev. J. GorLE, M.A.  Fep. ¢s.6d.

The L){i‘ and Reign of David
King of Tsrael. By Geok¢e Smrrs, LL.D.
F.AS "rg_wn 8vo. 7s. 6d.

The Acts of the Apostles; with a
Commentary, and Practical ¢nd Devotional
Suggestions for Readers and Students of the
English Bible. By the Rev. F. C. Coox,
M.A, Canon of Exeter, &c. New Edition,
8vo. 12s. Gd.

The Life, and Epistles of St.
* «aul. By W. J. CoNYREARE, M.A. late
Fellow of Trin. Coll. Cantab. and J. S.
Howsoxn, D.D. Principal of Liverpool Coll.

LiszArY EpirioN, with all the Original
Illustrations, Maps, Landscapes on Steel,
Woodcuts, &c. 2 vols. 4to. 4%s.

INTERMEDIATE Em'n:m, with a Selection
of Maps, Plates, and Woodcuts. 2 vols.
square crown 8vo. 31s. 6d.

PeorLe's Eoirion, revised and con-
densed, with 46 Illustrations and Maps.
2 vols. crown 8vo. 12s.

The Voyage and Shipwreck of
St. Paul; with Dissertations on the S|
and Navigation of the Ancients. By Jamzs
Ssitu, F.R.S. Crown 8vo. Charts, 10s. 6d.

Evidence of thé «T'ruth of the
Christian Religion derived from the Literal
Fulfilment of Prophecy, partivularly as
llustrated by the History of the Jews, and
the Discoveries of Recent Travellers, By
Avexanper Kerrnr, D.D. 47th Edition,
*with numerous Plates, in square 8vos
12s. 6d.5 also the 39th Edition, in post 8vo.
with 5§ Plates, Gs.

The History and Destiny of the World
and of the Church, according to Seripture,
By the same Author. Square 8vo. with 40
Tllustrations, 10s.

History of Israel to the Death
of Moses. By Hsunricu Ewarg. Pro-
icssor of the University of Géttingen.
Translated from the G . Liditeg, with

a Preface, by RusseLL MARTINEAU, M.A.
l’rofeuor of Hebrew in Manchester New
College, London. 8vo. 18s.;

A Critical and Grammatical Com-
mentary on St. Paul’s Epistles. By C.J.
rLicorT, D.D. Lord Bislop of Gloucester
and Bristol. 8vo.
Galatiaps, Third Edition, 8s. 6d.
Ephesians, Fourth Edition, 8s.64.
Pa.stora.l Epistles, Third Edition, 10s. éd.
Philiy i and Phil
"Third Edmon, 10s. 62¢
Thessalonians, Third Edition, 7s. 6d.

Historical Lectures on theLife of
Our Lord Jesus Christ: being the Hulscan
Lectures for 1859, By the same Author.
Fourth Kdition. 8vo, 10s.6d.

The Destiny” of the Creature ; and other
Sermons preached before the University of
Cambridge. By the same. Post 8vo. 5s.

Thef3r~3k Testament ; with Notes,
Grammatical and Exegetical. By*the Rev.
W. WeBster, M.A, and the Rev. W, F.
WiLKINSON, MLA. 2 vols. 8vo. £2 4s,

Vor. I the Gospels and Acts, 20s.
Vou. IL the Ypistles and Apocalypse, 24s.

An Introduction to the Study of
the New Testament, Critical, Exegetical,
and Theological. By the Rev. 8. DAVIDSON,
D.D. LL.D. 2 vols. 8vo. [ In the press.

Rev. T. H. Horne’s Introduction
to the Critical Study and Knowledge of the
Holy Scriptures. Eleventh Edition, cor-
rected, and extended under careful Editorial
revision. With 4 Maps and 22 Woodcuts
and Facsimiles, 4 vols. 8vo. £3 13s. 6d.

Rev. T. H. Horne’s Compendious In-
troduction to the Study of the Bible, being
an Analysis of the larger work by the same
Author. Re-edited by the Rev. Jomx
AvrE, M.A. With Maps, &c. Post 8vo. 9s.

The Treasury of Bible Know-
ledge; being a Dictionary of the Books,
Persons, Places, Events, and other Matters
of which mention is made in Holy Secrip-
tures intended to establish its Authority
and illustrate its Contents. By Rev.
J. Axre, M.A. With Maps, 15 Plates, and
numéous Woodcuts. Fep. 10s, 6d.

L]
Every-day Scripture Difficulties
Vexplained and illustrated. By J. E. PrEs-
cort, M.A. VoL. I. Matthew and Mark;
Vou. 11, Luke and John, 2 vols. 8vo. 9s,each.
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The Pentateuch ande® Book of
Joshua Critically Examined. By the Right
Rev. J. W. CorLrxso, D.D. Lord Bishop of

. Natal. People’s Edition, in 1 vol. crown
8vo. 6s. or in 5 Parts, ls. each.

The Church and the World: Essays
on Questions ‘of the Day. By varfous
Writers. Edited by Rev. Orsy SmrpLEY,
M.A. TirsT and SECOND SERIES. 2 vols.
8vo. 15s. each. Tuirp Skrres pheparing
for publication.

Tracts for thegDay; a Series of
Essays on Theological Subjects, By various
Authors. Ldited by the Rev. Onnry Snir-
LEY, M.A. 1. Priestly Absolution Scrip-
trial, 9d. 11. Purgatory, 9d. 111. The Sceen
Sacraments, 1s.6d. 1V. DMliracles and Prayer,
O6d. V. The Real Presence, 15.8d. V1. Casu-
istry, 1s. VIL. Unction of the Sick, 9d. VIII,
The Rule of Worship, 9d. *IX. Popular
Rationalism, 9d.

The Formation of Christondom.
Part [ By T. W. Avuizs. 8 Tv®

Christendom’s Divisions; a Philo-
sophical Sketch of the Divisions of the
Christian Family in East and West. By
Epmuxn S. Frourkes, formerly Fellow and
Tutor of Jesus Coll, Oxford. Post 8vo.7s.6d.

Christendom’s Divisions, Part IL
(reeks and Latins, being a History of their
Dissentions and Overtures for Peace down
to the Reformation.
Post 8vo. 15s.

The Hidden Wisdom of Christ
and the Key of Knowledge; or, History of
the Apocrypha. By Lrnest Dk Bunskn.
2 vols. 8vo. 28s.

The Keys of 8t. Peter; or, the House of
Rechab, connected with the History of
Symbolism and Idolatry. By the same
Author. 8vo. 14s.

The Temporal Mission of the
Holy Ghost; or, Rcason and Revelation.
By Archbishop Mansine, D.D. Second
Edition. Crown 8vo. 8s. 6d.

England and Christendom. By the same
Author. Preceded by an Introduction on
the Tendencies of Religion in England, and
the Catholic Practice of Prayer for the
Restoration of Christian Ngtions gto the
Unity of the Church. TPost 8vo. 10s. 6d.

»

Essays on Religion and Literg-
tare. Edited by Archbishop MANNING,
D.D. FirsT SERIES, 8vo. 105.6d. SECOND
SERIES, 14s.

By the same Author. \

Essays and Reviews. By the Rev.
W. TemrLE, B.D. the Rev. R. WiLLIAMS,
B.D. the RevFB. Powkrr, M.A. the Rev.
H. B. WiLson, B.D. C. W, Goopwin, M.A.
the Rev. M. PaTTisoN, B.D. and the Rev.
B.JowerT,M.A. 12th Edition. Fep. bs.

Mosheim’s Ecclesiastical History.
Murpock and S8oAMEs's Translation and®
Notes, re-edited by the Rev. W. Stusss,
M.A. 8 vols. 8vo. 46s.

[

Bishop Jeremy Taylor’s Entire
Works: With Life by Brsud® HEBER.
Revised and corrected by the Rev. C. P.
EbEN, 10 vols. £5 5s. .

Passifg Thoughts on Religion.
By the Author of ‘Amy Herbert.’ New
Edition. Fcp. 5s.

Self-examination before Confirmation.
By the same Author. 82mo. 1s. 6d.

Readings for a Month Prabaratory to
Confirmation from Writers of the Early #2%"
English Church. By the same. Fcp. 4s.

Readings for Every Day in Lent, com-
piled from the Writings of Bishop JEREMY
TAYLOR. By the same. Fcp. 5s.

Preparatior®for the Holy Communion ;
the Devyotions chiefly from the works of
JEREMY TAYLOR. By the same. 32mo. 3s.

Principles of Education drawn
from Nature and Revelation, and Applied
to Female Lducation in the Upper Classes.
By the same. 2 vols. fep, 12s. 6d.

The Wife’s Manual ; or, Prayers,
Thoughts, and Songs on Several Occasions
of a Matron’s Life. By the Rev. W. CAL-
VERT, M.A, Cr;yo. 10s. 6d.

Lyra Domesti®a ; Christian Songs for
D tig Ediftcati Translated from the
Psaltery and Harp of C. J. P. SpriTta, and

from other sources, by RicHARD MAssiE,
FirsT and SECOND SERTES, fep. 45, 6d. each;

*8piritual Songs’ for the Syndays
and Holidays throughout the Year. By
J. 8. B. MonseLL, LL.D. Vicar of Egham
and Rural Dean. Sixth Thousand. Fep.
price 4. 6d.

The Beatitudes: Abasement Lefore God :
Sorrow for Sin; Meekness of Spirit; Desire
for Holiness; Gentleness; Purity of Heart ;
the Beace-makers; Shfferings for Chnst.
By the same Author. Third Edition."?&
vised. Fcp. 3s. 6d.

His Presence not hiss Men;.ory, 1835,
By the same Author, in memory of his So~.
Fifth Edition. 16mo. 1s.
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Lyra Germanica, translated from the
German by Miss C, Wrykworti. FIrsT
Series, Hymns for the S¥ndays and Chief
Festivals; SecoNp Semifs, the Christian
Life, Fep. 3s. 6d. each SERrIEs. !

Hymns from Lyra Germanica, 18mo. 1s.

' Lyra Eucharistica ; H.ymng ?m}

NEW WORKS rpusLisHED BY LONGMANS AND[CO.
“r

Modern, Odes, and Fragments of Sacred
Poetry. Edited Yy the Rev. B. W, SaviLg,
M.A. Third Edition, e_nlarged. Fep, bs.

The Catholic Decetrine of the
Atonement ; an Historical Inquiry into its
Development in the Chureh: with an Intro- _
duction on the. Principle of Theological

1 ts. By H. N, OxrxnaaM, M.A.

Verses on the Holy C
and Modern ; with other Poems. Edited by
the Rev. OrY SmirLey, M.f. Second
Editlon.’ Fep. 7s. 6d.

Lyra Messianica; Hymns and Verses on .
the Life of Christ, Ancient and Modern; |

with other Poems. By the same Editor.
Second Edition, enlarged. (Fep. 74 6d.

Lyra Mystica; Hymns and Verses on Bacred

Subjects, Ancient and Modern. By the |

same Editor. Fep. 7s. 6d.

evelop
8vo. 8. 6d.

Endeavours after the Christian
Life: Discourses. By JAMES MARTINEAU,
Fourth and cheaper¢Edition, carefully re-
vised; the Two Series complete in One
Volume. Post 8vo. 7s, 6d.

Introductory Xessons on the
History of Religions Worship; being a
Sequel to the ¢ Lessons on Christian Evi-
dences” By Ricmarp WaarkLy, D.D.
New Edityon, 18mo. 23, 6d.

N 4
Lyra Saera; Hymns, Ancient and
i
|
t

Travels, Voyag}éé, #<}'c.

The North-West Peninsula of
Iceland ; being the Journal®of a Tour in
Jeeland in the Summer of 1862, By C. W.
SHErHERD, M.A. F.Z.8. With a Map and
Two Illustrations. Fep. 8vo. 7. Cd.

Pictures in Tyrol and Elsewhere.
From a Family Sketch-Book, By the

Author of ‘A Voyage en Zigzag,’ &ec. !

Quarto, with numerous Illustrations, 21s.

How we Spent the Summe S "Br, !
a Voyage en Zigzag in Switzerland and
Tyrol with some @dembcrs of thé ALpINE |

RN

CLus. From the S ¢gh-Book of one of the

Party. Third Edition, re-drawn. Inoblong !

4to. with about 300 Illustrations, 16s.

Beaten Tracks; or, Pen and Pencil
Sketches in Italy. By the Authoress of
¢ A Voyage en Zigzag.' With 42 Plates,
containing about 200 Sketches from Draw-
ings made on the Spot. 8vo. 16s.

Florence, the New Capital pf
Italy. By C. R. Wenn., Withseveral En-
gravings on Wood, from Drawings by the
Author. Post 8vo. 12, 6d.

Map of the Chain of Mont Blano,
‘;om an actual Stivey in 1863—1844, By
“A. Apabs-Reiry, .LRG.S. MAC. Pub-
lished under the Authority of the¢Alpine
Club. InChromolithography on extra stout
- drawing-paper 28in. x 17in. price 10s, or
mounted on canvas in a folding case, 123, 6d,

Australasian Colonies, Australia, Tasmania,

and New Zealand, from the Earliest Date to
I the Present Day. By WiLLiam [lowrrr.
|

i History of Discovery in our
I

With 3 Maps of the Recent Explorations
from Official Sources. 2 vols, 8vo. 20s.
The Capital of the Tycoon; a
Narrative of a 8 Years’ Residence in Japan,
By 8ir Rurmerrorp Arcock, K.C.B.
2 vols. 8vo. with numerous Illustrations, 42s.

The Dolomite Mountains, Excur-
i sions through Tyrol, Carinthia, Carniola,and
v Friuli, By J. GiuBerr and G. C. CHUR-
{ cumt, F.RG.S. With numerous Illustra-
i tions, Sqnare crown 8vo. 21s.

| ALady’s TourRound MontoRosa;
incliding Visits to the Italian Valleys.
With Mapand Illustrations. Post 8vo, 14s.

Guide to the Pyrenees, for the use

of Mountaineers. By Cnarnks PACKE.
With Maps, &c. and Appendix, Fep. 6s.
The Alpine Guide. By Joux BaLr,
M.R.LA. late President of the Alpine Club,
Post 8vo. with Maps and other Illustrations.
Guide to the Eastern Alps, [Justready.
Guide to the Western Alps, including
Mont¢ Blane, Monte Rosa, Zermatt, &c.
price'7s. 6. )
Guide to the Oberla.d and all Switzer-
land, excepting the Neighbourhood of
® Monte Rosa and the Great St. Bernard;
with Lombardy and the adjoining portion
of Tyrol. 7s.6d.
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The Ehglishma.n in India. By
CuARLrS Raikes, lsq. C.8.1. formerly
Commissioner of [ahores Post 8vo. 7s. 6d.

° .
The Irish in America. By Joux
Francis Macuire, M.P. for Cork. Post
8vo. 12s. 6d. *
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The Arch of Titus and the Spoils
of the Temple; an Historical and Critical
Lectuare, with Authentic Ilustration. By
Witnian Kxienr, MAA. With 10 Wood-
cuts from Ancient Remains. 4to. 10s,

.
Curiosities of Loondon; exhibiting
the mostgRare and Remarkable Objects of
Interest in the Metropolis; with nearly
Sixty Years’ Dersonal Recollections. By
Jonx Timps, F.S.A. New Ldition, cor-
rected and enlarged. 8vo. Portrait, 21s.
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Narratives of Shipwrecks of the
Royal Navy between 1798 and 1857, com-
piled from Offi Documents in the Ad-
miralty by W, (X 8, GrLLy ; with a Preface
‘by W. 8. Giury, D.D. 38d Edition, fcp. 5s.

Visits to Remarkable Places :
Old Halls, Battle-Fields, and Scenes illus-
trative of Striking Passages in English
History and Poetry. By WiLLiam Howrrr.
2 vols. square crown 8vo. with Wood En-
gravings, 25s.

.. The Rural Life of England.

By the same Author. With WoSdcuts by
Bewick and Williams. Medium 8v0.12s. Gd.

A Wogk at the Land’s End.
By J. T. BLiguT; assisted by E. I1. Ropp,
R. Q. Coucn, and J. Ranrs. With Map
and 96 Woodcuts. Fcp. 6s. 6d.

Works of Fiction.

®
'The Warden : a Novel. By Antmoxy
Trorrorg, Crown 8vo. 2s. 6d.

- Springdale Abbey :

Barchester Towers: a Scquel to ‘The

Warden.” By the same Author. Crown
8vo. 3s. Gd.

Stories and Tales by the Author

of ¢ Amy Herbert,’” uniform Kdition, each

Tale or Story complete in a single volume,

Amy HERBERT, 25.6d. | KATHARINE ASHTON,

GERTRUDE, 2s. 6d. 3s. 6d.

EAryL’s Daveurer, | MArGArer PErcr-
23, 6d. VAL, 5s.

ExrerikNck o¥ LIFg, | LAXeToN  PARSON-
2s. 6d. i AGE, 4s.6d.

Creve .HAm., 3s.6d. ; UrsuLa, 4s.6d.
Ivors, 8s. 6d. I

Extracts from
the Letters and Diaries of an ENcrisn
Preacuger. 8vo. 125

The 8Six S’ste:s of the Valleys:
an Historical Romance. By W. BraMury-
Moo, M.A. Incumbent of Gerrard’s Cross,
Bucks. Fourth Edition, with 14 Illustrations,
Crown 8vu. 5s.

- Tales froin Greek Mythology.

A Glimpse of the World. By the Author

of ¢ Amy Herbert” Fcp. 7s. 6d.

The Journal of a Home Life. By the '

same Author. Post 8vo. 9« Gd.

After Life; aScquel tothe ‘Journalof a Home

Life” Dy the same Author. Post 8ve.
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Gallus ; or, Roman Scenes of the Time
of Augustus: with Notes and Kxcursuses
illustrative of the Manners and Customs of
the Ancient Romans, From the German of
Prof. BEckkr. New Kdit. Post 8voy7s. 6d.

»

Charicles ; a Tale illustrative of Private
Life among the Ancient Greeks: with Not&
and Excursuses. From the German of Prof.
BECKER. New Edition, Post 8vo. 7s. 6d.
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By Grorck W. Cox, M.A. late Scholar
#° Trin, Coll. Oxon. Second Edition. Square
160, 3s. 6.

Tales of the Gods al
same Author, Se

Heroes. By the
Ldition. Fep. ds.

Tales of Thebes and Argos. By the same
Author. “Fcp. 4s. 6d.

A Manual of Mythology, in the furm of
Question and Answer. By the same
¢ Author. Fep. 3s.
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Cabinet Edition of Novels and
Tules by By G. J. WiyTe MELVILLE :—

: The Gladiators: a Tale of Rome and Judicn.

Crown 8vo. bs.
Digby Grand, 5s.
Kate Coventry,bs.
Generdl Bounce, 5s.
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Good Yor Nothing, 6s.
The Queen’s Maries, 6s?
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Moore’s Poetical Works, Cheapes.
Editions complete in 1 vol. including the
Autobiographical Prefaces and Author’s last
Notes, which a:. still copyright. Crown

+ 8vo. ruby type, with Portrait, 6s. or
People’s Edition, in larger type, 12s. 6d.

Moore’s Poetical Works, as ahove, Library
Edition, medium 8vo. with Portrait and
Vignettp 14s. or in 10 vols. fep, 3s. 6d. each,

Moore’s Lalla Rookh, Tenniel's Edi-
tion, with 68 Wood Engravings from
Original Drawings and other Illustrations.
Fep. 4to. 21s. ¢

Moore’s Irish Melodies, Maclise’s
Edition, with 161 Steel Plates from Original
Drawings. Super-royal 8vo. 31s. 6d.

Miniature 'Edition of Moore’s Irish
Melodies, with Maclise’s Illustrations, (as
above) reduced in Lithography. Imp.
16mo. 10s. 6d.

Southey’s Poetical Works, with .
the Author’s last Corrections, and copyright

Additions. Library Rditien, in 1 vol.

14s. or in 10 vols. fcp. 8s. 6d. each.

Lays of Ancient Rome ; with frry .

and the Armada. By the Right Hon. Lorn
MACAULAY. 16mo. 4s. 6d.

Lord Macaulay’s Lays of Anei
Rome. With 90 Illustrations on Wood,
Original and from the Antique, from
Drawings by (. Sguarr. Fep. 4to. 21s.

Memories of some Contemporary
Poets; with Selections fromdheir Writings,
By Exmuy Tavror. Royal 18mo. bs.

Bowdler’s Family Shakspeare,

heaper Genuine Edition, plete in 1 vol,
large type, with 36 Woodcut Illustrations,
price 14s. or in 6 pocket vols. 8s. 6d. each.

Shakspeare’s Schnets never be-
fore Interpreted ; his Private Friends iden-
tified; together with a recovered Likeness
of Himself. By GERALD MaAssEy. 8vo. 18s

Arundines Cami, sive Musarum Can-
tabrigiensium Lusus Canori. Collegit atque
edidit H, Prury, M.A. Editio Sexta, cu-
ravit H.J. Hobpesox, M.A. Crown 8vo.
price 7s. 6d.

Horw..a Opera, Library Edifion, with
Copious English Notes, Marginal References
and Various Readings. Edited by the Rev.
J. E. YoNGE, M.A. 8vo. 2ls.

' Eight Comedies of Aristophanes,
medium 8vo. with Portrait and Vignette, :

viz. the Acharnians, Knights, Clouds,
Wasps, Deace, Birds, Frogs, and Plutus.
Translated into Rbymed Metres by
LeoxArp-HAmpsoN Rupp, M.A. 8vo. 15s.

. The MAneid of Virgil Translated into

t .

Miniature Edition ofNord &acnulay’s i

Lays of Ancient Rome, with Scharf’s 1I-
lustrations (as above) reduced®in Litho-

graphy. Imp. 16mo. 10s. Gd.
Poems, By Jean INGELOW. Twelfth
Edition. Fecp. 8vo. 8s. B

Poems ﬁy Jean Ingelow. A New Edition,
with nearly 100 Illustrations by Eminent
Artists, engraved on Wood by the Brothers
Davzien.  Fep. 4to. 21s. \

A Story of Doom, and other Poems. By
JrAN INGELOW. Fep, bs.

Poetical Worke of Letitia Eliza-
Yeth Landon (L.E.L.) 2 vols. 16md. 10a.

Playtime with the Poets : aSelec-
tion of thie best English Poetry for the use
of Children. By a LApy. Crown 8vo. 5s.

|

English Verse. By Jounx CoNINGTON,
M.A. Corpus Professor of Latin in the Uni-
versity of Oxford. Crown 8vo. 9s.

The Iliad of Homer Translated
into Blank Verse. By lcrmanop CuaRrLES
WriaHT, M.A. 2 vols. crown 8vo. 21s.

The Iliad of Homer in English
Hexameter Verse. By J. 1IgNrY Darr,
M.A. of Exeter College, Oxford. Square
crown 8vo. 21s.

Dante’s Divine Comedy, translated
in English Terza Rima by JouN DAYMAN,
M.A. [With the Italian Text, after
Brunetti, interpaged.] 8vo. 21s.

«
The Holy Child. A Poem in Four
Cantgs; also an Ode to Silence, and other
Poems, By 8. JENNER, M.A. Fep. 8vo. 5s.

Roetical Works of John Edmund
Reade; with final Revision and Additions.
8 vols. fcp. 18s. or each vol. separately, 6s.



Rural Sports, &c.

Enocyclopeedia pf Rural Sports
& Complete Account, Hfstorical Practl f
and Descriptive, of N Sh
Fishing, Racing, &c. By D. P. Bramz.
‘With above 600 Woodcuts (20 from Designs
by Joux LeecH). 8vo. 42s. R

Col. Hawker’d Instructions to
Young Sportsmen in all that relates to Guns
and Shooting. Revised by the Author’s Sox,
Sqguare crown 8vo. with Illustrations, 18s.

The Rifle, its Theory and Prac-
tice. By AwrrEUR WaLkEkr (79th High-
landers), Staff, Hythe and Flectwood Schools
of Muskétry. Second Edition. Crown 8vo.
with 125 Woodcuts, bs.

Juidey a of the Gun,

"I'Dog-breaking, Plgeosds: - i, &c. By
MAukgmAN. Fop. with I - . 53,
A Book on Anglint b. nga Com-

piote 'l‘nntlm on the Art . Angling in
g g {Jll IEDexRed

ook of Ang-
ling: Taaching’ Fly- g, Trolling, Bot-
tomsfiching, BSelmop-ishing ; with the
Natnra{ Bmof River Fish. Fep. bs.
The ¥ly- Fisher’s Entomology.
By ‘Al#nrp’ TovALps. With coloured

ci:t:1i fonn of the Natural and Artifi-

cial Toget o Sixth Edition; with 20
coloured. Pl .ces.  8vo. 145,
‘Younit on the Horse. Revised and
enlarged by W. WaTsox, M.R.C.V.S. 8vo.
with numerous Woodcuts, 12s. 6d.

Youatt on the Dog. (By the same Author.)
8vo. with numerous Woodcuts, 6s.

:L e Doud Shat,or Sport‘s'man s Complete

and the Science Jf the Game of Cricket. By
James PyororT, B.A. 4th Edition, Fep. 5s.

Phe Horse-Trainer’s and Sports-
man’s Guide: with Considerations on the
Duties of Grooms, on Purchasing Blood
Stock, and on Veterir®y Examination.
By Diany CorLrins. Post 8vo. 6s.

Blaine’s Veterinary Art: a Trea-
tise on the Anatomy, Physiology, and
Curative Treatment of the Diseases of the
Horse, Neat Cattle, and Sheep. ¥ Seventh
Edition, revised and enlarged 3y . StExL.
8vo. with Plates and Woodcuts, 18,

On Drill and Mancuvres of
Cavalry, combined with Horse Artillery.
By Major-Gen. Micnart W. Smrrn, C.B.
8vo. 12s. 6d.

The Horse’s Foot,and how to keep
it Sound. By W. MILES, Esq. dition,
with Illustrations. Imp. 8vo. Vs, 6u.

A Plain Treatise on Horse-shoeing. By
the same Author. Post 8vo. with Illustra-
tions, 2s. 6d.

Stables and Stable Fittings. By the same.
Imp. 8vo. with 13 Plates, 15s.

Remarks on Horses’ Teeth, addressed to
Purchasers. By the same. Post 8vo. 1s. 6d.

The Dog in Health and Disease.
By SroNenENGE. With 70 Wood En-
gravings. New Ldition. Square crown
8vo. 10s. 6d.

The Greyhound. By the same Author..
Rovised Edition, with 24 Portraits of Grey~
Rounds. Square crown 8vo. 21s.

The Cricket ijield; or, the History

- The Ox, his Diseases and their Treat

ment; with an Essa Parturition in the
Cow. By JVR. Dc¢#8oN, M.R.C.V.8. Crown
8vo. with’Illuatraﬁons. 7s. 6d.

Commerce, Navigation, and Mercantile Apuirs.

Banking, Currency, and the Ex-

changes: a Practical Treatise. By ArRTHUR
CruMp, Bank Manager, formerly of the
Bank of England. Post 8vo. 6s.

The Elements of Banking) By
Hexry DusniNg MacLeon, MA. of Tri-
nity College, Cambridge, and of the Tnuer

Temple, Barrister-at-Law. Post 8vo. B
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The Theory and Practice of
Baukingz. By HeNrY Dunxine MacLrob,
M.A. Barrister-at-Law. Second Edition,
entirely remodelled, 2 vols. 8vo. 30s.

Rl

A Didtionary, Practical, Thex-
retical, and Historical, of Commerce and’
Com&:ercml Navigation. By J. R. M‘Cur-
rocr. New Edition in ths press.”
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Elements ot Malitime Inter-

national Law. By Wiyg.iam De BurcH,

B.A. of the Inner Temple, Barrister-at-Law

8vo. e‘

Papers on Maritime Legislation;
with a Translation of the German Mercant
tile Law relating to Maritime Commerce.
By ErnsT EMIL WENDT. 8vo. 10s. 6d.

~ Practical Guide for British 8hip-

masters to United States Ports. By Pier-
REPONT EDWARDS, Her Britannic Majesty’s

YVice-Consul at New York. Pos'l‘: 8vo, 8s, 6d.

The Law of Nhtions Considered
as Indepeadert Political Communities. By
-, TRAVERS 'hvus, D.C.L. Regius Professor
‘of Civil Law in 'the University of Oxford.
*2 vols..8vo. 80s. or separately, PART I. Peace,
¥2s. Parr I1. War, 18).

A Nautical Dictionary, de
the Technical Languagh relative to the
Building and Equipment of Sailing Vessels
and Steamers, &c. By ARTHUR Youxa.
Secoftd Edition ; with Platesand 150 Wood-
cuts. 8vo. 18s.

Works of Utility and

Modern Cookery for Private '
Families, reduced to a System of Easy ‘
Practice in a Series of cnret’ully-tested !
Receipts. By ErLiza Acron. Newly re- .

vised and enlarged; with 8 Plates, Figures, .
and 160 Woodcuts. Fcp. 6.

On Fooit..and its Digestion ; an

w=zutroduction to Dietetica. By W. BRINTON,
M.D. Physician to St. Thomas’s Hospital,
&c. With 48 Woodcuts. Post 8vo. 12s.

‘Wine, the Vine, and the Cellar.
By THoMAS G. SHAW.. ond Edition,
revised and enlarged, with Frontispiece and
31 Ilustrations on Wood. 8vo 16s.

‘A Practical Treatise on Brewing;
with Formule for Public Brewers, and In-
structions for Private Families. By W.
Brack. Fifth Edition. 8vo. 10s. 6d.

How to Brew Good Beer: a com- !

plete Guide to the Art of Brewing Alg, |
Bitter Ale, Table Ale, Brown Stout, Porter,
and Table Beer. By Joux Prrr. Revised
Edition. Fep. 4s. §d.

The Billiard 5. By Captain |
CRAWLEY, Author of ¢ Billiards, its Theory
and Practice,’ &c. With nearly100‘Diagrams
on Steel and Wood. 8vo. 21s.

’W'h.ist ‘What to Lead. By CAu. ;
Third Edition. 32mo. 1s.

The Cdbinet Lawyer; 2 Popnlu \

Dlsest England, Civil,

i 1. 23rd Edition,
enurely recomposed and brought down by
the AUTHOR to the close of the Parliamen-
tary Session of 1867. Fcp. 10s. 6d.

The Philosophy of Health; or, an
E tion of the Plyysiological and Sanitary
{nditions conducive to Human Longevity
and Happiness. By SBourawoop SkiTs,
M.D. Elcventh Edition, revised and en-

of the Lawn .°f

larged ; with 118‘Woodcuts. 8vo. 7s. 6d.

t
General Information.

A Handbook for 'R“..».tm pit £ 1)
British Museu- ‘o:oau JreHOT S,
Post 8vo. 6s.

Hints to Mot4

ment of their .ifeall

Author. Tep. bs. -

Notes on Koaptﬁﬂb- B FrosgENCE
NIGHTTA¢ALM, - Third Editlon,, ~enlarged ;
with 13 Pfane, . Postlto, 18s.

The Txecutor's Gaids,’ B; J.C.
1un-on, yBrlarged Edicion; revised by the
Avinor, vith rcférence to thelatest keported
Cases an &m uf Parlizment. li'up. Gs.

he LSW* «Falating  to Bepeflt

"ahimln‘ 8oc, - 4-a5 with Practical Qlser-

yntiong on tho A tan. I'the Casoa dectiled

“thereon. als . « Eornd of #ules and Forir of

Mortgages. By W. Tivw DI'sats, Buasister.

2nd Edition. Fcp. 3s. 6d.

‘Willich’s Popular Tables for As-
certaining the Value of Lifehold, Lease-
hold, and Church Property, Renewal
Fines, &c.; the Public Funds; Annual
Average Price and Interest on Consols from
1781 to 1861 ; Chemical, Geographical,
Astr ical, Trig rical Tables, &c.
Post 8vo. 10s.

| Decimal Interest Tables at Twenty-

four Different Rates not exceeding Five per

Cent. Calculated for the use of Bankers.

To which are added Commission Tables at

One-eighth and Oae-fourth per Cent. By

J. R. Courrnart. New Edition. 8vo. 15s.

Maunder’s Treasury of Enow-
ledge 4d Library of Reference: comprising
an English Dictionary #nd Grammar, Uni-
versal G Classical Dictionary, Chro-
dblogy, Law Dictionary, Synopah of the
Peerage, useful Tables, &c. Fep. 10s. 6d.
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