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SPALLANZANL- 12

philosopher of Geneva, and adopted the
principles of his philosophy; as well as the
method employed by him in the investiga-
tion of truth., He was principally struck
with the enlarged ideas of Bonnet respect-
ing the generation of organised beings ; and
he explored nature, during a long period,
for proofs of the existence of germs pre-
viously to fecundation, which he was at last
enabled to demonstrate. Spallanzani glo-
. ried in being the disciple of Bonnet; he
meditated continually on the valuable works
published by this greﬁt man, and he con-
stantly consulted him in all hisundertakings.
He published, in 1770, the first two volumes
of his Opusculi di fisica animale & <vegeta~
bile, which form the exposition of a part
of the microscopic observations which he
had already published.
" The art of observing, if it is of all arts
the most difficult, is at the same time the
most necessary. It implies the greatest
portion of intelligence and mental resources
in the observer, Hence, though every
c2
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no reply, by a series of new facts, that, in
general, what has been once well observed
may always be seen again; but that we
never can re-discover what we content our=
selves with imagining.

I shall not remark upon the rigid logic,
and the amiable politeness, displayed by
Spallanzani in his refutation; the art with
which he demonstrates to Needham the
cause of his error, by shewing him, that
infusions of animal and vegetable substances
exposed to an intense heat in vessels her-
metically sealed produce no moving being;
so that the animalcula observed by Need-
ham, in his infusions, were not the pro-
ducts of those substances themselves, but .
had been conveyed thither by the air which
contained their germs, In this excellent
work we always learn, that the animalcula
of infusion have their germs like other
animals; and that there are some of them
which, like some eggs and seeds, resist the
heat of boiling water. Here he takes oc-
gasion to treat of the influence of cold on




















































































50 LIFE OF~

the clearness of its explanations, and the
generality of its results, very soon engaged
him to embrace it in preference to the old
system, which consisted merely of detached
facts, without any concatenation; and he
anticipated, with satisfaction, the triumphs
it would quickly obtain. I recollect that,
when Gottling published his experiments
on the combustion of phosphorus in azot, I
communicated to Spallanzani an account
of their results, and my doubts of their
accuracy :  surprised at this unexpected
attack on one of his favourite opinions, he
resolved to try the temper of the weapons
which had been levelled against them ;
and he published, in the year 5, his Che-
mico esame degli esperimenti del signor Gott-
ling proffessore a Fena, which he dedicated
to me, and in which he completely invali-
dates the conclusions of this chemist, by
overthrowing the facts on which they were
founded. He clearly established that the
brilliancy of phosphoric light is always in
proportion to the quantity of oxygen gas




























































10 LETTER ON

In each of these experiments not only
the usual proportion between the oxygen
and the azotic gas was destroyed, but a
certain quantity of carhonic acid gas never
failed to be produced. Could this gas be
the result of the oxygen having entered
into combination with the carbon of the
animal fibre? But, then, it was evident
that the animals could not, absorb the base
of the oxygen gas which they consumed.
This reasoning acquired additional strength .
from the following circumstance: when
the animals were confined in pure oxygen
gas, in place of common air, the consump-~
tion of this gas was more considerable in
proportion to the carbonic acid gas pro-
duced. |

This observation, however, did not ap-
pear to me decisive, since it was possible
that the unusual production of carbonic
acid gas might proceed from a greater por-
tion of carbonic acid being disengaged from
the animal fibre, by means of the additional




































82 LETTER ON

I first wished to ascertain if, when re-
spiration was suspended in these animals,
there would be any production of carbonic
acid from the skin; for which. purpose I
substituted azotic for carbonic acid gas. I
then placed in this gas two bats, the ther-
mometer standing at 9°, and allowed them
to remain in it about two hours; after which
I gradually removed them into a warmer
medium, when they exhibited evident signs
of life; but I could discover no carbonic
acid gas in the azotic gas, from which I
was led to conclude that the temperature
was too low for the exhalation of this gas.
I repeated these experiments at different
temperatures successively raised to 31°
when 13- of carbonic acid gas were pro-
duced, although the torpidity of the animals
was equally great.

In this state of things I repeated the ex-
periments under similar circumstances, only
removing the bats into another vessel filled
with atmospheric air; when I found not
only the production of 5% hundredths of
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RESPIRATION. 81

belonged to the land and water testacea,
I have been able to estimate the proportion
of oxygen absorbed by the animals alone, as
well as that taken in by the shells when
separated from them ; only I remarked that
the absorption was carried on by the shells
much more slowly than by the animals
themselves.

In the course of these experiments, ana-
logy suggested the idea of a body which,
although of a different kind, nevertheless
appeared to merit attention. The shells of
the testacea are formed of two different
substances, calcareous earth and animal
matter. The shells of the eggs of birds
being formed in a similar manner, is it not
therefore possible, or rather probable, that
this absorbent power resides wholly in these
external membranes? which I found to be
the case in all the eggs I subjected to expe-
ment. And as I have shewn that a portion
of the vital air absorbed by the shells of the
testacea passes into the animals contained in
them, it may probably assist in their pre-
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phers differ in opinion respecting several
circumstances connected with thisimportant
function, although they had carefully at-
tended to it in man, as well as in a few
other animals. Their labours certainly
merit the greatest attention; yet I will ven-
ture to affirm that such discordant opinions
might have been easily reconciled, had they
extended their researches to a greater num-
ber of the different classes of animals, and
especially to those which form the last link
in the chain of animated beings. I am -
even of opinion that it is Wlth these, as be-
ing more simple in their nature, they ought
to have begun their experiments, and pro-
ceeded as it were step by step, from genus
to genus, and from class to class, until they
arrived at those animals possessing a more
complicated structure, in order ultimately
to succeed in attaining a perfect knowledge
of the mechanism of respiration in man.

It must be admitted as a maxim by all
thinking men, that it is proper in their in-
vestigatiu_ns to begin with the study of the

i
-



RESPIRATION. 79

most simple objects, in order to attain an
accurate knowledge of those which are the
most complicated and obscure. Thus, on
the subject of respiration, it may readily be
perceived that new, valuable, and diverfified
knowledge may be obtained, by extending
our views towards different genera of ani-
mals, even when the organisation of their
respiratory organs is not extremely dis-
similar.

Attracted by the beauty and importance
of this subject, and animated by the hope
that my researches into this branch of ani-
mal physiology would not prove altogether
uninstructive, I determined to make it the
object of my immediate examination ; and
1 will not conceal that it has chiefly occupied
my time during a period of three years.
I had been formerly employed in the study
‘of other branches of physiology ; what I
published at different times on the repro-
duction of animals, on the circulation of
the blood, on the generation and digestion
of man and animals, is sufficiently known

H &
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to embolden me to present these Memoirs
to the public, on a subject 80 analugous to
my former labours.

I propose, then, to examme these four
principal points.— |

1. The respiration in the six classes of
animals, beginning with the lowest and
gradually ascending to the highest, which
comprehends the mammalia, and conse-
quently man himself,

2. The respiration in those animals ren-
dered torpid by cold. It is well known
that the air is deteriorated by respiration ;
but how is this deterioration produced by
the agency of those animals. which de
not respire, or are destitute of respiratory
organs, of which there are a very great
number ?

3. I have been led, in the course of these
investigations, to endeavour to discover if
the skin of those animals, which are not
possessed of respiratory organs, produce
the same alteration in the surrounding air.

4. Finally, having observed that the air
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lungs of worms, insects, and fishes. This‘
double class live not only in the air, but
they can also live, for some time, under
water; so that they present a two-fold
series of different experiments to be made.
It would first be necessary to observe the
changes which the respiration of these
animals effects in the air, when they live
on land ; being careful, however, in the
next place, to examine the changes which
this fluid undergoes when confined in their
lungs, and when they are compelled to
remain under water ; because, though these
animals sometimes expel from their lungs,
during their immersion in the water, the
air which they had inspired, they neverthe-
less then frequently retain it in that organ;
and it is not uncommon, at that time, to
find the lungs of the animals inflated after
their death, though it may have been occa-
sioned from preventing the renewa] of the
air by respiration.

Birds and quadrupeds, which are the
~ most perfect of animals as to the organisa-
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measured with accurate thermometers,
became, in this case, an important object
of observation. It was requisite to ascet-
tain whether the action of the lungs, the
motion of the heart, and the®irculation of
the blood, were merely weakened, or
whether these functions were totally sus-
pended. It was necessary to observe
whether there was any chink, any opening,
which might afford a passage for air into
the retreats of these sleeping animals, so

as to sustain life ; or whether every mode

of communication was shut. Such were
the nice researches which I rapidly exe-
cuted at those fortunate moments.

Having noted down, on the spot, the
low temperature to which these profoundly
sleeping animals were exposed, I made
them be carried home, where I artificially
subjected them to the same degree of le-
thargy which they might have expe-
rienced when I found them. I made
different experiments on them, relative to
respiration ; but as, notwithstanding my
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that, among the multitude of animals be-
numbed by the cold, there are different
species in which, during the whole of
spring, the two vital functions which
appear the most energetic remain suspend- -
ed;—namely, respiration, and the motion
of the heart with the circulation of the
blood. Accordingly I was less liable to be
astonished when I saw different kinds of
these animals, which were in a state of
complete torpor, continuin? to live as well
in the most deleterious mephitic gases as in
common air—such, in particular, were the
bat, the muscadine rat, and the marmot.
In the enumeration of living lethargic
animals which will form the subjects of my
experiments, I have not mentioned birds
and fishes. With regard to birds, I have
already shewn, in another work, that they
do not fall into this state, when exposed to
an equally intense cold, though such had
been the supposition with respect to a
species of swallow®. As to the second

* Travels in Sicilys
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having spoken generally of lethargic ani-
mals, without distinguishing the cold-
blooded from the warm-blooded, though
their differences may be very essential,
then, instead of placing all these animals, as
Buffon has done, in the class of cold-blood-
ed animals, I have been the first to shew
that those viviparous quadrupeds -called
cold-blooded —such as marmots, muscadine
rats, hedge-hogs, &c,—are actually warm-
blooded animals.

Hitherto we have been considering such
animals as have lungs, or analogous organs.
All of them, indeed, seem to be divided into
different branches, from the mammiferous
to the vermicular; not but that in the latter
there is a number of species, partly aquatic
and partly terrestrial, in which the most
subtle anatomy has not been able to disco-
ver even a vestige of respiratory organs.

But as we shall shew that all the breath-
ing animals require the oxygen gas of the
atmosphere for the purpose of sustaining
life, and as this oxygen gas is exhausted in
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between the external air and that of the

receiver.

- I could not make use of those kinds of
insects which have their stigmata or the

orifices of their lungs on both sides of their

bodies, because I was aware of their dying

the moment their stigmata were besmeared

with oil, or any other greasy substance,

I therefore had recourse to those which

breathe at the extremity of the tail, and
which Reaumur called rat-tailed vermes,
This class, though they live in the water,
keep the point of their tails above the sur-

face, in order to enjoy the benefit of the

atmospheric air. By tying their tails tight

- with a fine silk thread, I deprived them of
this benefit, and, by this means, ascertain-
ed that the external surface of their bodies
destroyed a part of the oxygen of the
atmospheric air ; although this destruction
was more considerable when the action of
the respiratory organs remained unimpeded

I'was thus enabled to compare, with preci-

sion, the proportion of the oxygen gas
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destroyed by repiration, and that destroyed
by the cutaneous membrane. i

By the employment of similar means,
but accommodated to the nature of fishes,
it was not difficult to suspend the respira-
tion of some of these animals without
injuring their gills; and I was able to ascer-
tain that this class likewise consume oxy-
gen, not only by their gills but also by the
surface of their bodies.

As serpents respire by the mouth, it was
easy to confine their bodies in long tubes
filled with air, leaving their heads freely
exposed ; their skin, however, although
covered with scales, likewise absorbed
oxygen gas, but in a much smaller quantity
than that which was taken in by the lungs
during respiration.

- Oviparous quadrupeds were well calcu-
lated for the purposes I had in view. With
some address, it was.easy completely to
cut out their lungs, yet they nevertheless
continued to live for allbnger or shorter
period. This circumstance enabled me to
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respirant animals ; I shall only farther ob-
serve, that, whether they remained during
a longer or shorter time in a given quan-
tity of atmospheric air, it was wholly
deprived of its oxygen gas: but is this
destruction of the vital part of the atmo-
sphere produced by the absorption of the
base of the oxygen gas by the animal body,
or only by a carbonaceous principle escaping
from the skin of the animal which com-
bines with this oxygen gas? This question,
which I conceived it necessary to investi~
gate with the greatest attention, naturally
presented itself to my mind, because in
cach of those experiments I always found
more or less of carbonic acid gas. The nu-
merous facts which I shall relate incline me,
however, to believe with confidence, that
the base of the vital air is actually attracted
and absorbed by the skin of animals,

In the following experiments, in place
of the expression destruction of oxygen gas,
I shall employ that of absorption, as being
less general, and more conformable to truth,
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without shells, answer, in his opinion, the

purpose of excellent eudiometers, since they

possess the power of separating, with the

greatest accuracy, the oxygen from the azo-

tic gas; and, consequently, of determining

the constituent principles of atmosphericair.
§ 111.

As these two beautiful and interesting
discoveries were well calculated to rouse
my curiosity, I became anxious to ascertain
if they would be verified in other kindred
species. I was not able, during this ex-
tremely cold season, to find the Limax,
Linn., or the naked snail; but I happened
to discover some of those species provided
with shells: at first, I met with Helix ne~
moralis, L.LINN., which multiply abundantly
in the fields and gardens around Pavia.
This species was perfectly familiar to me,
from havingl made some observations of a
different kind upon them during the pre-
ceding winters, as well as from having
amputated the heads of several of them,
every spring, in order to shew my studeats,
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dite: it is oviparous; and, during the firié
seasoni, lives on the surface of the earth;
where it is nourished by vegetables ; but
at the approach of winter it buries itself
under the ground, where it remains until
the commencement of spring.

In October this animal enters the earth,
and shuts the aperture of its shell with a
very thin membranaceo-calcareous oper=
c¢ulum, white in the outside and yellow
within. It temains immoveably fixed in
this situation until the beginning of April,
at which time it awakes from this kind of
torpor ; ‘and, animated. by a mild atmo=
sphere, seeks the light as much from a
sense of hunger as from a desire to propa=
cate its species.

“ § vr.

During winter these snails are constantly
found from one to fourinches under the
surface of the earth; at which time the
operculum is closely shut, and when they
retire from their hole the opening is usually
turned downwards, It is commonly around
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expire the air as usual: at each inspiration
the lungs were inflated for some time, but
became colapsed and wrinkled on the suc~
ceeding expirations ; in snails, however,
the inspirations and expirations do not suc-
ceed so rapidly as in warm-blooded animals.
If we blow through a small tube introduced
into the hole, which I shall hereafter de-
scribe, the lungs become so much extended
as to contain an air-bubble of a pretty
large size.

Through the pulmonary membrane the
motion of the heart can be readily observed ;
and, on cutting this membrane lengthwise,
we perceive that this organ is so placed as
to be continually surrounded by the air that
is respired by the lungs.

; § x11.

Besides the other proofs I shall shortly
offer in confirmation of the opinion, that
this air is necessary to the existence of
these snails, it may be rendered manifest
by this circumstance alone, that they perish
at the end of some days in the exhausted
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them in four inches of atmospheric air,
after they had been washed in water and
again dried. At the termination of six
days, I examined the air, and found it
deprived of its oxygen gas, of which I
fully satisfied myself by the combustion of
phosphorus. |

This unexpected result induced me to
repeat and verify these experiments. I
employed three tubes, each of which con-
tained four inches of air, and six shells, in
order to observe the progressive diminution
of the oxygen gas. At the end of two
~days, the air in one of the tubes contained
only 124 hundred parts of oxygen gas ; at
the end of four days, the air of the other
tube gave only 6 hundred parts; and, atthe
end of six days, the air in the third tube was
totally divested of it, and the phosphorus
burnt in it only a few minutes.

It was by mere accident that I possessed
these shells, which had been eighteen
months deprived of their inhabitants ; but,
from this experiment, I concluded, without
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any hesitation, that the shells of land snails,
though for several years untenanted, would
. continue to absorb oxygen gas.

§.x5.

The shells to which I have hitherto
alluded, though pretty old, were in very
good preservation ; and, on comparing
them in all respects with other recent shells,
I found that they still retained their natural
colours, thickness, solidity, and weight.
It should hence seem that their organisa~
tion had not been impaired. I conceived,.
however, that the only property of organ-
isation which they retained was that' of
destroying oxygen gas ; and yet, unless I
was mistaken, it would follow, that shells
more or less disorganised must have lost this "
power in proportion to the degree of their
disorganisation. It was easy to convince
myself of this fact.

In the garden where I had been accus-
tomed to procure my snails, there were some
- shells the inmates of which had been long
dead, and which exhibited very perceptible

N 2
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snail-shells has, hitherto, been supported
only by the analogical reasoning of Heris-
sant, in regard to the shells of other testa-
~cea (§ xxxviI), and the preceding experi-
ments appeared to confirm it. I thought
it necessary, however, to give a direct
demonstration of the fact, by availing my-
self of the no less simple than ingenious
process of this penetrating anatomist—that
of decomposing the shelis by means of the
diluted nitrous acid. After this decom-
position, the eﬁrthy part of their texture
remains entire, and the truly animal part
becomes palpable.
§ xLin

I accordingly put some small pieces of
these shells into the diluted nitrous acid, so
as that the effervescence produced by the
extrication of the carbonic acid was incon-
siderable, and the basis of the latter free,
having been disengaged from its combina-
tion with the carbonate of lime, and dis-
solved by the caloric. In this state only
very small gaseous bubbles were formed,
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almost all of which proceeded from the
convex surface of the shell. A few issued
from the concave surface, when the nitrous
acid was not so much diluted ; but in that
case it was impossible to accomplish the
object of my experiment, on account of the
great number of the bubbles of the carbonic
acid, and.the impetuosity of their escape,
which destroyed the consistence of the shell
and reduced it into small fragments.
§ xL1v.

Having taken the shells out of the nitrous
acid, at the expiration of four-and twenty
hours, and washed them in water, I found
that they were really composed of a pure
earthy substance, joined to a membrane of
a fine, uniform, and transparent texture,
which covered the external surface. This
membrane came off entire; and, on apply-
ing it to the flame of a candle, it afforded
the characteristic signs of animal matter,
by its smell of burnt horn, and its reduction
into a black and carbonaceous pulverulent
substance.
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there are other organs in the animal which
produce the same effect.

| 9. The shells themselves of these snails
destroy the oxygen gas, and continue to
do so long after they are deprived of their
inbhabitants.

10. The shells lose the property of de-
stroying the oxygen gas in proportion to
their disorganisation.

11. The carbonic acid gas produced is
in proportion to the destruction of the
oxygen gas. L

. There is a more or less sensible
degree of humidity in the vessels in whxch
the snails are confined.

§ xLvin

In describing the chemical alterations in
the atmospheric oxygen gas, produced by -
the confinement of snails in common air, I
have employed the general expressions of
the destruction, the loss, or the disappear-
ance, of this gas; because, in the different
analyses which I have made, it has actually
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gas issued completely formed from the

bodies of these animals. |
The most convincing proof that a portion

of the oxygen unites with the blood, on

being received into the lungs of living .

respiratory animals, is derived from the
experiment which shews that blood brought
into contact with the oxygen gas assumes
a lively red colour. '

The blood of snails is not exactly similar
to that of warm-blooded animals. It can-
not, however, be denied that a part of this

oxygen is absorbed by their bodies, and the

argument drawn from this consequence
affords an incontrovertible proof of it.

It sometimes happens that these worms
on being released from their confinement,
whether in atmospheric air or in some
mephitic gas, exhibit all the appearances of
certain death, though they are not really
dead, but gradually recover their former
vigour in the open air. This effect is pro-
duced by the renewal of the air, or, to speak
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I then saw that it was necessary to
subject the snails to a milder temperature,
such as that of a stove which raised the
heat of the apartment to about 9 degrees.
Very few of the snails detached themselves
from the glass tube, even at this tempera-
ture ; but I could already perceive, from
the elevation of the mercury, that the
enclosed air was in the course of alteration.
An experiment made on the contents of
two of the tubes clearly shewed that the
column of air diminished, and conse~
quently that the oxygen gas began to be
destroyed and the carbonic acid gas to be
- produced.

§ LIx.

Finding that the success of .the experi-
ment was so easily evinced, whilst I was
preparing several tubes with snails attached
to them by the operculum, as in the pre-
ceding instances, I took an equal number of
other tubes, of a larger size, having their
upper extremities hermetically sealed by
means of a blow-pipe, and, after pouring
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perfectly conformable to what is known of
the animal economy ; at least, we may
readily suppose that these worms throw off
from their bodies a greater quantity of hy- -
drogen and carbonic acid than from their
shells, and that more of the oxygen is ab-
sorbed by the animal bodies, than by the
shells which cover them.
§ Lxn
The snails, which furnished the results
that I have just related, remained alive at
the conclusion of the experiment. Itis
very remarkable that two of them had con-
sumed the 20° of oxygen gas, which, as
being the usual proportien contained in
atmospheric air, was all that these animals
“could destroy. |
I afterwards discovered, by some new ex-
periments, that the shells destroyed thewhole
of the oxygen gas, if they were enclosed a
longer time than the worms in the same air.
. § LxI1,
It cannot be doubted, that these snails,
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after having lost their opercula, decompose
the common air at a certain temperature,
and that no decomposition takes place
when these opercula are entire, as I have
shewn in the experiment made with the
small tube, at least while the thermometer
stood at the eighth degree (§ rvriir). I
may then observe, that to the tenth degree
the destruction of the oxygen gas was evi-
dent, as well as the production of the car-
bonic acid gas, by the snails the opercula of
which were wanting, and that in both cases
they became greater at a higher tempera-
ture; only the destruction of the azotie
gas did not always correspond with that in
the two preceding cases, since I have more
than once found the whole eighty degrees’
remaining, On the contrary, in descend-
~ ing from 5%° of the thermometer even to
0, the commoen air underwent no change
whatever, only the pulsations of the heart
in these snails became slower. and less
frequent, and wholly ceased at the 1° of the
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thermometer ; consequently, the circulation
was then suspended. |

These observations agree with those
which I delivered at § xx11 and § xxi11,

when I spoke of the common garden snafl.
e § LxIIL.

The experiments made on those snails
convinced me that they consumed the oxy-
gen gas after the extinction of vitality
(§ xxx111); from which it might be pre-
sumed that the Portugal snail would produce
the same effect, but it was necessary to
submit this conjecture to the test of experi-
ment. With this intention 1 killed them,
as I had done the common garden snail, by
means of boiling water; but, in making
these experiments on dead snails, I did not
omit to extend them to others which were
living, in order to ascertain the difference of
the results, which I am here about to detail.

In a given time, the living snails destroy-
ed more of the oxygen gas than the animals
which had been killed ; although, by pro-
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tracting the confinement of .the latter, they
at last wholly consumed the oxygen gas.
| ' § Lxiv. |

If, instead of confining these dead snails
in an atmosphere of common air, I plunged
them into pure oxygen gas, in a given time
the destruction of this gas was much more
considerable ; but the consequences result-
ing from this fact appear to me so very
important, ‘that I conceive it necessary to
enter into the detail of them.

I enclosed six snails in eight inches of
oxygen gas during seven days : at the end
of this period I examined the air, which
was reduced to two inches, but it did not
contain the smallest quantity of oxygen gas,
consequently the eight inches of oxygen
gas were wholly consumed. This result
furnished by the Portugal snail perfectly
agrees with that exhibited by the common
garden snail, when it was confined in pure
oxygen gas: nine of them enclosed in
fifteen inches of this gas wholly consumed
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we compare the inconsiderable production
of carbonic acid gas with the very great
quantity of azotic gas obtained: in the
first experiment, however, instead of fifteen
inches of oxygen gas which had disappear-
ed, there was % of an inch of carbonic acid
gas ; and, in the second, -y inch, alihnugh
eight inches of oxygen gas had been con-
sumed. Besides, the carbonic acid gas
which appears during respiration, as well
as in these experiments, seems rather to be
the product of carbonic acid pre-existing in
the mass of animal humours, according to
the opinion of Lavoisier, which I shall
shortly confirm by additional proofs.

We must then conclude that, notwith-
standing the great quantity of this oxygen
gas, its base has been absorbed by these
worms. If this absorption take place in
the dead body, we have greater reason to
suppose that it will be carried on during
the life of the animal, which I have proved
to be the czse; thus, for example, it has
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this carbonic acid present in great abund-
ance: I believe I am also able to furnish a
direct proof that this acid passes from the
stomach into the blood and the otheranimal
fluids ; but that it is afterwards given out
during respiration, and by the external sur-
face of the body.

According to this hypothesis it is evldent
that animals after a full meal should furnish
a much greater quantity of carbonic acid
gas than when fasting, or enfecbled by long
abstinence.

Several experiments which I undertook
with this view, on a great number of warm-
blooded animals, demonstrate this truth, as
will appear in the sequel. At present I
shall confine myself to the common garden
snail, and to those of Portugal which
remain buried, during winter, in the
ground ; and which, on leaving their shells
in the spring, devour their food in abund-
ance, and with great avidity. This cir-
cumstance was extremely favourable to my
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cave and opposite surface of the shell.
These two membranes possess all the cha-
racters of an animal substance.

Before leaving this subject, I must exa-
mine the calcareous operculum. Its infe-
rior surface is of a pale yellowish colour ;
and the superior white, when freed from
the earth with which it is always covered,
since, in order to observe the operculum in
its natural situation, it is necessary to dig
the snails out of the ground.

The operculum is somewhat hard, and
about the third of a line in thickness; in
breaking it falls into small pieces, nearly
like the shells of hens’ eggs : it is somewhat
convex externally, and concave within ;
on detaching a membrane, with which this
cavity is lined, we perceive the calcareous
substance. |

All these circumstances may be ascer-
tained without the aid of the nitrous acid ;
but when we employ this acid diluted with
water, according to the method of Heris-
sant, an effervescence immediately takes
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place, in the same manner as from the shells,
and which proceeds from the same cause ;
the calcareous matter being dissolved, we
observe asecond membrane finer and much
more subtle than the other.

These opercula, like the shells, are there-
fore composed of two substances ;—the
one calcareous, the other membranous.
It did not occur to me to examine whether
these membranes occasioned any decompo-
sition of oxygen gas, but analogy induced
me to believe this would be the case.

This operculum is not the only one by
which the aperture of the shells is closed ;
. on removing it, a second is discovered,
somewhat more interior, which is very thin
and transparent ; it 1s not calcareous, but
wholly composed of extremely thin mem-
branous laminz, which may however be
readily separated.

This operculum shuts the opening of the
shells, but does not intercept the passage of
the air: in order, however, to give greater
precision to the experiments, it should be

Q2
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§ Lxx1.

I repeated on this species all the experi-
ments [ had made on the two others, both
in a living and dead state, either in atmo-
spheric air, oxygen gas, or azotic gas, as
well on the entire snails as on those deprived
of their shells, and on the shells alone ; but
as the results were in every respect, under
all these points of view, perfectly analogous
to those furnished by the two other species
of snails, and which I have already related,
it would be superfluous, as well as tedious,
to enter into a detail of them,

§ LXXII.

I shall rather take a general view of the
experiments made on these three species of
worms, in relation to the oxygen, carbonie
acidy and azotic gas. The oxygen gas of
the atmosphere is always absorbed by these
snails, when they remain some time in the
common air: it is evident that in this
case more or less carbonic acid gas is pro~

duced, but it is not equally clear that azotic
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gas is destroyed. It is indeed true, that in
the experiments formerly related this de-
struction of azotic gas was almost constantly
manifested ; but this circumstance only indi-
cates that, among the immense number of
observations and experiments contained in
my journal, those only have been related
wherein this effect was evident; I ought,
however, likewise to mention that they are
in all respects the most numerous. Not but
that some of them exhibited a contrary
result, and displayed a production of azotic
gas, even at three, four, and five degrees,
although the snails were not deprived of
vitality. .

I have observed this singular phenome-
non under two circumstances. The first,
after an abundant meal, devoured with
much appetite; the second, when these
snails were ready to perish. If I am not
" deceived, this two-fold phenomenon may
be explained in the following manner:
The azot being one of those principles
introduced into the animal system by
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should make a single observation on the
structure of these shells.

It was long since observed that they are
full of little holes which form the extremi-
ties of very minute vessels, going out from
the membrane with which the shell is inter-
nally covered, and opening at their surface
by small orifices, where they form a very
fine and transparent net-work.

§ Lxxv.

I employed in this case the same solvent
asin the analysis of snail-shells, by putting
some very small pieces of egg-shells into
the nitrous acid diluted with water, so that
the effervescence was so extremely slight
-as not to injure in the smallest degree the
organic tissue, which would have been the
case had the liquid been used somewhat
stronger. The small pieces of shells were
taken from the obtuse part of the egg, be-
cause in that point it has no inferior mem-
brane; I know besides that it forms in this
part a lenticular cavity, and that the mem-
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observed, but I likewise succeeded in rajs-
~ing up, by means of forceps, a more subtle
and transparent membrane than any thing I
could have possibly conceived : on viewing
it with a lens, it appeared filamentous and
full of extremely small holes. After having
raised up these two internal and two exter-
nal membranes, the small pieces of the shell,
on exposure to a strong light, appeared
full of holes,

These fragments deprived of their mem-
branes, and changed by scxllutit:}ri in the
acid, became still more subtle, although
they preserved their hardness so as to
crackle between the teeth ; when, however,
they were allowed to remain in the nitrous
acid, the calcareous substance was at length
wholly destroyed, leaving a new and very
subtle membrane, which was doubtless
concealed and covered by this substaiice,

By this chemical analysis I ascertained,
that besides the external and internal mem-
branes which are vascular, there are three
others, one of which is situated behind
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mination of four days, I transferred the re-
maining air into the eudiometer; by which
means | found that the azotic gas remained
undiminishﬂd; that eighteen degrees of oxy-
gen gas had been consumed, and six degrees
and a half of carbonic acid gas produced.
§ LxxviIL

This experiment was not, however, suf-
ficiently decisive ; it was still necessary to
ascertain whether this destruction of the
oxygen gas was produced by the shell
alone, or whether the egg concurred in
abstracting the most subtle part of the air,
through the minute pores with which the
shells are furnished. 1 endeavoured to
remove this uncertainty, by making an
experiment on the shell alone, the result of
which was that a small diminution took
place : at the end of an equal space of time,
and under the same degree of heat, thirteen
degrees of oxygen gas were consumed, six
‘degrees and three quarters of carbonic acid

produced, and the azotic gas remained un-
diminished.


































































260 MEMOIRS D,N

deprived of it: but do the aquatic testacea
absorb, in the same manner, the oxygen
diffused in the water; and is this absnrpﬁon
as necessary to their existence as it is to that
of the land testacea? If respiration, how-
ever different its mode of action in different
species of animals, be notwithstanding a
function essential to all living beings, we
cannot doubt that nature has subjected to the
same law the inhabitants of the water: it
must, however, be acknowledged that we
have no direct proofs on this subject, and
that our ideas are altogether built on those
of analogy. |

This subject is nevertheless agreeable and
interesting in itself, and also of great im-
portance in the animal economy; such
were the motives and the views which
induced me to enter on the investigation of
aquatic snails, after having examined land
snails in the same manner. The marshes
of Pavia furnished me with three fresh-
water crustacea. g

I1.

The first was the viviparous snail, He/ix
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vivipara of Linn. Several reasons operated
on me to examine this animal. It doesnot
lay eggs, but brings forth its young. I
remarked on this occasion the following
circumstance, which is peculiar to this spe-
cies of snail, and which I never observed
in other animals placed, like the testacea,
among the lowest order of living beings.
All these viviparous or oviparous animals
have a certain season when they produce
their young or lay their eggs. To some
of them nature seems to have appointed the
spring for this operation, to others summer
or autumn, and to a few even winter ; but
those which multiply twice a-year are not
very common. I am certain, however,
that these snails, of which I have spoken,
give birth to their young during every
season of the year. I have kept them for
several years in my house, in large vases
filled with water, covered at the bottom
with muddy earth by which they are nou-
rished, and I observed ydung snails upon
the mud 1o winter as well as in the three
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scope, we perceived already the small ani-
mal like a point of organised matter, but
the shell was not yet visible.

Idiscovered, then, that these small snails,
which the large ones brought forth, pro-
ceeded from an egg hatched in the uterus
of the mother.

This observation is waluable, since it
shews that an animal termed viviparous,
because it brings forth its young, should at
first be called oviparous, since this progeny
originally proceeds from an egg which is
hatched in the matrix.

As anatomical researches have likewise
discovered other animals similar to these
under the same point of view, analogy
would induce us to believe, that those which
are termed viviparous, generally considered,
derive, in like manner, their ‘origin from
an egg,

§ 1v,

In order not only to gratify my own
curiosity, but excite that of my students, I
opened, in the course of my public lectures,
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snails ; but, on breaking the shell of the
parent animals, I discovered in the uterus
the young in all their different stages of
growth, as I had formerly observed in the
others, and even eggs still smaller than any
which had previously fallen under my
observation. _

Since, then, each of these animals had
' been constantly kept separated from all
others, it affords a demonstrative proof that
copulation is not necessary to the multipli-
cation of this species, and consequently that
they are true hermaphrodites ; and, so far as
1 knoow, this property had not hitherto been
discovered in the other species of aquatic
or land snails.

§ v.

'To conclude; T shall relate another pecu-
Harity of this snail, discovered by Swam-
merdam, and which I myself had the good
fortune to verify. This accurate anatomist,
who has written so ably on the viviparous
snail, but who knew not the mode in which
they propagate their species, was astonish-
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the tortuous protuberance already men-
tioned.”

Swammerdam appears to have béen
greatly surprised when he adds—«“It is
truly very astonishing to see all these hard
and stony parts, which are moveable and
flexible ; nor is it less wonderful to observe
the power possessed by the animal, of con-
tracting, extending, developing, and draw-
ing them back into its body, by the agency
of muscles and tendons inserted into these
parts ; and how the nerves, the veins, and
the arteries, are distributed throughout
these bodies.”

§ v

Although a long time has elapsed since
this discovery was published in the Bib/a
Nature of Swammerdam, printed in 1737,
no person, so far as I know, has paid the
Ieast attention to this phenomenon, or any
author taken the smallest notice of it. The
astonishing singularity of this extraurﬂinary
phenomenon has perhaps operated with
naturalists to neglect its investigation, and




























































290 MEMOIRS ON

and without analogous respiratory organs,
we must conclude that their skin is de-
stined to fulhl this office.

It is hence evident, that although water
be the natural element of these snails, they
nevertheless, like the testacea, require oxy-
gen gas from the atmosphere: notwith-
standing this proof, however, as well as
that I am about to relate, I fear we cannot
acquit ourselves of error, in neglecting a
precaution which apparently is altogether
useless.

The snails of this species, which inhabit
the stagnant water of small marshes and of
some ditches, have their shells nearly cover-
ed with small green microscopic plants, and
~ which it is almost impossible to detach from
them. Those which remain at the bottom
of large rivers have, on the contrary, their
shells smooth and polished: we remark
only some transverse and blackish belts,
which in those snails that inhabit stagnant
waters are covered with this vegetable in
great abundance, It pas possible that this,
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matter might produce some chemical altera-
tion, either on the air or the water, accord-
ing to the circumstances under which the
snails had been confined in them. On
which account I thought of a new experi-
ment with the snails of the Ticino, the
shells of which are perfectly free from
every kind of extraneous substance.
§ xviIL

It follows then, from the preceding ex-
periment, that these snails cannot live in a
medium altogether deprived of oxygen gas,
which is corroborated by the following fact.
The water with which the half of the tube
was filled in my new experiment had been
as much as possible deprived of its air by
boiling, and by means of the air-pump;
the other half of the tube was full of azotic
gas. I placed in this tube six Ticino
snails; and, at the same time, enclosed
in another six other snails ; but in this last
case I employed spring water and atmo-
spheric air. In the last tube the animals
lived about seven days, and the consump-

v 2
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with six of the same species of animals,
retained at the bottom of the vase by means
of weights. The first six ascended to the
line which separated the water from the air,
and, as usual, kept a small part of their body
above the water : in this experiment, how-
ever, we observed them descend from the
surface to the bottom of the water. These
two tubes remained in this state during five
days, and at the commencement of the
sixth I analysed the air contained in them:
the twelve snails were alive during the
course of this experiment.

The air in that tube wherein the snails
were confined underneath the water had
lost 55 hundredths of exygen gas, and that
in the other where the animals were suffer-
ed to ascend to the surface of the water had
lost L2, and I found in this air +i+ of car-
bonic acid gas.

it is then evident that this superabundant
cﬂnst'lrnption of oxygen gas proceeded
from the great absorption of its base,
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doubtless by that portion of the body of
the animals which came into contact with
the air itself: in this last case the carbonic
acid gas was present, because it had not
‘been wholly absorbed by the water, as
happened in the other tube upon the sup-
position that this gas had really been gene-
rated.
§ xx1.

It was scarcely possible any longer to
doubt, that the absorption of oxygen gas
from the atmosphere was greater, and per-
haps complete, when the snails remained
in the air: it was proper, then, to demon-
strate the truth of this opinion, with which
intention I confined some of these animals
upon mercury in five inches of atmo-
. spheric air. :

This experiment was conducted exactly
in the same manner as the former, only
the snails were kept in a state of confine-
ment seven days. During this space of
time all the oxygen gas disappeared, and
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supplied with water, either by rain, by
artificial means, or by the overflowing of
some adjacent rivulet. In this manner,
these snails frequently continue to live
some time, although this may not always
be the case when they are deprived of this
vital principle: but that circumstance is nog
peculiar to snails alone, several other species
of animals which rank higher in the scale
of existence, and even some of the mam-
malia, owe their lives to the vital air of the
atmosphere, when they are accidentally
exposed on dry land.
§ xx1r.

I know not whether the shells of these
snails absorb atmospheric oxygen, and whe-
ther it contribute to the preservation of
their existence ; or if it be incorporated
with, and become a part of, the animal sub-
stance. It is at least certain that these shells
when separated from the animal, and en-
closed in common air, possess this absorbent
quality. In this respect, as well as in their
organisation, they resemble those of land
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snails. By means of the nitrous acid, we
discover a somewhat dense membrane ad-
hering to the convex part of the shell, ofa
bright chesnut colour, and composed of fine
subtle fibres stretching towards one side:
when the entire snail is put into this acid
it retains its form ; but the effervescence
shews the solution of the calcareous car-
“bonat, although the membrane preserves
- the perfect configuration of the snail with
all its circumvolutions. |
§ xx1v,

When the foetuses of these snails are
taken from the uterus and enclosed in com-
mon air, they deprive it, like the parent
animal, of its oxygen gas; only, a greater
number of them must be confined at once,
in order to compensate for the smallness of
their size.

§ xxv.

These. snails continue after death to
absorb oxygen with two remarkable dif-
ferences : first, this absorption is then car-
ried on much more slowly ; secondly, a
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on the surface of the body of these animals,
as first observed by Swammerdam, we
must suppose they are destined to absorb
the oxygen of the water during the few
minutes it remains in the interior of the
shell.

§ xx1x.

In order to corroborate this opinion, I
enclosed some muscles in an inverted tube,
partly filled with air and partly with water,
as I had formerly done with the viviparous
snails ; only it was unnecessary in this case
to retain them at the bottom of the tube by
means of weights, as they are naturally
obliged to live under water.

I first directed my attention to the duck
muscle, two of which I placed in a tube
half filled with air and half with water, the
. temperature was from about 15° to 16%°,
In this situation I observed the constant
respiration of water, of which I have alrea-
dy spoken, as also the opening of the shell
through which a portion of the animal was
observable : this part has the appearance of

X
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a fin, which ds protruded at every motion of
the water, and again drawn back when this
fluid remains at rest.

These two muscles remained alive at the
end of seven days, and on the cighth the
common air had lost 0.07 of oxygen gas ;
whence it follows that the base of this
quantity of oxygen gas had been consumed
by the animals, and that it must have pre-
viously been absorbed by the water, from
the great affinity that subsists between it
and this fluid.

§ xxx.

I next prepared two tubes, by filling one
of them with pure oxygen gas, and the
other with azotic gas; in each of these

~ tubes I placed two muscles : in this experi-
ment the water was deprived of its air, in
the same manner as that I employed for the
viviparous snails (§ xviir). At the end of
nine days the muscles were alive in the
tube containing oxygen gas, which was
diminished 0.08 ; but they perished at the

~ end of three days in that with azoti¢. gas.
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On comparing these three experiments,
we observe that the duck muscles not only
absorb the oxygen contained in the water,
but likewise as much more of this gas as is
in contact with that fluid; from which it

appears that oxygen gas is necessary to their
existence,

]

§ xxxi.

These muscles die sooner when deprived
of water than the viviparous snail. Before
undertaking this investigation, it was first
necessary to ascertain if, when their shells
are shut—which frequently happens when
they are out of the water—they contained
any portion of air; because, during the
experiment, it might escape, and, mixing
with the common air, impart to it, more or
less, the vitiated qualities it had contracted
from the animal body: but, after having
opened several of these shells under water,
I never could observe a single bubble of air;
but, on the contrary, a small portion of
water always escaped, if I opened them
-bencath the “receiver of an air-pump, or
X 2
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under mercury. I could then, without fear
of error, undertake the experiment I had
devised, and of which I shall only relate
the result. One of these muscles absorbed
nearly triple the quantity of oxygen when
confined in air that it did when placed under
water: in this manner all the oxygen gas
of the air might be absorbed.
§ xxxir.

I made the same experiment with dead
muscles, and found that in this state they
produced a similar absorption, as well as the
shells by themselves; with this difference,

that the absorption was carried on more
slowly. _
It is interesting to remark, that a very
large valve of one of these muscles,
broken into pieces, remained several days
in the air; and, after having absorbed from
it all the oxygen, continued, twice succes-
sively, to absorb a fresh supply of it, after
~ having been thrice subjected to this proof.
§ xxxi11.

At the same time I prosecuted these en-
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quiries on the duck muscle, I made an equal
number of similar experiments on swan
muscles; but, although some differences
certainly occurred in the results, they were
too unimportant to affect the general con-
clusion, or to render it necessary for me to
enter into a detail of them.

§ xxxrv.

In the account I have given of the obser-
vations I myself made on these two species
of muscles, I have only spoken of the con-
sumption of oxygen gas, and ascertained
the precise quantity of it which is absorbed
- by these animals in water orin air ; but, in
order to avoid unnecessary repetitions, I
" have hitherto been silent respecting the
azotic gas. Ishall now, once for all, observe,
that when the animals were alive, whatever
quantity of azotic gas was present it always
remained unchanged ; we always found the
0.80 of this gas. These living crustacea
possess, then, an affinity with the oxygen,
but not with the azotic gas of atmospheric¢
air.  Notwithstanding, however, that this
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affinity with oxygen be preserved by these
animals after the extinction of vitality, they
nevertheless in this state augment the quan-
tity of azotic gas, in consequence of the
commencement of the putrid fermentation:
- §xxxv. |

I shall only make a single observation
respecting three sea shells, as I had but an
opportunity of examining them in a very
cursory manner. Being at Venice, in Sep~
tember, 1705, I observed the phosphores-
" cent nature of the Sepia officinalis, the cuttle-
fish, which I described in my Chemico esame
degli esperimenti del Sig. Gottling. 1 ex-
pected to have made one or two experi-
~ments on the oyster, Ostrea edulis et faci—
beea, and on the Mytilus edulis of Linw.,
the common muscle. These three testacea,
are sold by the fishermen of this city, and
are very common in the Adriatic Sea.
They are dead when brought te market;
but, as it was of importance to me to procure
them alive, I went out to sca with the
fishermen ; and scarcely were they caught
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before I ‘placed them in large vases filled
with sea water, in order to subject them to
the same experiments at Venice which I
had formerly practised on fresh- water
testacea. : 3
§ xxxvL

I was not able to ascertain if these testa-
cea are furnished with respiratory organs,
having no means of examining their in-
ternal structure, or even of observing any
periodical motions produced in the water,
if such organs really existed ; but, although
I was not able to observe them with suffi-
cient accuracy in such a short time, I will
not affirm that they are destitute of such
organs : I can, however, pledge myself
with the greatest certainty for the truth of
the following results, because 1 observed
them with much accuracy, and even veri-
fied them on these three species. RE e

1st, That they absorb the oxygen from
sea water, as we observe by the diminution
of the oxygen gas contained in the air,
which is in contact with that fluid, -
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2d, That they absorb all the oxygen
from the common air, when enclosed in
this medium.

3d, That when azotic gas is made to rest
on the water, they perish sooner than if
atmospheric air be employed.

. 4th, That the shells separated from these
animals, and enclosed in air, likewise pos=
sess the property of absorbing oxygen.

§ xxxVIL

Do these shells preserve this absorbent
quality when placed under water? I ob-
tained this absorption of oxygen with the
shell of the viviparous snail (Memoir II.
§ xx111), and with that of the duck muscle
A(§ xxxm).

We may then apply the above question
to a more important enquiry, respecting the
absorptior of common air ; since, in short,
the natural element of these snails, and of
some muscles, is fresh and salt water.

It is true, we observe some absorption of
this principle by these animals, although

‘immersed in water, as I have demon-
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strated ; but there still remains a doubt
whether this effect be partly produced by
the shells, or whether it be wholly attri-
butable to the living animals. In order to
remove this doubt, it was necessary to make
experiments on the shells alone; and I
prosecuted this investigation at Pavia,
where I had a sufficient number of fresh-
water testacea always at my command,
which was not the case with the salt-water
testacea, since the idea only occurred to me
after my departure.

I took, then, the resolution of employing
with this view the shells of two species of
oysters, edulis and jacobaa, as well as those
of the common muscle, which I had in my
cabinet. I placed the shells of these six
testacea in six inverted tubes filled with
water to a given height, and the remainder
with common air. They remained nine
days in this situation, under a somewhat
high temperature: as I had perceived some
elevation in the water contained in these
tubes, I analysed the air, and discovered
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that a sensible diminution of oxygen gas
had taken place in each of the six tubes:
“this diminution was, indeed, but inconsi-
derable, never amounting to more than 3}
hundredths. I had at the same time en-
closed in a separate tube an equal quantity
of air and water, in order to ascertain what.
quantity of oxygen might be absorbed by
the water, in the course of nine days, but
it never exceeded 0.01. Hence it follows
that the absorption of oxygen by these
testacea is partly produced by their shells.
§ xxxviirn

The following are the results of these
experiments.
~ 1st, The duck and swan muscles are
both furnished with gills.

2d, They absorb oxygen from the water,
and perish when deprived of this gas.

3d, When enclosed in air they absorbs
all its oxygen, but without producing any
change on the azotic gas.

ath, This absorbent power continues
after death.
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when deprived of it. In this respect these
cold-blooded animals resemble those with
warm blood, only the last consume oxygen
more rapidly, though in a less quantity
than the former. If| for example, a small
quadruped or a bird consume in fifteen
minutes 0.14 of oxygen gas, it requires a
great number of hours for a snail to effect
the same consumption ; but the snails will
at last completely absorb the whole of this
gas, whilst the quadruped or bird leaves at
its death a portion of it unconsumed.
When I enter on the consideration of
respiration in warm-blooded animals, I will
shew in what manner quadrupeds or birds,
seldom consume more than 0.19 of the
oxygen gas present in the air, and some-
times but 0.17, 0.16, or even 0.15. We
cannot, however, affirm, thatthey might not
consume more, were not their lives abridg-
ed by the production of carbonic acid gas ;
but I can assure the reader that even when
this gas is neutralised, by means of a caustic
alkali, as it is generated, these animals ne-
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vertheless perish in the same manner, leav-
ing always unconsumed some hundredths
of oxygen gas. :
The rapidity of this absorption is pro-
duced, in these snails, by the frequent
action of the lungs; so that they inspire
and expire air every instant, and con-
tinually absorb from it, during this process,
some portion of its oxygen, and this action
is incalculably slower and less frequent in
snails. Besides, they are more tenacious
of life, and resist more powerfully, than
warm-blooded animals, those causes which
tend to destroy it, as we see evinced in the
reproduction of their heads after amputa-
tion. These snails continue to live after
the oxygen has been wholly destroyed, orat
least when it has been very much diminish-
ed, whilst in a similar situation warm-
blooded animals instantly perish. The
same reason enables these snails to live a
short time in an atmosphere from which
they have absorbed all the oxygen they
could absorb, as well as in hydrogen or
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azotic gas. I have said zbat they have
absorbed all the oxygen they could absorb,
because these animals do not possess the
property of wholly absorbing it; but they
leave about one half-hundredth part, so as
to raise the mercury in the eudiometer to
0.20. I made this observation in order to
give the greater accuracy to my former
researches.
§ 11.

The perfect agreement of the air respired

by these animals is remarkable when tried

=

by the phosphorus of Kunckel, which

usually absorbs only 0.20 of oxygen gas;
the cause is the same, because towards the
end of the experiment the azotic gas be-
comes so greatly encreased as to dilute the
oxygen gas to such a degree that it can no
longer be attracted b}f'these two bodies.
Another similarity subsists between our
animals and phosphorus which merits at-
tention, It 1s generally believed that this
combustible appropriates the oxygen, and
15 enflamed by it at every temperature ;
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