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AN NALS

OF

PHILOSOPHY.

-

JULY, 1821.

ARTICLE I. r

A Memoir on the Physiology of the Egg, read before the Linnean

Society of London, on March 21, 1809; an Abstract of which

is published in the Society's Transactions. By John Ayrton

Paris, MD. &c. &c. -

(Concludedfrom p. 359, vol. i. New Series.)

THE part of the egg which next claims our notice is the air

bag, placed at its obtuse extremity; this follicle excited in me

considerable interest, and was in fact the phenomenon that first

directed my attention to the subject of the physiology of the

egg; and when I found that this organ had not received the

attention which its importance seemed to merit, I was encouraged

to pursue its investigation. I am not aware that it exists in the

ova of any animals but those of birds: indeed there is a wonder

ful relation between the respiration of oviparous animals before

and after their exclusion from the egg; so, perhaps, birds who

enjoy the most perfect species of respiration, are those only

whose egg contains a particular organ for the purpose.

The external shell and the internal membrane with which it

is lined, constitute the parietes of the folliculus aéris; its extent

in the recent egg is extremely small, and before its exclusion

from the uterus, it does not appear to exist; it would seem to

commence at the moment the egg is deposited by the bird; a

small portion of the watery contents of the egg transpire through

the shell, and the air then rushes through the obtuse end and

inflates the follicle : this is the history of its origin; and its size.

and subsequent increase are to be explained upon the same

New Series, vol. 11. B



2 Dr. Paris on the Physiology of the Egg. [JULY,

principle, which thus establishes an important relation between
the diminution of the bulk of the ovular contents and the extent

of this pneumatic apparatus. During the progress of incubation,

it is i. to a very considerable magnitude. Its uses seem

to have been first understood and appreciated by Harvey :

“Utilis est ad ovi ventilationem, ac Pulli perspirationem, refrige–

rium, et respirationem, ac denique ad loquelam, unde cavitas illa

primo exigua, moa major, ac denique maxima conspicitur, prout

varii jam nempe dicti usus postulaverint.”

Very early after incubation, the cicatricula expands into.

several circles, containing, an ash-coloured fluid, called by

Harvey “colliquamentum ” in this, on the fourth day, the heart,

Iike a vibrating point, “punctum saliens,” for the first time,

becomes visible, and blood-vessels are seen defining, like a

fringe, the cicatricula; these meatus venales, which are hereafter

to become the umbilical vessels, extend and multiply their rami

fications on the yelk and white, by which the blood is exposed

to the action of the air in the follicle, oxygenated, and returned

to the embryon: to establish, however, this theory upon a solid

basis, it became necessary to discover the nature of the air that

inflates the follicle, and which has hitherto remained unexamined.

We are informed by Buffon, that it is a product of the fermenta

tion which the different parts of the egg undergo. If the Count’s

conjecture be substantiated, the gas must be non-respirable : to

determine this point, and to discover whether the process of

incubation produces any change in its chemical constitution, I

instituted the following experiments:

Experiment 1–Twenty-one hens’ eggs newly laid, when

broken under the surface of water, yielded only one cubical inch

of gas : this, when received in a jar, and subjected to an eudio

metric test, proved to be pure atmospheric air.

Experiment 2–Two eggs, after 20 days’ incubation, were

opened as before, when one cubic inch of gas was collected, which

H also discovered to be atmospheric air, contaminated, however,

with a portion of carbonic acid. This latter gas I suspect to be

derived from the venous blood of the chick, which seems to esta

blish another analogy between this mode of oxygenation and

respiration after birth.* From these results, the following corol

laries may be drawn: 1. The folliculus aéris contains before

incubation atmospheric air. 2. No other chemical change is

effected in its constitution than a small inquination with carbonic

acid. 3. It gains by incubation an increase of volume, which

, * As in respiration, may net this combination of oxygen with the blood generate

heat P For Mr. Hunter's experiments prove that there is a difference of several degrees

in the temperature of an addled egg, and in that of one advanced in its evolution,

although they have both been alike subjected to the animal heat of incubation.

+. By the application of heat this air is expanded, and, if suddenly, it will burst the

shell, and scatter the contents; the obtuse extremity should, therefore, be always

pricked with a pin before the egg is roasted, a fact well known to the country house

wife; and hence the old adage, “There is reason in rousting an egg.” -
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takes place nearly in the ratio of 10 to 1; it must, however, be

remarked that its extent does not increase equally in equal suc

cessive portions of time ; but that it observes a rate of progres

sion which is accelerated as the stages of incubation advance,

although it seems to arrive at its marimum of dilatation a few

days previous to the exclusion of the animal.

Some naturalists have conjectured that the use of this appa

ratus is to furnish the air with which the feathers are inflated:

this idea hardly requires a serious refutation; we detect the

same receptacle in the eggs of those birds that are hatched

unfledged. Its essential purpose is undoubtedly to oxygenate

the blood of the embryon, and we accordingly find that what

ever obstructs the inflation of this follicle, and the renewal of its

air, destroys the life of the chick. The experiments of Reaumur

offer abundant proofs of this truth. In his attempts to develope

the egg by the heat of dung, they, for a long time failed, owing

to a circumstance which he afterwards discovered to depend upon

the impurity of the atmosphere. He also varnished eggs so as

to |..." the access of air; and he found that when placed

under the hen, they invariably perished. Sr. instituted

many experiments with the same view. “I have often,” says

he, “placed the eggs of terrestrial and aquatic insects under

the receiver of an air-pump, but none ever hatched in this situa

tion, although in every other respect in a condition to have

done so; ” and Boerhaave offers his testimony upon the same

subject in the following words: “Ovula quorumcunque insecto

rum, in vitris accurate clausis, non producunt.” e see the

importance, therefore, of that provision by which the egg is

occasionally ventilated by the migration of the parent; it is a

fact well known in the farm yard, that turkeys frequently destroy

or smother their eggs by a too constant and assiduous attention.

The air follicle may also have a secondary office to perform,

to assist in producing necessary changes in the albumen and

vitellus by the chemical action of its air. Such then is the

nature of this organ in the egg of the common hen, from which

this description is taken; the same apparatus exists in the eggs

of all birds, and contains a similar air; its capacity, however,

does not seem to vary either with the size of the egg, or of the

bird to which it belongs; but I think that I have discovered a

beautiful law by which its extent is regulated. I have uniforml

found (as far as my contracted inquiry has led me), that the fol

liculus aéris is of greater magnitude in the eggs of those birds

who place their nests on the ground, and whose young are

hatched, fledged, and capable of exerting their muscles as soon

as they burst from their shell, than the folliculi of those whose

nests are generally built on trees, and whose progeny are born

blind and forlorn. Thus the folliculi of the eggs of hens, par

tridges, and moor-hens, are of considerable extent; while those

of the eggs of crows, sparrows, and doves, are extremely con
B 2
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tracted. The chick, therefore, of hens and partridges has a

more perfect plumage, and a greater aptitude to locomotion, than

the ... nestlings of crows and sparrows. -

Such an instance of the agency of oxygenation in the ''.

tion and increase of muscular power is not solitary; the histo

of ruminating animals will furnish a parallel example. “Their

cotyledons,” says the ingenious author of the Zoonomia, “seem

to be designed for the purpose of expanding a greater surface

for the termination of the placental vessels, in order to receive

orygenation from the uterine ones: thus the progeny of this

| class of animals are more completely formed before their nativity

than that of the carnivorous classes; calves, therefore, and lambs,

can walk about in a few minutes after their birth ; while kittens

and puppies remain many days without opening their eyes.” In

confirmation of the theory, that muscular irritability is the result

of a nice combination of orygen with the animal organs, many

interesting facts may be adduced. Do we not find that the

muscular strength of an animal is (catteris paribus) Prº ortional

to the extent * and perfection of its respiration ? Birds are

enabled to sustain the exertion of flight, owing to their exten

sive pneumatic receptacle; and many insects, especially the

different species of Scarabazus, in the act of flying, disclose

avenues of air, which in their quiet state are closed by the cases

of their wings, thus procuring for themselves a larger supply of

the principle of muscular energy at a period when from their

exertion, and consequent exhaustion, they most require it: flat

fish, who having no swimming bladder, remain at the bottom,

and possess, but little velocity, have gills that are quite con

cealed, while those who encounter a rude and boisterous

stream, as trout, perch, or salmon, have them widely expanded;

and, with respect to the respiration of fishes, it may be further

observed, that the sum of oxygen which they receive will vary

jointly as the momentum of the water which imparts it, and the

extent of the gills. An acquaintance with this truth at once

enables us to discover one of the most beautiful final causes in

nature. We shall no longer consider the rapid current or the

boisterous ocean as inimical to the strength of the animal, but

regard them as the powerful causes of its invigoration—“Ele

menta propriis armis devicta.” So also the velocity of fishes, and

its unwearying duration, will cease to astonish us, since it is

evident that such motions contribute as well to the revival as to

the exhaustion of muscular energy; for although they must

waste the stream of irritability, yet they add to the fountain by

which it is supplied. Hence it follows, that whenever it is an

object to economize the consumption of air, as must happen in

crowded and confined situations, we ought to preserve our mus

* Narrow-shouldered men bear labour worse and pain better than others. Thus the

natives of North America, a narrow-shouldered race of people, will rather expire under

the lash than be made to labour.—(Darwin's Zoonom. vol. ii. p. 14.)
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cles, as far as we are able, in a state of complete inactivity;

nothing could have been more judicious than the advice given

by Mr. Holwell to his unfortunate fellow sufferers in the Black

#. at Calcutta, “ not to eachaust their strength by useless efforts,

but to remain quiet and orderly,” or in other words, not to waste,

wantonly, the animating principle of the atmosphere by motions,

the effect of which is to render an increased consumption of it

unavoidable: on the contrary the expedients resorted to upon

that melancholy occasion, were calculated to accelerate the

fatal result which they were intended to counteract, such as

fanning the air with their hats, and kneeling down, for the pur

pose of simultaneously rising, in order to give a fresh impulse

to their stagnant atmosphere.

It is evident that the inflation of thefolliculus aeris of the egg

will proceed in the same ratio as the evaporation of its fluid con

tents: the importance of such an arrangement is sufficiently

obvious. I shall, therefore, proceed to describe the shell, the

only part of the egg which now remains to be noticed. The use

of the shell is not only to defend the ovular structure from

external violence, but to regulate the evaporation of the fluid

contents, and the various chemical changes essential to its deve

lopement. It consists, according to the latest experiments of

M. Murat Guillot,” of gelatine 3, phosphate of lime 2, carbonate

of lime 72 parts, united to an organic tissue. Mr. Carlisle, in a

memoir read before the Royal Society, “ Upon the Vascular

and Extra-vascular Parts of Animals,” states, that the calca

reous shells of birds' eggs are merely deposited upon the mem

brana putaminis, and that the inner portions are regular crystal

lized prisms, the long diameters of which point to the centre of

the egg. I have repeatedly endeavoured to discover such a

crystalline structure, but unsuccessfully; and my friend Mr.

William Phillips, whose knowledge of crystallography is so

justly appreciated, has examined the egg shell with no better

success. The hard and brittle texture of the shell is increased

by incubation, and it also undergoes some other changes during

this period which are not well understood. -

Every circumstance connected with incubation discovers an

evident design to conceal the bird and its egg: the hen in

general is not dressed in the gaudy plumage which distinguishes

the male, nor is she endowed with the talent of singing, lest her

note should arouse the vigilance of her enemies: so the colours

of the egg vary in the different species of birds, and seem well

adapted to the purpose of concealment. “Thus,” says Dr. Dar

win, “the eggs of hedge birds are greenish with dark spots;

those of crows and magpies, which are seen from beneath

through wicker nests, are white, with dark spots; and those of

larks and partridges are russet and brown, like their nests and

situations.”

The matter from which the shell is formed is secreted in the

- - - - ... " Annales dc Chimic, vol. xxxiv.
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lower portion of the uterus, and in this operation we recognise at

process which, at the same time, answers two of the most import

ant purposes of the animal; it at once serves the individual, and

contributes to theº of the species; for while it

removes the superabundant calcareous matter, which, if allowed

to accumulate, must render the bird incapable of flight, and

defeat the best purposes of its existence, it furnishes the germ

ef the future animal with a strong and convenient defence. It

sometimes happens that the eggs of birds are deposited without

the shell; this may arise from the secretion of calcareous matter

not keeping pace with the too exuberant production of the yelks,

a circumstance which may depend upon a variety of causes; but

as it is not my intention to discuss .. question of the origin of

lime in animal bodies, I shall, upon the present occasion, rest

satisfied with recording some facts connected with the subject.

The experiments of Vauquelin, which prove that the quantity of

calcareous matter voided by the system exceeds that taken in

with the food, suggested to Fordyce that birds must require

calcareous matter during their laying, and that if the animal

were deprived of this earth, the shell would never be formed.

From observations made by myself, I am inclined to reject this

theory; for birds occasionally deposit eggs without shells, who

have free access to lime ; and, on the other hand, although they

be carefully kept from lime, they will nevertheless produce

calcareous secretions.

As far as the light of analogy extends, it would seem that

lime is a product of animalisation, and that its secretion requires

a considerable energy of constitution; this is rendered probable

by the well-known phaenomena of rachitis; the absence of the

shell, therefore, depends probably upon some constitutional

cause in the bird, and not upon the privation of lime.

During my experiments, many years since, a curious circum

stance occurred to a hen that was kept for the purpose that

deserves to be placed upon record. This bird had broken its

leg, and the limb was carefully bandaged, when, after a few

days, several eggs destitute of shells were found upon the pre

mises, which I ascertained had been produced by the bird in

question. Now it may be fairly asked whether, in this case, the

calcareous matter designed for the formation of the shell was

not employed in the regeneration of bone In the human

species, the converse of this takes place; for a fracture, occur

ring during pregnancy, frequently does not unite until after

delivery.*, "Here then nature evinces a greater anxiety for the
offspring than for the parent; while, on the contrary, He fecun

dity of an oviparous animal would seem to render such a precau

tion unnecessary. The same law will explain why women who

* In the fourth volume of Medical Observations and Inquiries, a case is communi

cated by Dr. William Hunter from Mr. Alanson, Surgeon at Liverpool, of a simple

facture of the tibia in a pregnant woman, where the callus was not formed until after

delivery. The accident happened during the second month of her pregnancy, and until

her delivery no adhesion had taken place; but in the course of nine weeks afterwards


