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A DESCRIPTION OP THE SITUATION OF THE
TESTIS IN THE FCETUS, WITH ITS DESCENT
INTO THE SCROTUM.

Difcovery in any art, not only enriches that with which it is imme-
diately conneded, but elucidates all thofe to which it has any

relation. The knowledge of the conftruftion of a human body is effential

to medicine, therefore every improvement in anatomy muft throw addi-

tional light on that branch of fcience. Thefe improvements flrike more

forcibly, if they are on fubjefts quite new or little underflood ; and this

effeft is well illuftrated by the advantages which pathology has derived

from the difcovery of the lymphatics being the abforbent fyftem ; and

likewife by that cafe of hernia, where the intefline lies in contad: with the

tefticle ; which has been perfedlly explained by the difcovery of the ori-

ginal feat of the tefticle being in the abdomen.

Several years before Haller's Opufcula Pathologica were puhliflied, my
brother informed me, that in examining the contents of the abdomen of

a child, ftillborn, about the feventh or eighth month, he found both the

tefticles lying in that cavity, and mentioned the obfervation with fome

degree of furprize. By this we are enabled to account for a circum-

ftance that fometimes happens in the fcrotal hernia, as depending on the

difcovery that, the teftis is formed in the abdomen ; and which we could

never explain to our fatisfailion, till the publication of the Opufcula, to

which Dr. Hunter alludes. Commentaries, page 72, in the following

words :

" In the latter end of the year 1775, when I firft had the pleafure of

reading Baron Haller's Obfervations on the Hernia Congenita*, it ftruck

my imagination that, the ftate of the teftis in the foetus, and its defcent

from the abdomen into the fcrotum, would explain feveral things concern-

ing ruptures and the hydrocele, particularly that obfervation which Mr.

* Albert! K;illeri Opufcul. Pathciog. Laufl^n. 1755, Svo. page 53, &c.

B



2 OF THE SITUATION OF THE TESTIS IN THE FOETUS.

Sharp had communicated to me, viz. That "n ruptures the inteftine is

fometimes in contaft with the teftis. I communicated my ideas upon this

fubjeft to my brother, and defired that he would take every opportunity

of learning exadtly the flate of the teftis before and after birth, and the

ftate of ruptures in children. We were both convinced that the exami-

nation of thofe fails would anfwer our expeftation, and both recollected

having feen appearances in children that agreed with our fuppofition ;

'but faw now that we had neglefted making the proper ufe of them.

" In the courfe of the winter, my brother had feveral opportunities of

diffedling fcetufes of different ages, and of making fome drawings of the

parts ; and all his obfervations agreed with the ideas I had formed of the

nature of ruptures, and of the origin of the tunica vaginalis propria in

the foetus. But till thofe obfervations were repeated to his fatisfadtion,

and were fufficiently afcertained, he defired me not to mention the opinion

in my ledlure ; and therefore, when treating of the coats of the teftis, and

of the lituation of the hernial fac, &c. I only put in this temporary cau-

tion, that I was then fpeaking of thofe things as they are commonly in

adult bodies, and not as they are in the foetus : and at laff, when I was

concluding my lectures for that feafon, in t-he end of April 1756, with a

courfe of the chirurgical operations, I gave a very general account of my
brother's obfervations, and fhewed both the drawing of Fig. II. which

was then finifhed, and the fubjeft from which it was made."

The following obfervations on this fubjed: were taken from my notes,

and publiflied by Dr. Hunter, in his Commentaries, to which I have

added fome pracftical remarks.

Until the approach of birth, the teftes of the foetus are lodged within the

•cavity ofthe abdomen, and may therefore be reckoned among the abdominal

vifcera. They are fituated immediately below the kidneys, on the forepart

of the pfose mufcles, and by the fide of the reftum, where this inteftine is

pafllng down into the cavity of the pelvis : for in the foetus, the re<flum,

which is much larger in proportion to the capacity of the pelvis than in

the fullgrown fubjecl, lies before the vertebrae lumborum as well as before

the OS facrum. Indeed the cafe is pretty much the fame with regard to

all the contents of the pelvis j that is, their fituation is much higher in
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the fcetus than la the adult. The figmoide flexure of the colon, part

of the redlum, the greateil: part of the bladder, the fundus uteri, the Fal-

lopian tubes, &c, being placed in the fcetus above the hollow of the

pelvis in the common or great abdominal cavity.

While the teftis remains in the abdomen, its fhape or figure is much
the fame as in the adult ; and its pofition or attitude the fame as when
it is in the fcrotum : that is, one end is placed upwards, the other dov/n-

wards ; one flat fide is to the right, the other to the left ; and one edge

is turned backwards, the other forwards, and the vefl'els enter the pofl:erior

edge alike in both the fcetus and adult. As the teftis is not fo imme-
diately inclofed in the furrounding parts while it is in the loins, its pofi-

tion may be a little variable ; and the moil; natural feems to be when the

anterior edge is turned diredly forwards ; but as the leaft touch of any

thing will throw that edge either to the right fide, or to the left, then

the flat fide of the tefi:is will be turned forwards. It is attached to the

pfoas mufcle all along its pofterior edge, except juft at its upper extre-

mity ; and this attachment is formed by the peritoneum, which covers

the teftis and gives it a fmooth furface, in the fame manner as it envelopes

the other loofe abdominal vifcera.

The epididymis lies along the outfide of the pofterior edge of the teftis,

as when in the fcrotum, but is larger in proportion, and adheres backwards

to the pfoas. When the foetus is very young, the.adhefion of the teftis

and epididymis to the pfoas is very narrow; and then the teftis is inore

loofe, and more projedling : but as the foetus advances in months, the

adhefion of the teftis to the pfoas becomes broader and tighter..

The vefi"els of the teftis, like thofe of moft parts of the body, com-

monly rife from the neareft larger trunks, viz. from the aorta and cava,

or from the emulgents.

The artery generally rifes from the forepart of the aorta, a little below

the emulgent artery, and often from the emulgent itfelf, efpecially in the

right fide of the body, which may happen the rather, becaufe the trunk

of the aorta is more diftant from the right teftis than from the left.

Sometimes, but much more rarely, the Ipermatic artery fprings from the

phrenic, or from that of the capfula renalis.. Befides the arteiy which.
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rifes from the aorta, or emulgent, &c. the teftis receives one from the

hypogaftric artery, which is fometimes as large as the other. It runs

upwards from its origin, paffing clofe to the vas deferens in its way to the

teftis. The fuperior fpermatic artery fometimes pafles before the lower

end of the kidney; and both thefe arteries run in a ferpentine diredlion,

making pretty large but gentle turnings. They are fituated behind the

peritoneum ; and both run into the pofterior edge of the teftis, between

the two refled;ed laminas of that membrane, much in the fame manner

as the veflels pafs to the inteftines between the two refleded lamina of the

mefocolon or mefentery.

The veins ofthe teftis are analogous to its arteries ; but commonly change

fides with the arteries refpefting their origins from the emulgents. The
fuperior fpermatic vein, to begin with its trunk, rifes commonly in the fol-

lowing manner : on the right fide, from the trunk of the vena cava, a little

below the emulgent, and on the left fide from the left emulgent vein. The
reafon of this difference between the right and left fpermatic vein, no doubt,

is becaufe the cava is not placed in the middle of the body ; fo that by the

rule of ramification, which is obferved in moft parts of the body, the cava

is the neareft large vein of the right fide, and the emulgent is the neareft

large vein of the left fide. But the difference is inconfiderable ; and ac-

cordingly we fometimes find the right fpermatic vein coming from the

Tight emulgent vein ; and feveral other varieties are produced, which,

fo far ^s I can obferve, follow no precife rule. There is likewife a fper-

matic vein,, which rifes from the internal iliac, and runs up to the teftis

with the inferior fpermatic artery. Both the fpermatic veins run behind

the peritoneum with their correfponding arteries, and go into the pofte-

rior edge of the teftis, where they are loft in fmall branches.

The nerves of the teftis, like its blood-veffels, come from the neareft

fource ; that is, from the abdominal plexufes of the intercoftal ; efpecially

the inferior mefenteric plexus. They run to the teftis, accompanying its

blood-veffels, and are difperfed with them through its fubftance. The

teftis therefore, with refpedl to its nerves^ may be reckoned an abdominal

vifcus 3 and this obfervation will hold good, when applied to the full-

grown fubjed:, as well as to the foetus j for thofe branches of the lumbar
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nerves, which are commonly faid to be fent to the teftis, paffing through

the tendon of the external oblique mufcle, in reality go . not to the teftis

itfelf, but to its exterior coverings, and to the fcrotum.

The tefticle receiving its nerves from the plexufes of the intercoftal,

accounts for the flomach and inteftines fympathifing fo readily vs^ith it

and its particular fenfation, and for the effeds arifing in the conftitution

upon its being injured.

The epididymis begins at the outer and pofterior part of the upper end

of the teftis, immediately above the entrance of the blood-velTels, where

it is thick, round, and united to the teftis. As it pafles down, it becomes

a little fmaller and more flat, and is only attached backwards to the teftis,

or rather indeed to its veffels j for its anterior edge lies loofe againft the fide

of the teftis forwards ; and at its lower end it is again more firmly attached

to the body of the teftis, fo that in the foetus there is a cavity or pouch form-

ed between the middle part of the teftis, and the middle part of the epididy-

mis, more confiderable than is commonly obferved in fullgrown fubjedls.

As the body grows, the epididymis adheres more clofely to the fide of the

teftis ; and its greateft part is made up of one convoluted canal, which

becomes larger in fize and lefs convoluted towards the lower end, and

at laft is manifeftly a fingle tube running a little ferpentine. That change

happens at the lower end of the teftis, and there the canal takes the name

of vas deferens.

The vas deferens is a little convoluted, or ferpentine, in its whole

courfe, but is lefs fo as it comes nearer to the bladder ; inftead of run-

ning upwards from the lower end of the teftis, as it does when the

tefticle is in the fcrotum, while that remains in the abdomen, it runs

downwards and inwards in its whole courfe, fo that it goes on almoft;

in the direction of the epididymis, of vv'hich it is a continuation. It

turns inwards from the lower end of the epididymis, under the lower end

of the teftis, and behind the upper end of a ligament or gubernaculum

teftis, (which I ftiall prefently defcribe) then it pafi"es over the iliac veffels

and over the infide of the pfoas mufcle, fomewhat higher than im adult

bodies ; and at laft goes between the ureter and bladder tovi'ards the baiis

of the proftate gland.
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In thofe animals where the teflicles change their iituation, the cre-

mafler mufcle, which fhould be named mufculus teftis, has two very

different pofitions in the foetus, and in the adult: the firft, being the

fame as in thofe animals whofe tefticles remain through life in the cavity

of the abdomen ; we muft therefore conclude that, the fame purpofes are

anfwered by this mufcle in the foetus, as in thofe animals.

The ufe of this mufcle, when the tefticle is in the fcrotum, appears to

be evidently that of a fufpenfory ; for I find this mufcle is flrong in pro-

portion to the fize of the teflicle, and pendulous fituation in other animals.

But what purpofe it anfwers in the foetus, or in animals whofe tefticles

remain in the abdomen, is not eafily imagined, there being no apparent

reafon why fuch a mufcle iliould exift.

The cremafter, or mufculus teftis, appears to be compofed of the lower

fibres of the obliquus internus and tranfverfalis mufcles in the foetus,.,

turning upwards, and fpreading upon the anterior furface of the guberna-

culum, immediately under the peritoneum ; it appears to be loft on the

peritonaeum, a little way from the tefticle. This, although now inverted,

is more evidently feen in adult fubjefts,, who have had a hydrocele, or

rupture ; in fuch cafes the mufcle becomes ftronger than ufual, and its

fibres can be traced fpreading on the tunica vaginalis, and feem at laft to..

be loft upon it, near to the lower end of the body of the tefticle.

The nerves which fupply this mufcle are, probably, branches from the

nerves of the obliquus internus and tranfverfalis mufcles ; for the fame

caufe which throws the abdominal mufcles into aftion, produces a fimilar

effed: on the mufculus teftis ; which circumftance appears to be moft re-

markable in the young fubjed:. When we cough or aft with the abdo-

minal mufcles, we find the tefticles to be drawn up; the mufculus teftis

and abdominal mufcles taking on the fame adlion from the fame caufe.

At this time of life the teftis is connefted in a very particular manner

with the parietes of the abdomen, at that place where in adult bodies the

fpermatic veilels pafs out, and likewife with the fcrotum. This connec-

tion is by means of a fubftance which runs down from the lower end of

the teftis to the fcrotum, and which at prefent I fhall call the ligament,.

or gubernaculum teftis, becaufe it connecfts the teftis with the fcrotum.
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and feems to dired its courfe through the rings of the abdominal mufcles.

It is of a pyramidal form j its large bulbous head is upwards, and fixed to

the lower end of the teftis and epididymis, and its lower and flender extre-

mity is loft in the cellular membrane of the fcrotum. The upper part of

this ligament is within the abdomen, before the pfoas, reaching from the

teftis to the groin, or to where the tefticle is to pafs out of the abdomen

;

whence the ligament runs down into the fcrotum, precifely in the fame man-
ner as the fpermatic veflels pafs down in adult bodies, and is there loft.

The lower part of the round ligament of the uterus, in a foetus, very much
refembles this ligament of the teftis, and may be plainly traced down into

the labium, where it is imperceptibly loft. That part of the ligamentum

teftis, which is within the abdomen, is covered by the peritoneum all

round, except at its pofterior part, which is contiguous to the pfoas, and

connefted with it by the reflected peritonaeum, and by the cellular mem-
brane. It is hard to fay what is the ftruclure or compofition of this

ligament : it is certainly vafcular and fibrous, and the fibres run in the

direction of the ligament itfelf, which is covered by the fibres of the cre-

mafter er mufculus teftis, placed immediately behind the peritonseum.

This circumftance is not eafily afcertained in the human fubjeft ; but is

very evident in other animals, more efpecially in thofe whofe tefticles

remain in the cavity of the abdomen after the animal is fullgrown.

In the hedgehog, the teftes continue through life to be lodged vv'ithin

the abdomen, in the fame fituation as in the human foetus ; and they are

faftened by the fame kind of ligament to the infide of the parietes of the

abdomen at the groin. Now, in that animal, I find that the lowermoft

fibres of the internal oblique mufcle, which conftitute the cremafter, are

turned inwards at the place where the fpermatic vefi^els come out in other

animals, making a fmcoth edge, or lip, by their inverfion ; and that then

they mount up on the ligament to the lower end of the teftis. Sometimes

in the human body, and in many other animals, and very often in iheep,

the teftes do not defcend from the cavity of the abdomen till late in lifcj

or never at all. In the ram, when the teftis is come down into the

fcrotum, the cremafter is a very ftrong mufcle ; and, though it be placed

more inwards at its beginning, it pafies down pretty much as it does in

«
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the human body, and is loft on the outfide of the tunica vaginalis : but

in the ram, whafe teftis ftill remains fufpended in the abdominal cavity,.

I find that the cremafter ftill exifts, though it is a weaker mufcle ; and

inftead of paffing downwards, as in the former cafe, it turns inwards

and upwards, and is loft in the peritoneum that covers the ligament

which attaches the teftis to the parietes of the abdomen ; which, in this

ftate of the animal is about an inch and a half in length. In the human

foetus, while the teftis is retained in the cavity of tlie abdomen, the cre-

mafter is fo {lender that I cannot trace it to my own fatisfad;ion, either

turning up towards the teftis, or turning down towards the fcrotum. Yet

from analogy we may conclude that it palTes up to the tefticle ; fmce,

in the adult, we find it inferted or loft on the lower part of the tunica

vaginalis, in the fame manner as in the adult quadruped.

The peritonasum, which covers the teftis and its ligament or guberna-

culum, is firmly united to the furfaces of thefe two bodies ^ but all around,.

to wit, on the kidney, the pfoas, the iliacus internus, and the lower part

of the abdominal mufcles, that membrane adheres very loofely to all the

furfaces which it covers. Where the peritoneum is continued or reflefted

from the abdominal mufcles to the ligament of the teftis, it paffes firft

dovs'nwards a little way, as if going out of the abdomen ; and then up-

wards, fo as to cover more of the ligament than is within the cavity

of the abdomen. At this place the peritonaeum is very loofe, thin in its

fubftance, and of a tender gelatinous texture ; but all around the pafiage

of that ligament, the peritoneum is confiderably tighter, thicker, and of

a more firm texture. When the abdominal mufcles are pulled up fo as to

tighten and ftretch the peritonaeum, this membrane remains loofe at the

paflage of the ligament, while it is braced or tight all around ; and in

that cafe the tight part forms a kind of border or edge around the loofe

double part of the peritoneum, where the teftis is afterwards to pafs.

This loofe part of the peritoneum, like the intro-fufcepted gut, may, by

drawing the teftis upwards, be pulled up into the abdomen, and made

tight ; and then there is no appearance of an aperture or pafiage down

towards the fcrotum ; but when the fcrotum and ligament are drawn

downwards, the loofe doubled part of the peritoneum defcends with the

%
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ligament, and then there is an aperture from the cavity of the abdomen

all around the forepart of the ligament, which feems ready to receive the

teflis. This aperture becomes larger vs^hen the teftis defcends lower, as

if the pyramidal or wedge-like ligament was iirft drawn down, in order

not only to diredt, but to make room for the teftis which mufl follow it.

In fome foetufes I have found the aperture fo large, that I could pufh the

teftis into it, as far as the tendon of the external oblique mufcle.

From this original fituation within the abdomen, the teftis afterwards

defcends to its deftined ftation in the fcrotum ; but it becomes difficult to

afcertain the precife time of this defcent, as we hardly ever know the

exad age of our fubje6t. According to the obfervations which I have made,

it feems to happen fooner in fome inftances than in others j but generally

about the eighth month. In the feventh month I have commonly found

the teftis in the abdomen ; and in the ninth I have as commonly found

it in the upper part of the fcrotum. The defcent being thus early, and

the paffage being almoft immediately clofed, are the principal means of

preventing the hernia congenita.

At the beforementioned period, the teftis moves downwards till its

lower extremity comes into contadl with the lower part of the abdominal

parietes : when the upper part of the ligament, which hitherto was within

the abdomen, has funk downwards, it lies in the palTage from the abdo-

men to the fcrotum, and in that which is afterwards to receive the teftis.

As the tefticle pafTes out, it in fome degree inverts the fituation of the

ligament paffing down beyond it ; what was the anterior furface of the

ligament, while in the abdomen, now becoming poftefior and cOmpofing

the lower and anterior part of the tunica vaginalis, on which the mufculus

teftis is loft. This is more evident in thofe animals whofe teftlcles can

readily be made to pafs up from the fcrotum to the abdomen. The place

where the ligament is moft confined, and where the teftis meets with

moft obftruftion in its defcent, is the ring in the tendon of the external

oblique mufcle ; and accordingly I think we fee more men with one teftis,

or both, lodged immediately within the tendon of that mufcle, than who
have one or both ftill included in the cavity of the abdomen, which I

fliall take notice of hereafter.

C
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After the teftis has got quite through the tendon of the external obhque

mufcle, it may be confidered as now in a way eafily to acquire its deter-

mined ftation ; though it commonly remains for fome time by the fide of

the penis, and only by degrees defcends to the bottom of the fcrotum : and

when the teftis has defcended entirely into the fcrotum, its ligament is ftill

connefted with it, and lies immediately under it, but is Ihortened and

comprelTed.

Having now given an account of the original fituation of the teftes, of

the time of their defcent from the abdomen, and of the route which they

take in their palTage to the fcrotum, I fhall in the next place defcribe

the manner in which they carry down the peritonaeum with them, and

then explain how that membrane forms the tunica vaginalis propria in

common, and the fac of the hernia congenita in fome bodies.

While the teftis is defcending, and even when it has palled into the

fcrotum, it is ftill covered by the peritonaeum, exadtly in the fame manner

as when within the abdomen ; the fpermatic velTels running down be-

hind the peritonaeum there, as they did when the teftis lay before the

pfoas mufcle : that lamella of the peritonsum is united behind with the

teftis, the epididymis, and the fpermatic veflels, as it was in the loins, and

likewife with the vas ferens j but the teftis is fixed pofteriorly to the parts

againft which it refts, being unconnedled and loofe forwards, as while it

remained in the abdomen. In coming down, the teftis brings the peri-

toneum with it ; and the elongation of that membrane 3 though in fome

circumftances it be like a common hernial fac, yet in others is very dif-

ferent. If we can imagine a common hernial fac reaching to the bottom

of the fcrotum, covered by the cremafter mufcle ^ and that the pofte-

rior half of the fac covers, and is united with, the teftis, epididymis,

fpermatic veflels, and vas deferens i and that the anterior half of the fac

lies loofe before all thofe parts, it will give a perfeft idea of the ftate of

the peritonsum, and of the teftis when it comes firft down into the

fcrotum. The teftis, therefore, in its defcent, does not fall loofe, like

the inteftine or epiploon, into the elongation of the peritonjeum ; but

Hides down from the loins, carrying the peritonaeum with it ; and both,

that and the peritoneum continue to adhere, by the cellular membrane.
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to the parts behind them, as they did when in the loins. This is a cir-

cumftance which I think may be eafily underflood ; and yet that does

not appear to be the cafe ; for I find ftudents very generally puzzled

with it J imagining that, when the teflis comes firfl down, it fhouid

be loofe all round, like a piece of the gut or epiploon in a common
hernia. The dudtility of the peritonaeum, and its very loofe connection

by a flight cellular membrane to the pfoas mufcle, and all the other

parts around the teflis, are circumftances which favour its elonga-

tion and defcent into the fcrotum with the teftis. This peculiarity of

defcent often takes place in fome of the inteflines ; but can only happen,

in thofe which have adhefions to the loins. This I fufpeft is only to be

met with in old ruptures ; never happening at the firfl formation of the

hernial fac, in which the intefline lies ; and, I fhould fuppofe, could

only form very gradually. The cascum has fometimes been found to

have defcended into the fcrotum, and to have brought along with it

the adhefions through its whole courfe. The fame thing has happened

to the figmoide flexure of the colon i and I have found the whole of it in

the left fide of the fcrotum, with its adhefions brought down from the

loins. Such hernis cannot be reduced ; and in cafe of flrangulation,

which may be brought on by a frefli portion of inteftine coming down,

are not to be treated in the common way ; the fac fhould not be opened,

but the flridure divided, and the newly protruded part reduced.

It is plain, from this defcription, that the cavity of the bag, or of the

elongation of the peritonaeum, which contains the teflis in the fcrotum,

mufl at firfl communicate with the general cavity of the abdomen, by an

aperture at the infide of the groin. That aperture has exactly the ap-

pearance of a common hernial fac j the fpermatic vefTels and vas deferens

lie immediately behind it, and a probe paflTes readily through it from the

general cavity of the abdomen down to the bottom of the fcrotum. And

if this procefs of the peritonaeum be laid open through its whole length

on the forepart, it will be plainly feen to be a continuation of the perito-

naeum : the teftis and epididymis will appear at the lower part of it ; and

the fpermatic veffels and the vas deferens will be found covered by the

pofterior part of the bag, in their whole courfe from the groin to the teflis.
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Thus it is in the human body, when the teftis is recently come down j

and thus it is, and continues to be through life, in every quadruped which

I have examined, where the teftis is in the fcrotum ; but in the human

body, the communication between the fac and the cavity of the abdomen

is foon cut off. Indeed I believe that the upper part of the fac naturally

begins to contradl as foon as the teftis has pafled through the mufclesj

which opinion is grounded on the following obfervation : In an in-

ftance where from the age of the foetus, and from every other mark, it

was probable that the teftis was very recently come down, and yet the

upper part of the fac was very narrow I, puftied the teftis upwards, in

order to fee if it could be returned : the attachments of the teftis eafily

admitted of its afcent, and fo did the aperture in the tendon of the ex-

ternal oblique mufcle ; but the orifice and upper end of the fac would not,

by any means, admit of the teftis being pafled quite up into the abdomen.

However this may be, the upper end of the fac certainly contradls and

unites firft, and is quite clofed in a very fliort fpace of time ; for it is

feldom that any aperture remains in a child born at its full time ; and

this contraftion and union is continued downwards till it comes near the

tefticle, where this difpofition does not exift, leaving the lower part of

the fac open or loofe, through life, even in the human fubjed:, and

forming the tunica teftis vaginalis propria, the common feat of an hy-

drocele. Many cafes of hydrocele, in children, feem to prove that the

progrefs of this contradtion and union is downwards ; for in them the

water commonly extends higher up the chord than in the adult, except

in thofe of a confiderable ftze : yet in fome children this union feems not

to take place regularly, being interrupted in the middle, and producing

an hydrocele of the chord, which neither communicates with the abdomen

nor tunica vaginalis teftis. The contraftion and obliteration of the paftage,

appears to be a peculiar operation of Nature, depending upon fteady and

uniform principles, and not the confequence of inflammation, nor of any

thing that is accidental j and, therefore, if it is not accompliftied at the

proper time, the difSculty of bringing about an union of the parts is much
greater, as is feen in children who have had the fac kept open by a turn

of the inteftine falling down into the fcrotum immediately after the teftis.
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This looks as if Nature, from being balked when fhe was in the humour

to do her work, would not, or could not fo eafily do it afterwards.

I fhall readily grant that what has been advanced here as a proof of the

dodlrine, may be explained upon other principles : but this, at leaft, is cer-

tain, that the clofing of the mouth, and of the neck of the fac, is peculiar

to the human fpecies ; and we muft fuppofe the final intention to be, the

prevention of ruptures, to which men are fo much more liable than beafts,

from their ereft ftate of body. In fome cafes the aperture of the fac is

not entirely clofed, allowing a fluid to pafs down and form an hydrocele j

which fluid, upon prefTure, can be fqueezed back into the belly : and

inltances of this kind fometimes giving the idea of a gut being protruded,

make it difficult to determine the exadl nature of the cafe.

What is the immediate caufe of the defcent of the teftis from the loins

to the fcrotum ? It is evident, that it cannot be the compreffive force of

refpiration ; becaufe, the teftis is commonly in the fcrotum before the

child has breathed ; that is, the effedl has been produced before the fup-

pofed caufe has exifted. Is the teftis pulled down by the cremafter

mufcle ? I can hardly fuppofe that it is ; becaufe, if that was the cafe, I

fee no reafon why it ftaould not take place in the hedgehog, as well as

in other quadrupeds ; and if the mufculus teftis had this power, it could

not bring it lower than the ring of the mufcle.

Why do the teftes take their blood-veffels from fuch diftant trunks ?

Thofe phyfiologifts, who have puzzled themfelves about the folution of

this queftion, have not confidered, that in the firft formation of the body,

the teftes are fituated, not in the fcrotum, but immediately below the

kidneys ; and that, therefore, it was very natural that their blood-veftels

fhould rife nearly in the fame manner as thofe of the kidneys, but a little

lower. The great length of the fpermatic vefl"els in the adult body will

no doubt occafion a more languid circulation, which, we may fuppofe,

was the intention of Nature.

The fituation of the teftis in the fcetus may likewife account for the

contrary diredlions of the epididymis and of the vas deferens in adult

bodies, though thefe two in reality make only one excretory canal. In

the fcetus the epididymis begins at the upper end of the teftis ; and it is
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natural, confidering it as an excretory tube, that it fhould run down-

wards. And it is as natural that the reft of the tube, which is called

vas deferens, fliould turn inwards at the lower end of the teftis, becaufe

that is its.moft direcft courfe to the neck of the bladder. Thus we fee

that in the foetus the excretory du(5l is always paffing downwards. But

the teftis is direded in its defcent by the gubernaculum, which is firmly

fixed to the lower parts of the teftis and epididymis, and to the beginning

of the vas deferens, and thence muft keep thofe parts invariably in their

fituation with refpedl to one another : and therefore in proportion as the

teftis defcends, the vas deferens muft afcend from the lower end of the

teftis ; and it muft, from the paflage through the abdominal mufcles,

down to the teftis, run parallel with the fpermatic veffels.

The teftis, its coats, and the fpermatic chord, are fo often concerned

in fome of the moft important difeafes and operations of furgery, parti-

cularly in the bubonocele and hydrocele, that their ftrudure has been

examined and defcribed by the furgeons, as well as by the anatomifts, of

every age. Yet the defcriptions of the cleareft and beft writers upon the

fubjed: differ fo much from one another, and many of them differ fo much
from what is obvious and demonftrable by diflection, as to render it

difficult to account for fuch a variety of opinions. The very different

ftate of the parts in the quadruped, and in the human body, no doubt,

muft have occafioned error and confufion among the writers of more an-

cient times, when the parts of the human body were defcribed from

difleftions and obfervations made principally upon brutes : and the

ftrudture of parts, which are peculiar to the foetus, having been im-

perfeftly underftood, we may fuppofe, has likewife contributed to caufe

perplexity and contradition among authors.

Baron- Haller, in his Opufcula Pathologica, hasobferved, that in infants

the inteftine fometimes falls down into the fcrotum after the teftis, or along

with it, and occafions what he calls, the hernia congenita. In fuch a cafe,

the hernial fac is formed before the inteftine falls down, as that ingenious

anatomift has obferved. There are, befides, two circumftances peculiar

to a rupture of this kind, the inteftine being always in immediate contact
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with the teftis, and there being no tunica vaginalis propria teftis. The

flrufture of the parts, in a fcetus, explains, in the moft fatisfadtory man-

ner, both thefe circumftances, however extraordinary they muft appear to

a man who has only been accuftomed to view the parts in fubjefts of a

more advanced age ; and, indeed, it is fo clear that it needs no illuftration.

It ihould be obferved, however, that the hernia congenita may happen, not

only by the inteftine falling down to the teftis before the aperture of the

fac be fhut up, but perhaps afterwards : for when the fac has been but

recently clofed, it feems poffible enough that violence may open it again.

It muft likewife be obvious to every anatomift, who examines the ftate

of the teftis in children of different ages, that the mouth and neck only of

the fac clofe up, and that the lower part of the fac rem.ains loofearound

the teftis, and makes the tunica vaginalis propria. Whence it is plain,

that this tunic was originally a part of the elongated peritonseum ; and,

as it is undoubtedly the feat of the true hydrocele, it is alfo plain that

the hernia congenita and the true hydrocele cannot exift together in the

fame fide of the fcrotum. For when there is a hernia congenita, there

is no other cavity than that of the hernial facj and that cavity commu-
nicates with the general cavity of the abdomen.

The obfervations, contained in the two laft paragraphs, occurred to my
brother upon reading Baron Haller's Opufcula Pathologica, and gave rife

to my inquiries upon this fubjed;.

Having explained the fituation of the tefticles in the fcetus, and their

defcent, with the circumftances attending it, I fhall next confider the cafes

in which the change takes place, in one or both tefticles, later than the

iifual or natural time. And having remarked the confequences of this

defcent, at fo late a period, I fhall take notice of thofe inftances in which

the tefticles never pafs out of the abdomen.

I have faid, that the early defcent of the tefticles, and clofing of the

mouth of the fac, by ufually happening before birth, prevent likewife the

defcent of any part of the abdominal vifcera ; but when the tefticles re-

main in their firfl fituation beyond this period, thefe advantages are loft ;

a part of the inteftines or epiploon being, under thefe circumftances, liable

to defcend along with them.
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The j&rft or natural procefs, in fome inftances, not having been begun,

or having been interrupted before birth, it becomes afterwards very uncer-

tain M'hen the defcent will be completed : yet I think the completion

moft frequently happens between the years of two and ten, while the per-

fon is young and growing, being feldom delayed beyond the age of puberty.

It is not eafy to afcertain the caufe of this failure in the defcent of the

tefticle ; but I am inclined to fufpedl that the fault originates in the

tefticles themfelves : this however is certain, that the tefticle which has

completed its defcent, is the largeft, which is more evident in the quad-

ruped than in the human fubjedt ; as in thefe we can have an opportunity

of examining the parts when we pleafe, and can determine how fmall, in

comparifon with the other, that tefticle is which has exceeded the ufual

time of coming down : it never defcends fo low as the other.

The defcent of that tefticle is very flow, which is not completed before

birth, often requiring years for that purpofe ; and it fometimes never reaches

the fcrotum, efpecially the lower part of it. There is oftner I believe an

inequality in the fituation of the two tefticles, than is commonly ima-

gined i being feldom equally low in the fcrotum : and I am of opinion

that the loweft is the moft vigorous, having taken the lead readily, and

come to its place at once. The part where it meets with the greateft

difficulty in its defcent is, in the divilion of the tendon of the external

oblique mufcle called, the ring.

How far an eredt pofition of body, the acflion of the abdominal muf-

cies, and the effed produced upon the contents of the abdomen in breath-

ing, may contribute mechanically to the defcent of the tefticles when the

natural operations of the animal oeconomy have failed, I will not pretend

to decide ; but when we fee thefe combined adtions producing an unna-

tural defcent of a portion of inteftine, we may conceive that they are

likewife capable of contributing to the defcent of the tefticle.

When the tefticle has remained in the cavity of the abdomen beyond

the ufual time, it is impoflible to fay whether the difpofition for clofmg

up the paflage, after it has pafltd out, is in any degree loft or not ; but

when it comes down after birth, we can eafily fuppofe a portion of in-

teftine or epiploon is more likely to defcend and prevent the clofing of
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the mouth of the fac, than before the child was born when certain

adions had not taken place. We fliould therefore watch this defcent of

the tefticle, and endeavour, by art, to procure that union which the na-

tural powers are either not difpofed to perform, or are prevented from

completing by the defcent of other parts : but art ihould not be ufed too

foon, nor till the tefticle has got a little way below the ring. As this

progrefs is very flow, efpecially when the tefticle is creeping through the

ring, a doubt often arifes, whether it is better entirely to prevent its paf-

fage, or to afTift it by exercife or other means ; and it would certainly be

the beft pradice to affift it, if that could be done effedually and fafely.

When it has got upon the outfide of the tendon it can in general be eafily

puftied up again into the abdomen ; and in thefe two fituations it will

fometimes play backwards and forwards, for feveral years, without ever

coming low enough to allow of the ufe of artificial means to hinder its

defcent, or to prevent a rupture. In this cafe it becomes difficult to de-

termine what fliould be done 3 but, from what I have feen, I fhould be

inclined to wait the defcent, giving it every affiftance in my power. In-

deed, in all cafes, I would advife waiting with patience ; for in moft of

thofe which I have feen, years have elapfed from the firft appearance of

the tefticle under the ring of the abdominal mufcle before it has reached

that ntuation in which we may fafely apply a trufs. I never have per-

ceived that any inconvenience has arifen from waiting ; and the danger,

if there is any, may be in fome degree avoided. I have always, recom-

mended moderate, not violent exercife.

When the tefticle has got fome way below the ring, then the cafe is to

be treated as an inguinal hernia, and a trufs applied upon the ring

;

taking care that the tefticle is not injured by it ; but as this generally

happens at too early a period for the patients themfelves to be capable of

attending to it, the furgeon who is employed fhould be very attentive, and

thofe in whofe immediate care they are, particularly watchful, that no

inconvenience is produced by the trufs. I have, however, known a rup-

ture happen in a man thirty years old, where the tefticle had not even got

into the ring. In fuch a cafe, I think a trufs fhould be immediately ap«

D



:i'8 OF THE SITUATION OF THE TESTIS IN THE FOETUS.

plied. For, if it is thought advifable to prevent the tefticle from coming

down, a trufs is equally adapted for that purpofe, as for hindering the

defcent of an inteftine where there is an hernial fac.

It fometimes happens, that one of the tefticles remains in the cavity of

the abdomen through life, never acquiring the difpofition to change its

fituation ; therefore the perfon naturally concludes that he has only one

tefticle ; and it can only be known that he had two by an examination of

thefe parts after death : it is, however, poffible that in fome inflances one

may be wanting ; but, if we are to reafon from analogy, we mufl fuppofe

this to be a very rare cafe ; for it is a very common circumftance, that ma-

ny quadrupeds have only one tefticle in the fcrotum ; and in fuch as are

killed for food, and from that circumftance come more particularly under

obfervation, if this peculiarity has been noticed, we in general find the

other tefticle in the cavity of the abdomen j though in fome inftances

they are both found lying in that cavity.

When one or both tefticles remain through life in the belly, I believe

that they are exceedingly imperfedt, and, probably, incapable of perform-

ing their natural fundtions ; and that this imperfedion prevents the difpo-

fttion for defcent from taking place. That they are more defed:ive than

even thofe which are late in palling to the fcrotum, is to be inferred from

what is very evident in quadrupeds ; the tefticle, that has reached the

fcrotum, being in them confiderably larger than the one which remains

in the abdomen. It is probable, that this peculiarity is a ftep towards

the hermaphrodite ; the tefticle being feldom well formed. I have only

feen one cafe, in the human, where both tefticles continued in the ab-

domen ; this proved an exception to the above obfervation, fince we are

led to conclude, that they were perfeftly formed, as the perfon had all the

powers and paflions of a man. In fuch cafes nothing is to be done

by art J as it is not poftible to give the tefticles the ftimulus of perfedlion,

which I believe is neceflary to make them aftume the difpofttion requifite

for their defcent ; and the ring of the external oblique mufcle is perhaps

lefs liable, in fuch inftances, to allow a portion of inteftine to pufli down,

than where the tefticles have palled through it ; and fuch perfons may,

probably, be more fecure from accidents of this kind than if they had

been more perfed:ly formed.
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The tefticle in changing its fituation, does not always preferve a pro-

per courfe towards the fcrotum ^ there being inftances of its taking

another diredlion, and defcending into the perinseum. How this is

brought about, is difficult to fay ; it may poffibly be occaiioned by

fbmething unufual in the conftrudtion of the fcrotum ; or, more proba-

ably, by a peculiarity in that of the perineum itfelf. For it is not eaiy

to imagine how the tefticle could make its way to the parts about the

perineum, if thefe were in a perfefily natural ftate.

The firft inftance of this kind, that occurred to me, v/as the child of

a fhopkeeper in Oxford Street, which I vifited in company with Dr.

Garthfhore, about the year 1775 ; but what became of the patient af-

terwards, I do not know. I have lately been confulted, in a fimilar cafe,

by Mr. Hunt, a fargeon, at Burford in Oxfordlhire, whofe apprehenfions

of what may be the confequences of a tefticle remaining in the perinseum,

appear to be well founded. The moft effeftual method of obviating

thefe will, probably, be to fupport the tefticle in a fituation near the

groin, by the application of a bandage that may hinder its defcent Into

the perinseum j by which the parts may be in time fo confolidated, as,

to retain it by the fide of the fcrotum.

" Dear Sir,

I take the liberty of writing to you, in

confequence of having met with a lufus nature of a peculiar kind, in the

fon of a man in this neighbourhood.

The boy is about twelve months old; his right tefticle is fituated

about an inch below the termination of the fcrotum, and half an inch

on the right fide of the centre of the rapha perinsi, where a kind of

pouch is formed of the common integuments, without the leaft rugous or,

fcrotal appearance on its furface. It is perfedtly detached from the fcro-

tum ; nor can the teftis or fpermatic procefs be at any time felt in any^

part of the fcrotum, though I can readily make the teftis pafs from its-

fituation quite up into the groin ; but immediately upon removing my
hand, the teftis falls down into its ponch ; and I can. trace the fpermatic
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chord from the body of the teftes up to the ring, running about a fourth

of an inch on the right fide of the fcrotum. The fcrotum, on each

fde, appears perfedly formed ; and the left teflis is in fitu naturali.

Now, Sir, as I conceive this pecuHar conformation may be attended

with great inconvenience to the child when he comes to ride on horfe-

back, and on many other occafions, I beg leave to requefl your opinion

upon it, with refpedt to what ought to be done to prevent accidents

which muft, if left in its prefent fituation, often occur.

Burford, (Signed) Thomas Hunt."

Oxfordfhire.

To illuftrate the defcriptions which I have given, I have annexed thre«

figures that were carefully taken from Nature.
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PLATE I.

THE lirfl- figure reprefents the teftes within the abdomen, in an abor-

tive foetus of about fix months. All the inteftines, except the reitum,

are removed ; and the peritonaeum, in moft places is left upon the furfaces

. which it covers, fo that the parts have not that fliarpnefs and diflindl ap-

pearance which might have been given to them by dilTeftion. The out-

line is placed below, on which the letters of reference are marked ; and

the eye Ihould be carried from the defcription to the letters of reference,

and from them immediately to the correfponding part in the figure.

A The upper part of the object, covered with a cloth.

BB The thighs.

C The penis.

D The fcrotum.

E The flap of the integuments, abdominal mufcles, and peritoneum, of

the right fide, turned back over the os ilium, to bring the teflis into

view.

F The flap of the fkin, and cellular membrane of the left fide, difpofed

in the fame manner.

G The flap of the abdominal mufcles, and of the peritonaeum of the

left fide, turned back over the fpine of the os ilium. The lower

part of this flap is cut away, in order to fhow the ligament of the

teflis pafling down through the ring into the fcrotum.

HH The lower part of each kidney.

I The projedlion formed by the lower vertebrae lumborum, and by the

bifurcation of the aorta and vena cava.

K The reftum filled with meconium, and tied at its upper part where
the colon was cut away.

L That branch of the inferior mefenteric artery which was going to the

colon.
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M The lower branch of the fame artery, which went down into the

pelvis behind the reftum.

N The pofterior furface of the cavity of the bladder ; the anterior

part, v/hich is higher than the offa pubis in fo young a foetus, being

cut av^ay.

00 The hypogafcric, or umbilical arteries, cut through, where they

were turning up by the fides of the bladder in their way to the

navel.

PP The ureter of each fide pafling down before the pfoas mufcle and

iliac veflels, in its courfe to the lower part of the bladder.

Q(^ The fpermatic' arteries running a little ferpentine.

RPv The teftes fituated before the pfos mufcles, a little higher than the

inguina. In this figure the interior edge of the teftis is turned a

little outwards, to fliow the fpermatic veifels coming forwards to the

pofterior edge of the teflis, in the duplicature of the peritonseum i

which duplicature connedls the teftis, inclofes its veifels, and gives

it an external fmooth coat, much after the fame manner as the du-

plicature of the mefentery connects the intefline, conveys it veifels,

and gives it a poliihed covering.

The beginning of the epididymis is feen at the upper end of the teftis,.

from which it runs down on the outiide (and therefore in this view

behind the body) of the teftis.

SS The vas deferens of each fide, pailing acrofs, in a ferpentine courfe,

from the extremity of the epididymis at the outfide of the lower end

of the teftis, and then before the lower part of the ureter, in its way

to the veficula feminalis.

TT What I have called the gubernacula, or ligaments of the teftes in a

foetus. On the left fide this ligament is entire, and expofed in its

whole length, the rings, fkin of the groin, and fcrotum, being re-

moved, fo that it is feen going down from the lower end of the teftis

into the fcrotum ; but on the right fide, its upper and forepart is

cut away, that the continuity of the epididymis and vas deferens

may be feen ; and no more of the ligament is exhibited thaa what

is fituated within the cavity of the abdomen.
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A^. B. The lower part of the ligament, as it is feen in the right fide of

this figure, lies fo loofe in the paffage through the mufcles, and is there

fo loofely covered by the peritonaeum, that, when the teftis is pulled up,

more of the ligament is icen within the cavity of the abdomen, and then

the peritonasum is made tight and fmooth at that place j but, on the

contrary, when the fcrotum is pulled downwards, the lower part of the

ligament is dragged fome way down through the paffage in the mufcles^

and the loofe peritoneum is carried along with it ; fo that then there is

a fmall elongation of that membrane, with an orifice from the cavity of

the belly, like the mouth of a fmall hernial fac, on the forepart of the

ligament.
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PLATE 11.

THE fecond figure reprefents nearly the fame parts in a foetus, fome-

what older, in order to fhow the ftate of the teftes when they have

recently defcended from the abdomen into the fcrotum. The fmall inte-

flines are removed, and the large inteilines are left in their natural fitua-

tion, not now obflrufting the view of the teftes. On the left fide the

integuments only are removed, which fliows the chord pafTing out

through the ring, with the tefticle in the vaginal coat. On the right,

the ring is cut through, and the whole vaginal coat is flit open, expo-

fmg the tefticle and chord.

AA The liver, in outlines.

BB The thighs, unfiniflied.

C The penis.

D The middle part of the fcrotum ; on each fide of which the forepart

of the fcrotum is cut away, that the teftes may be feen.

EE The two flaps of the flcin, and of the cellular membrane, difledled

off from the lower part of the abdomen, and turned down upon the

thighs.

F The inteftinum caecum.

GG The appendicula coeci vermiformis.

H The arch of the colon.

I The turn of the colon under the fpleen.

K The colon pafling down on the outfide of the left kidney.

L The laft turn of the colon, commonly called its flgmoide flexure,

which in adults is feated quite in the cavity of the pelvis.

M The beginning of the re6lum.

N Part of the abdominal mufcles of the right fide, with the fmooth

inverting peritonjeum, turned out over the Ipine of the os ilium.

00 The lower part of the obliquus externus mufcle of the left fide,

E
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P The lower part of the re6lus mufcle of the right fide, turned out-

M'ards, and towards the left fide, fo that the epigafiric artery is feen

going to the infide of that mufcle.

Q__ The forepart of the bladder.

R The urachus, (as it is called.)

5 The crural veflels coming into the thigh from behind the ligamentum

Fallopii.

T The external appearance of the fpermatic rope of the left fide.

U The external appearance of the tefi:is, when its tunica vaginalis, or

procefs of the peritoneum, is a little diftended with air or water

poured into it from the cavity of the abdomen.

V The right tefi:is, brought fully into view by laying open the procefs

of the peritonceum in its whole length.

W The head of the epididymis, of the fame fide.

XX The fpermatic veifels.

Y The vas deferens.

Z The UiCter.

6 The remains of the gubernaculum, or ligament, which bound and

conducted the teftis to the fcrotum.

N. B. It is evident, that part of the peritonaeum, which In this figure

is carried down in the form of an hernial fac to a little below the teftis,

lies before the teftis, epididymis, fpermatic velTels, and vas deferens, and

that it covers thofe parts in the fame manner as it covers the abdominal

vifcera, viz. The pofterior part of the fac (fuppofing tile fac to be cut

lengthways into two halves) is united with them, and gives them a

fmooth furface ; while the anterior half of the fac lies loofe before them,

and may be removed to feme diftance from them, as when the fac is di-

ftended with water.
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PLATE III.

THE third figure reprefents the tefles, &c. in the fame fubje6l| all

the parts above the offa ilium being removed, and the abdominal mufcles

of the kft fide turned down, to Hiow the. opening of the fac into, or

from the abdomen; the bladder being likev/ife turned downwards, to

fliov/ the vafa deferentia winding round behind it.

AA The thighs, unfinifhed.

B The penis.

C The middle part of the fcrotum, its lateral parts being removed, to

fliow the teftes.

DD The fkin and cellular membrane of the abdomen turned down over

the thighs.

EE Part of the abdominal mufcles and peritoneum turned down at each

groin.

FF The peritonaeum covering the iliacus internus mufcle of each fide.

G The inteftinum redlum filled with meconium.

H The bladder with the umbilical artery on each fide of it, turned a

little forwards over the fymphyfis of the pubes,

II The ureters pafllng over the iliac vefi'els to the pelvis.

K The right teftis expofed, as in Fig. 2. V. W. XX. Y.

L The left tefi:is inclofed in the procefs of the peritoneum. See Fig. 2.

U.

M The fpermatic vefiTels of the left fide, feen through the peritonseum

which covers them, in their defcent through the abdominal mufcles

at the groin.

N The left vas deferens feen through the peritonaeum, in its pafi^age from

the mouth of the fac to the pollerior part of the bladder.

O The mouth, or aperture of the procefs of the peritonseum, whereby

its mouth or cavity communicates with the general cavity of the
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belly. This aperture clofes up, and the membrane becomes fmooth
' at this place, when the foetus grows a little older j unlefs when the

gut falls down after the teftis, and keeps it open: in that cafe it

makes the mouth of the hernial fac.

P The left epigaftric artery branching upon the infide of the redlus muf-

cle, which is here turned downwards and outwards. This artery

is always fituated, as in this figure, on the infide of the mouth of

the hernial fac, or paffage of the fpermatic veflels.
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PLATE IV,

A fide view of the pelvis of a young ram, to fhow the right teflicle

remaining in the cavity of the abdomen, after the left had come down,

but which is removed with that half of the pelvis.

The tefticle which lies in the loins is flatter than common, and is only

attached by one edge, which is piincipally by the epididymis ; there is

alfo a ligament pafTmg from the upper part of the common attachment

which binds the tellicle to the pofterior part of the abdominal mufcles j

this is analogous to the ligament that attaches the ovarium to the fame

part in the female quadruped.

The epididymis paifes along the outer or pofterior edge; and at the

lower part becomes larger and pendulous, making a little twift upon

itfelf where it becomes vas deferens.

The vas deferens is a little contorted, and pafles down obliquely over

the pfoas mufcle to the bladder.

From the lower end of the tefticle there is a ridge continued along the

pfoas mufcle through the abdominal ring, going on to the fcrotum, which

is moil probably the gubernaculum ; but it was fo much covered by a

hard fuety fat, that I could not exaftly afcertain its ftrudure : at the

lower part of this ridge, about an inch and a half from the ring, I found

the termination of the cremafter, which was a tolerably large mufcle

;

part of its fibres feemed to arife in common with tl:ie internal oblique;

while the reft appeared to come from the pfoas and ihacus internus behind

it ; the outer portion palled inwards and downwards, and fpread upon the

forepart of the ridge, or gubernaculum, where the greateft part of its

fibres were loft, and the reft of them were continued into the backpart of

it. The pofterior portion got upon the infide of the ridge and was loft

in the fame manner as the former.

A The infide of the thigh, only having the outline drawn,

BB The infide of Lie abdominal mufcles fpread out»
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C The fymphyfis of the OS pubis.

P The muill.s of the thi h cut through at their origin where they

arife from a mid Ue tendon.

E The lower e ^r" of the right kidney.

FG The ihac veffels expofed to fhow their fituation.

H The remains of the umbilical artery.

I The urinary bladder.

K The body of the right tefticle, with the ramifications of the veins

upon the furface.

L The epididymis.

M The vas deferens.

N The veficuls, commonly called feminalcs.
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OBSERVATIONS ON THE GLANDS SITUATED
BETWEEN THE RECTUM AND BLADDER,
CALLED VESICUL^ SEMINALES.

THOSE bags, in the male of fome animals, which are lituated be-

tween the bladder and redum, and commonly ^called veliculs

feminales, have been confidered as refervoirs of the femen fecreted by the

teflicles in the fame manner as the gall-bladder is fuppofed to be a refer-

voir of the bile. Phyfiologifls muft have been led to form this opinion,

from obferving, that in the human fubjedl their dufts communicate with

the vafa deferentia before their termination in the urethra. This com-

munication was fuppofed to allow the femen, when not immediately

wanted, to pafs into the bags from the vafa deferentia by a fpecies of re-

gurgitation. But more accurate obfervations refpefting their ftrudture and

contents in the human fubjeil, and on correfponding parts in other ani-

mals fuppofed to anfwer a fimilar purpofe, joined to the circumflance of

their not being found in every clafs, induced me to conclude that this

opinion was erroneous. To throw as much light upon this fubjed; as

poilible, I made a number of experiments, and availed myfelf of every

opportunity which offered, of examining whatever could in any way elu-

cidate the point ; and, from what I have been able to colled, I think it

will appear, that they cannot be confidered as refervoirs of the femen. .

To proceed regularly with my inveftigation, I fhall begin by compa-

ring the contents of thefe veiiculs with the femen as it is emitted from

the penis of a living man ; from Vv'hich comparifon it will appear that,

the two fecretions are very different in their fenfible properties of colour

and fmell j and although the femen which conftitutes the firfl: part of

the emiffion is evidently different from the laft, yet every part of it is,

unlike the mucus found in thele veficulas.

The femen, iirft difcharged from the living body, is of a bluifh white

eolour, in confiftence like cream, and fmilar to what is found in the
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•vafa deferentia after death 5 while that which follows, is fomewhat like

the common mucus of the nofe, but lefs vifcid. The femen becomes

more fluid upon expofure to the air, particularly that firft thrown out

;

which is the very reverfe of what happens to fecretions in general. The
fmell of the femen is maukifh and unpleafant, exaftly refembling that of

.the farina of the Spanifh chefnut ; and, to the tafte, though at firft in-

lipid, it has fo much pungency, as, after fome little time, to ftisi'ulate and

excite a degree of heat in the mouth. But the fluid contained in thefe

veficuls, in a dead body, is of a brownifh colour, and often varies in con-

fifl:ence in different parts of the bag, as if not well mixed. Its fmell

does not refemble that of the femen i neither does it become more fluid

by being expofed to the air.

It may, however, be anfwered to this, that the contents of the vdiculae

are generally found in a putrid ftate, and have, by that means, undergone

a change in their fenfible properties. But the objecflion is readily obviated

by comparing this fluid with that in the vafa deferentia as it comes from

the tefticles of the fame dead body, between which there appears to be

no refemblance. To be fliill more certain of the nature of what thefe

veflculae contain, than was poflible from the examination of bodies which

had been dead fome time, I took an opportunity of opening a man im-

mediately after his death, who had been killed by a cannon-ball. The

fluid in the veficulae was of a lighter colour than has ufually been found

in men who have been dead a conflderable time ; but it was not, by any

means, like the femen, either in colour or fmell. In another man who
died inftantaneoufly, in confequence of falling from a conflderable height,

whofe body I infpedled foon after the accident, the contents of the vefi-

culae were of a lightifli whey colour, having nothing of the fmell of fe-

men ; and in fo fluid a fl:ate as to run out on cutting into them.

I have likewife examined, with attention, a mucus which fome men
difcharge upon fl:raining hard while at fl:ool, or after throwing out the

laft drops of urine, an adtion which requires a conflderable exertion of

the parts. This difcharge is generally called a feminal weaknefs, and is

I believe commonly fuppofed to be the femen* ; but in all the cafes of

* Vide Treatife on the Venereal Difeafe, Edit, ift and and. page 197.
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this kind in which I have been confulted, it nearly refembled the contentis

of the veliculas in the dead body, though perhaps not quite of fo deep

a colour. I endeavoured, in vain, to perfuade a gentleman who had this

complaint, that the difcharge was not feminal ; till, by examining his

own femen, and comparing it with that mucus, he was convinced of the

difference. This gentleman had the power of emitting the femen in

the fame quantity as ufual, immediately after the mucus had been dif-

charged ; which is a further proof that this fluid is not femen*.

In this country, eunuchs feldom come under our examination ; but we

have fometimes opportunities of opening the bodies of thofe who have,

in confequence of difeafe or accident, loft one or both tefticles : and fe-

veral fubjefts of this kind I have infpedted after death. Perfons who

have had one tefticle taken away, will better illuftrate the point in dif-

pute, than thofe who have been deprived of both. For, it is to be pre-

fumed, that fuch men have afterwards had conneftion with women, and

confequently had the aftion of emiffion ; which muft have emptied the

veficulae of the caftrated iide, if thefe had contained femen ; and, as they

could not be replenifhed, they fbould have been found empty after death.

We have alfo, in fuch cafes, an opportunity of making comparative ob-

fervations between the veficulae of the perfect and thofe of the iraperfedt

fide. In the eunuch, fuch emiffions never can happen; for the tefticles

being gone, the natural and leading ftimulus is loft ; therefore, if in them

the veficulae were found full after death, it might be fuppofed to be the

femen which they had received from the tefticles before caftration, that

had remained there from the time of the operation : but caftration being,

in fuch cafes, ufually performed on children, this circumftance fhoud

rather be conlidered as a proof that they fecrete their own mucus. Yet

it is probable, the veficulae will neither be fo large nor fo full in eunuchs

as in the perfedt man ; for I am of opinion, that they are connected with

generation, and that if the conftitution is deprived of that power, thefe

* The difcharge was truly fuppofed to be the contents of the veficulas ; and it being

imagined that thofe contained femen, according to this reafoning, the difcharge muft be

feminal.

F
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bags will not grow to the full fize. But where only one tefticle is remo-

ved, its lofs does not in the leaft afFefl: generation, therefore does not

produce any change in the veficula of that fide from which the tefticle is

taken ; becaufe the veficula does not depend upon the tefticle for its fe-

cretion, but upon the conftitution, and on the perfon being capable of

the aftion of generation : therefore, as one tefticle is fufficient to prefervc

manhood, it is of courfe capable of keeping up the adtion of both thofe

glands.

A man who had been under my care, in St. George's Hoipital, for a

venereal complaint, died there, and was difcovered to have loft his right

tefticle. From the cicatrix being hardly obfervable, it muft have been

removed fome conliderable time before his death ; and the complaint for

which he was received into the hofpital is a convincing proof that he had

connection with women after that period.

I infpedted the body in the prefence of Mr. Hodges, the houfe-furgeon,

and feveral of the pupils of the hofpital. Upon differing out and exa-

mining the contents of the pelvis, with the penis and fcrotum, I found

that the vas deferens of the right fide was fmaller and firmer in its tex-

ture than the other, efpecially at that end next to the abdominal rings,

near to the part which had been cut through in the operation. The cel-

lular membrane furrounding the duft, on the right fide, was not fo loofe

as on the left ; neither were the velfels which ramified on the right vefi-

culas fo full of blood. But upon opening the veficula?, both appeared to

be filled with the fame kind of mucus, and fimilar to that which is found

in other dead bodies ; the veficula of the right fide being rather larger

than that on the left. Whatever, therefore, may be the real ufe of thefe

veficula, we have a proof from this difi^edion, that in the human fub-

je(ft they do not contain the femen.

In a man, who died in St. George's Hofpital, with a very large bubo-

nocele, the tefticle of the difeafed fide was difcovered to have almoft loft

its natural texture from the prefigure of the hernial fac ; and upon exa-

mining the tefticle with attention, there vv'as no appearance of vas defe-

rens till we came near the bladder, where it was almoft as large as ufual.
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The veficula of that fide was found to be as full as the other, and to

contain the fame kind of mucus.

I extirpated the left tefticle of a Frenchman, who was a married man,

and died about a year afterwards, having been extremely ill for feveral

months before his death. On examining the body, the veficulas were

both found nearly full j more efpecially that on the left fide ; which

might be accidental : but the vas deferens of the left fide, where it lies

along this bag, and where it has a fimilar ftrufture with the veficulae,

was likewife filled with the fame kind of mucus ; which I believe is al-

ways the cafe, whether the tefticle has been removed or not.

A young man, a coachman, with his left tefticle much difeafed, had

it removed, at St. George's Hofpital, by Mr. Walker, in Auguft 1785 ;

and in February 1786, he returned again to the hofpital, on account of

uncommon pains all over him : for thefe he requefted to be put into

the warm bath ; but as he was going from the ward, for that purpofe,

he dropped down and died almoft immediately. The body was infpe£ted,

with a view to difcover the caufe of his death ; and, upon examination

of the veficuls, the bag of the left fide was as full as that on the right;

and the contents in both were exactly fimilar. In the winter 1788,

another cafe occurred nearly refembling the above.

In difledling a fmale-ubje6t, in the year 1755, for a fide view of the

contents of the pelvis, I found a bag on the left fide, lying contiguous

to the peritonaeum, juft on the fide of the pelvis where the internal iliac

vefiJels divide above the angle of refleftion of the peritonaeum at the union

of the bladder and reftum. The left vas deferens was feen pafiing on to

this bag ; and what is very fingular, that of the right, or oppofite fide,

crofled the bladder, near its union with the reftum, to join it. I traced

the left vas deferens down to the tefticle; but on following the right

through the ring of the external oblique mufcle, I difcovered that it ter-

minated at once, about an inch from its pafTage out of the abdomen, in

a blunt point, which was impervious. On examining the fpermatic

chord from this point to the tefticle, I could not find any vas deferens ;

but by beginning at the tefticle, and tracing the epididymis from its
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origin, about half way along where it lies upon the body of the tefticle,

I perceived that it at firft became ftraight, and foon after feemed to ter-

minate in a point. The canal at this part was fo large, as to allow of

being filled with qaicklilver ; which, however, did not pafs far, fo that a

portion of the epididymis was wanting ; and likewife the vas deferens for

nearly the whole length of the fpermatic chord of the right fide*. On
the left fide the vas deferens began where the epididymis commonly ter-

minates j and there was a deficiency of nearly an inch of the extremity

of the epididymis+, I then differed the bag abovementioned, which

proved to be the two veficulae ; for, by blowing air from one vas deferens,

I could only inflate half of it j and from the other vas deferens, the other

half. They contained the mucus commonly found in thefe bags ; but

upon the moft accurate examination I could neither difcover any dutl

leading from them to the proftate gland, nor the remains of oneJ.

It was evident, in this fubjedt, that there was no communication be-

tween the vas deferens and epididymis ; nor between thefe bags and the

urethra. The caput gallinaginis had the common appearance ; but there

were no orifices to be found. The tefticles were very found, and the

ducts from them to the epididymis were very manifeft and contained fe-

men**.

* Vide plate V^ fig- i. + Vide plate V, fig. 2. % Vide plate VL
** As the femen, in confequence of this preternatural formation of parts, could not be

conveyed to the urethra in the ufual way, I conceived it poffible that there might be another

unnatural conftrudion to make up for the deficiency in the vas deferens, and therefore exa-

inined it very carefully to fee if there was no fupernumerary vafa deferentia. I was led to da

this more particularly, from often finding parts refembling them, where they could anfwer

no kind of purpofe. By a fupernumerary vas deferens, I mean a fmall duQ. which fometimes

arifes from the epididymis, and pafles up the fpermatic chord along with the vas deferens,,

commonly terminating in a blind end, near to which it is fometimes a little enlarged. I

never found this du<3: go on to the urethra ; but, in fome inflances, have feen it accompany

the vas deferens as far as the brim of the pelvis. There is no abfolute proof that this is a

fupernumerary vas deferens ; but as we find the dufts of glands in general very fubjetS to fin-

gularities, and that there are frequently fupernumerary duds ; that there are often two ureters

to one kidney, fometimes diftinft from beginning to end ; at other times both arifing from

one pelvis. Thefe duiSls, arifing from, the epididymis, I am inclined from analogy, to believe
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From thefe circumftances we have a prefumptive proof, that the femea

can be abforbed in the body of the tefticle, and in the epididymis ; and

that the veliculae fecrete a mucus which they are capable of abforbing

when it cannot be made ufe of. We may hkewife infer from what has

been faid, that the femen is not retained in refervoirs after it is fecreted,

and kept there till it is ufed ; but that it is fecreted at the time in con-

fequence of certain affections of the mind Simulating the tefticles to this

adlion : for we find, that if lafcivious ideas are excited in the mind, and

the paroxyfm is afterwards prevented, from coming on, the tefticles be-

come painful and fwelled from, we may fuppofe, the quantity of femea

fecreted, and the increafed adlion of the veffels > which pain and fwelling

is removed immediately upon the paroxyfm being brought on and the

femen evacuated ; but if that does not take place, the adlion of the vef-

fels will flill be kept up, and the pain in the tefticles in general continue

till the paroxyfm and evacuation of the femen is brought on, to. render

the adl complete ; without which a ftop cannot be fo quickly put to the

adlion of the veffels that produce the fecretion ; nor the parts be allowed

fo eafily to refume their natural ftate. There is at this time no fenfation

of any kind felt in the feat of the veliculae feminales j which fhows that

the adlion is in the tefticles, and in them alone. The pain in the tefti-

cles, in confequence of being filled with femen, and of the adlion being

incomplete, is fometimes fo confiderable as to make it neceflary to. pro-

duce an evacuation of the femen to relieve the patient-

It may be obferved, in fupport of this opinion, that thefe bags are as

full of mucus in bodies much emaciated, where the perfon has died from

a lingering difeafe, as in thofe of the ftrong and robuft,. whofe death

are of a nature fimilar to the double ureters. They refemble the vas deferens, as being con-

tinuations of fome of the tubes of the epididymis j, are convoluted where they come ofF from

it ; afterwards become a ftraight canal, and pafling along with it for fome way,, they are then,

moft commonly obliterated.

The idea of their being for the purpofe of returning the fuperfluous femen to the circula-

tion, muft certainly be erroneous, from their being fo feldom met with, and fo very feidom

continued further than the brim of the pelvis.
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has been occafioned by violence or acute difeafes ; and they are nearly as

full in the old as in the young ; which, mofl probably, would not be the

cafe if they contained femen. Thefe fads, taken from the human fub-

je6t, are, I think, fufficient to eftablifli the opinion which I have laid

down ; but, for the fatisfaftion of others, I {hall give fuch fadls and ob-

fervations as have occurred in my diffedlion of different animals, as tend

to clear up the point in queflion.

Thefe veficulce are not fimilar either in fhape or contents in any two

genera of animals which I have dilfedled ; and they differ more in fize,

according to the bulk of the animal, than any other parts whofe ufes in

different animals are fuppofed to correfpond; while the femen in mofl

of thofe which I have examined, may be faid to be fimilar.

The refemblance which obtains between thefe bags and the gall-

bladder, in the human fubjedl, by no means holds equally good when

applied to other animals. In the horfe they are Jike two fmall urinary

bladders, almoft loofe and pendulous, with a partial coat from the peri-

tonaeum, under which there are two layers of mufcular fibres ; they are

thicker in their coats at the fundus than any other part ; and appear there

to be glandular. Their openings into the urethra are very large ; and

although they open clofe to the vafa deferentia, do not communicate

with them. The feptum between the two dufts is not continued on

quite to the urethra, fo that they cannot, in ftrift language, be faid to

enter that paffage feparately ; but there is not length of common du(ft

fuflicient to admit of regurgitation from the vafa deferentia into thefe

bags. They are not of the fame fize in the gelding and in the flone-

horfe, being large in the laft. Their contents in both are exadly fimilar,

and nearly equal in quantity ; but in no way refembling the femen emit-

ted bv the fione-horfe in the coitus, or what is found in the vas deferens

after death.

In the boar, thefe bags are extremely large, and divided into cells of a

confiderable fizej or they may more properly be faid to form ramifications

clofely connedled with one another, and having a large canal or dud:

common to the whole. The duds contain a whitifh fluid, very unlike
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what is found in the vafa deferentia of the fame animal, with which

they have not the leafl communication.

In the rat, the bags are large and flat, with ferrated edges, and lie

fome way within the abdomen, containing a thick afli-coloured mucus,

nearly of the confidence of foft cheefe ; very different from what is found

in the vafa deferentia of the fame animal, with which they do not com-
municate.

In the beaver, the bags are convoluted ; their dudls have no commu-
nication with the vafa deferentia ; but both the one and the other open

on the veru montanum.

In the Guinea-pig, they are compofed of long cylindrical tubes, and

lie in the cavity of the belly ; are fmooth on their external furface, and

do not communicate with the vala deferentia. They contain a thick

bluifh tranfparent fubflance, which is fofteft near the fundus, and be-

comes firmer towards the openings into the urethra, where it is as folid

as common cheefe. From this circumltance, and what is obferved in

the horfe, the fundus appears to be the part that fecretes this fubflance,

which is very different in colour and confiftence from the contents of the

vafa deferentia, and is often found in broken pieces in the urethra.

To be more certain that the fubflance contained in thefe bags was not

the fecretion of the tefticle, I extradled one of the tefticles of a Guinea-

pig ; and fix months afterwards gave it the female. As fbon as the adlion

of copulation was over, (in which all the parts containing femen fhould

naturally iiave emptied themfelves) I killed the animal, and upon exami-

nation found the veficula of the perfedl fide, and that of the fide from

which the tefticle had been removed, both filled with a fubflance in every

refpedt fimilar. It will fcarcely be alledged that this fubftance had been

contained in the bag before the extirpation of the tefticle ; nor could it

l^^emen, which mufl have been all thrown out in the previous connec- -

ti'Sn with the female.

To afcertain that the contents of the veficula are not difcharged into

the vagina of the female, with the femen, in the adl of emilTion, I killed

a female Guinea-pig as foon as the male had left her, and examined with
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attention what was contained in the vagina and uterus ; in neither could

I find any of the mucus of the veficulas ; which, from its firmnefs, muft

have been eafily detected.

In the hedge-hog, thefe bags are very large, being more than twice the

fize of the veficulae in the human fubjeil.

Many animals have no fuch bags ; and I believe they are wanting ia

the greater part of that clafs which live chiefly upon animal food : they

are, however, to be found in fome of them ; and the hedge-hog is an ex-

ample. There is no apparent difference in the tefticles, vafa deferentia,

or femen of the animals which have veficulas and of thofe which have

none ; and the mode of copulation, as far as thefe bags can be concerned,

is very fimilar in both.

In birds, as far as I have yet obferved, there is nothing analogous to

thefe bags ; and yet there appears to be no difference between the mode

of copulation of the drake and the bull, or ram. It is very natural to

fuppofe, that if the veficulas were refervoirs of femen, they would be more

neceffary in birds ; who have the power of repeating the adl of copulation

in an infinitely greater degree than quadrupeds : and indeed we find that

in birds there are refervoirs, which may account for this power ; the vafa

deferentia being enlarged juft before they open into the reftum, probably

to anfwer that intention. As birds have no urethra, fome having merely

a groove, as the drake and gander ; and many being even without a

groove, as the common fowl, it was abfolutcly neceffary there fhould be

fuch a refervoir Ibmewhere ; and the neceffity of this will appear more

evidently by and by.

What I have obferved of the refervoir of birds, is equally applicable

to amphibious animals, and to that order of fifh called rays.

From the above obfervations I think we may fairly conclude, that thefe

veficulas are not for the purpofe of containing femen ; the fingle circum-

ftance of their duds being united to thofe of the tefticles in the human
fubjedl not appearing fufiicient to fet afide the many fads which are con-

tradidory to fuch an opinion.
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Having endeavoured to iliow that the funcflion of thefe veficulce has

hitherto been mifunderfhood, the following obfervations will tend to

prove that they are fubfervient to generation, though their particular ufe

is not yet difcovered ; and, for the better underflanding this part of the

fubjecS, I fhall premife the follovv^ing fafts.

Animals have their natural feelings raifed or increafed, according to

the perfedlion of the parts conneded with fuch feelings. And the difpo-

fition for action is alfo in proportion to the flate of the parts and the

excitement of fuch feelings. But that thefe feelings may be duly excited,

it is necelTary that the animal and the parts fliould be healthy, in good

condition, and in a certain degree of warmth fuitable to that clafs to

which the animal belongs. In the greateft part of the globe there is a

difference in the warmth of the fame diflrict at different periods, confti-

tuting the feafons ; and the cold in fome of them is fo confiderable, as to

prevent thofe feelings or difpolitions in animals from taking place, and to

render them, for the time, unfit for the purpofes of generation*. This is

owing to the tefticles becoming at this feafon fmall, and being therefore

unfit to give fuch difpofitions, as is the cafe in very young animals. This

faft is very obvious in birds, of which the fparrow may be produced as a

proof. For if a cock-fparrow is killed in the winter, before the days

have begun to lengthen, the tefticle will be found very fmallt^ but if

that organ is examined at different times in other fparrows, as the warmth

of the weather increafes, and if this examination is continued to the breed-

ing feafon, the difference in the fize of the tefticle will be very ffriking;];.

This circumftance is not peculiar to birds, but is common, as far as I yet

know, to all animals which have their feafons of copulation. In the buck

we find the tefticles are reduced to a very fmall fize in the winter ; and in

the land-moufe, mole, &c. this diminution is ftill more remarkable.

* It is not required that the feafon for the copulation of different animals fhould be equally

warm ; for the frog copulates in very cold weather ; while the fnake and lizard, which are

alfo cold, fleeping animals, do not copulate till the feafon is warm.

t Vide plate VII, fig. i. J Vide plate VII, fig. 5,

G
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Animals, on the contrary, who are not in a ftate of Nature, have no

fuch change take place in their teflicles ; and not being much afFedted by

feafons, are confequently always in good condition, or in a ftate to which

other animals that are left to themfelves can only attain in the warmer

feafon. Therefore in man, who is in the ftate we have laft defcribed the

tefticles are nearly of the fame fize in winter as in fummer : and nearly,

though not exacSlly, the fame thing may be obferved in the horfe, ram,

&c. thefe animals having their feafons in a certain degree.

The variation above-taken notice of, is not confined to the tefticles

;

but alfo extends to the parts which are conne6ted with them. For, in

thofe animals that have their feafons for propagation, the moft diftinftly

marked, as the land-moufe, mole, &c. the veficuls are hardly difcerna-

ble in the winter j but in the fpring are very large, varying in fize in a

manner fimilar to the tefticle. It may, however, be alledged, that the

change in thefe bags might naturally be fuppofed to take place, even ad-

mitting them to be feminal refervoirs : but what happens to the proftate

gland, which has never been fuppofed to contain femen, will take off the

force of this objedlion ; fmce in all the animals which have fuch a gland

(and which have their feafon for propagation) it undergoes a fimilar

change. In the mole, the proftate gland in winter is hardly difcernable,

but in the fpring becomes very large and is filled with mucus.

From thefe obfervations it is reafonable to infer, that the ufe of the

veficul^ in the animal ceconomy muft, in common with many other

parts, be dependent upon the tefticles. For the penis, urethra, and all

the parts conneded with them, are fo far fubfervient to the tefticles, that

I am perfuaded few of them would have exifted if there had been no te-

fticles in the original conftrudlion of the body ; and thefe would have

been fo formed as merely to aflift in the expulfion of the urine. To il-

luftrate this opinion, let us obferve what is the difference between thefe

parts in the perfedl male, and in a male that has been deprived of the

tefticles when very young, at an age in which they have had no fuch

influence upon the animal ceconomy as to affed; the growth of the other
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parts. In the perfed male the penis is large ; the corpora cavernofa* be-

ing capable of dilatation. The corpus fpongiofum is very vafculart; that

part of the canal which is called the bulb is coniiderably enlarged, form-

ing a cavity ; and the mufculi acceleratores urinas, as they are termed, are

ftrong and healthy. In many animals which have a long penis, the

mufcular fibres are continued forwards to the end of it ; and in others,

though not extended fo far, they are very large.

On the contrary, in the caftrated animal the penis is fmall, and not

capable of much dilatation ; the corpus fpongiofum is lefs vafcular ; the

cavity at the bulb is little larger than the canal of the urethra ; and the

mufcles are white, fmall, and have a ligamentous appearance. The fame

obfervations are true, if applied to the ereclores penis.

The penis of the perfeft male is of a fufficient length, when ered:ed,

to reach to the further end of the vagina of the female. In the caftrated

animal it is much fhorter ; and erections having then become unnecef-

fary, the parts which fliould projed, often adhere to the inlide of the

prepuce. The ereiflores mufcles in the perfedl male are ftrong enough to

fqueeze at once the blood out of the crura into the body of the penis, fo as

to ftraiten and contracft the urethra inftantaneoufly, and the acceleratores

urinaeij; have fufficient power to throw out the femen that is gradually ac-

cumulated at the bulb for ejeftion.

* The cells of the corpora cavernofa are mufcular, although no fuch appearance is to be

obferved in men : for the penis in ereftion is not at all times equally diftended. The penis

in a cold day is not fo large in ereftion as in a warm one ; which, probably, arifes from a

kind of fpafm that could not ad: upon it if it were not mufcular.

In the horfe, the parts compofmg the cells of the penis appear evidently mufcular to the •

eye ; and, in a horfe juft killed, they contraft upon being ftimulated.

f It may not be improper to obferve, that the corpus fpongiofiim ureths, and glans penis,.

are not fpongy or cellular, but made up of a plexus of veins. This ftrufture is difcernable in

the human fubje£l: ; but much more diftinftly feen in many animals, as the horfe, &c.

J I fhall call thefe mufcles, expulfores feminis, as I apprehend their real ufe to be for the

expulfion of that fecretion : thefe mufcles likewife throw out thofe drops of urine which are

coUefted in the bulb from the lafl: contraftions of the bladder ; and they have been, from this

circumftance, named acceleratores urinse ; but if a receptacle had not been neceflary for the

femen, thofe mufcles had probably never e.xifted ; and the laft drops of urine would have been
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The proftate gland*, Cowper's glands, and the glands along the ure-

thra, (of which the lacunas are the excretory dudls) are in the perfe(S

male large and pulpy, fecreting a confiderable quantity of flimy mucus,

which is fait to the tafte ; it is moft probably for the purpofe of lubrica-

ting thofe parts, and is only thrown out when in vigour for copulation t

while in the caftrated animal thefe are fmall, flabby, tough and ligamen-

tous, and have little fecretion. From this account there appears to be

an effential difference between the parts connedted with generation of the

perfe(ft male, and thofe which remain in one that has been caftrated ;

more efpecially if that operation had been performed while the 'animal

was young.

If it is objefted, that the fame changes did not take place in the men

from whom one tefticle had been removed ; it may be anfwered, that the

operation was performed late in life : and one teflicle being left, that was

fufficient to carry on the neceffary aftions, and confequently to preferve

the powers j therefore whatever parts had a connection with thefe powers

would ftill have the ftimulus of perfection given to them.

The different appearance of the bulb, and the mufcles, would feem to

point out, in the perfect male, the enlargement of the bulb to be for the

purpofe of a receptacle for the femen ; for although I have denied the

veficulcB to be refervoirs, yet as it was neceffary that the femen fliould

be accumulated fomewhere before ejection, I fliall endeavour to prove,

from the mode of copulation in the animals we are beft acquainted with,

thrown out by the aftion of the bladder and urethra, as in fome meafure is the cafe in the

caftrated animal. That the urethra has the power of contra£lion, is evident upon the appli-

cation of any ftimulus : for I have feen the urethra refufe to allow an injeftion to pafs on

:

and in that part where the injeftion flopped, a fulnefs was felt which terminated at once : this

contraftion is moft probably in the internal membrane ; it alfo will often refufe the pafTage of

a bougie.

* The proftate gland is not common to all animals. It is wanting in the bull, buck, and

moft probably, I believe, in all ruminating animals. In this clafs the coats of the veficulae

are much thicker, and more glandular, than in thofe who have proftate glands ; it is therefore

natural to fuppofe, that the veficulas anfwer nearly the fame purpofes as the proft.ate gland.

The proftate gland, and Cowper's glands, as well as the veficulae, are wanting in birds, in

Ihe amphibious animals, and in thofe fifti wliich have tefticles, as all of the ray kind.
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that the bulb is intended for that purpofe. Let us, therefore, give a fhort

account of the different parts concerned in coition ; and by obferving the

dependence which they have upon one another, fee how this proof will

come out.

The ereftion of the penis is produced by a flop being put to the re-

turning blood ; and this floppage is fo complete, that no mechanical

prefTure applied to the body of the penis, can force the blood on into the

veins. This ereftion anfwers two purpofes ; it gives fize and ftrength

to the penis, and it renders the canal of the urethra fmaller. The corpus

fpongiofum of the urethra, and the glans, which is only a continuation

of it, are filled with blood from the fame caufe, but not fo completely as

the body of the penis j lince from them it can be forced out into the veins

by preflure*. This accumulation of blood in the corpus fpongiofum di-

minillies the canal of the urethra fo much, that any prefTure upon one

part of it will have a confiderable efiedl upon the other ; not only by

lefTening its capacity at the part prefled ; but by forcing the blood for-

ward, the parts beyond will be ftill more diftended, and confequently

the canal of the urethra be in that proportion diminiflied. The femen,

in the time of copulation, in fuch animals as remain long in that adl, is

gradually fqueezed along the vafa deferentia (as it is fecreted) into the

bulb ; and when the tefticles ceafe to fecrete, the paroxyfm, which is to

finifh the whole operation, com.es on. The femen adling as a flimulus

to the cavity of the bulb of the urethra, the mufcles of that part of the

canal are thrown into adlion ; the fibres nearefl the bladder, probably, a6t

firft, and thofe more forward in quick fuccefTion j the femen is projected

with fome force ; the blood in the bulb of the urethra is by the farne

* In April 1760, in the prefence of Mr. Blount, I laid bare the penis of a dog, almofl

through its whole length ; traced the two veins that came from the glans, (which, in this

animal makes the largeft part of the penis) and feparated them from the arteries by difleftion,

that I might be able to comprefs them at pleafure without afFefting the arteries. I then com-

prefled the two veins, and found that the glans and large bulb became full and extended ; but

when i irritated the veins, in order to fee if there was any power of contraftion in them which

might occafionallv flop the return of the blood, no fuch appearance could be obferved.
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adion fqueezed forward ; but requiring a greater impulfe to propel it, is

rather later than the femen, on which it preffes from behind ; the corpus

fpongiofum being full of blood, a6ls almoft as quick as undulation, in

which it is affifted by the correfponding conftridtion of the urethra, and

the femen is hurried along with a confiderable velocity.

From the fads which I have ftated refpefting the organs of generation,

the obfervations which I have made, and the feries of adions which I

have confidered as taking place in the copulation of animals, I think the

following inferences may be fairly drawn.

That the bags, called veficulas feminales, are not feminal refervoirs,

but glands fecreting a peculiar mucus ; and that the bulb of the uretha,

is, properly fpeaking, the receptacle in which the femen is accumulated

previous to ejeftion.

Although it feems to have been proved that the vefxculse do not con-

tain the femen, I have not been able to afcertain their particular ufe

;

we may, however, be allowed upon the whole to conclude that they are,

together with other parts, fubfervient to the purpofes of generation.
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PLATE V.

SHOWS two tefticles, with the i^ermatic chords diileded i in the one

the vas deferens, in the other a portion of the epididymis, is wanting.

Figure i. The right tefticle and fpermatic chord.

AA The body of the tefticle.

BB The fpermatic chord, in which there is no appearance of vas de-^

ferens.

C The epididymis, where it takes its origin from the body of the tefti-

cle.

D The abrupt termination of the epididymis, it not being continued to

the lower end of the tellicle.

Figure 2. The left tefticle.

AA The body of the tellicle.

B The blood-veflels of the tefticle feparated from the vas deferens.

C The origin of the epididymis.

D The termination of the epididymis ; to ihow which, the tunica vagi-

nalis is removed.

E The origin of the vas deferens.

F The vas deferens, as it paffes up towards the ring of the abdominal

mufcles.

f
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PLATE VL

A fide view of the pelvis, taken from the fame fubject as plate V, in

which the vafa deferentia did not communicate with the veficulae, and

the veficulae did not communicate with the urethra,

A The body of the penis.

B The fymphyfis of the pubis.

C The bladder.

D The left ureter,

E E The redlum.

F The anus.

G The fphindter mufcle of the anus, turned afide.

H The levator mufcle of the anus, turned down.

I The proftate gland.

K The Cowper's gland of the left fide.

L The peritonaeum, which lined the left fide of the pelvis.

M The facrum, where it is articulated with the os ilium,

N The left vas deferens.

O The veficulae.

H
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PLATE VII.

TO fhow the gradual incrcafe, in iize, of the tefles of the fparrow, from

the middle of winter to the beginning of the breeding feafon, I examined

thofe glands in January, February, March and April ; and the appear-

ances they put on at thefe different periods are faithfully reprefented in

the plate, with the date of their examination annexed to each.

If we compare their lize in January, with what it is in April, it hardly

appears poiTible that fuch a w^onderful change could have taken place

during fo fhort a period.





ELEVEN of the following papers have Been read at the-

Royal Society, and publiihed in the Philofophical Tranf-

adtions ; but in a work of fo general a nature, and of

which phyiiological inquiries make fo fmall a part, the

few fadis and obfervations which I have given upon fuch

fubjedls may, probably^, be overlooked by thofe who are

not members of that fociety. That they may be more

eafily procured by fludents in medicine, and other read-

" ers, I have, by an application to the Prelident and

Council of the Royal Society, obtained leave to reprint

them, in this work, as being connedled with the princi-

ples and actions of the animal oeconomy ; and I have

added fuch obfervations and remarks as have occurred to

me fince the time they were read before the Royal:

Society,
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ACCOUNT OF THE FREE MARTIN.

GENERATION, from a feed, requires the concurrence of two

caufes to give it perfeftion ; the one to form the feed, the other to

give it the principle of adlion*.

The caufe, forming the feed, is called the female ; the other, the male:

but thofe two caufes, in general, make only a part of a whole animal, or

are rather parts fuperadded to an animal. Probably thefe charadleriftics

were iirfl: obferved in fuch animals as had the female parts complete in

one, and the male in the other ; therefore the terms, female and male,

have been applied to the whole animal, dividing them into two diftindt

fexes } and the parts, which formed the one fex or the other, were called

the female, or the male parts of generation ; but, upon a more accurate

knowledge of animals, and of their parts of generation, thefe were found

in many of the inferior tribes to be united in the fame animal, which,

from pofTeiTmg both, has got the name of hermaphrodite.

As the dillindlion of male or female parts is natural to moil: animals,

as the union of them in the fame animal is alfo natural to many, and as

the feparation of them is only a circumftance making no effential dif-

* It may be neceflary for fome of my readers to have explained to them what I mean

by a feed. I do fuppofe that, the word feed was firft applied to grain, or that which is

always called feed in the vegetable ; which feed is the part of fuch vegetables in which the

matter of the young vegetable exiits, or is formed. The principle of arrangement in the

farina, or male part, fitting the feed for aftion, being at firft not knovi'n, a falfe analogy be-

tween the vegetable and animal was eftabliflied, and the matter fecreted by the teftes was

called the feed : but, from the knowledge of the diflinft fexes in the vegetable, it is well

known that, the feed is the female produftion in them, and that the principle of arrangement

for aftion is from the male. The fame operation and principles take place in many orders

of animals, the female producing a feed in which is the matter fitted for the firft arrangement

of the organs of the animal, and which receives the principle of arrangement fitting them

for aftion from the male.
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ference in the ftru6lure of the parts themfelves, it becomes no great effort

or uncommon play in Nature, fometimes to unite them in thofe animals

in which they are commonly feparated j a circumftance we really find

takes place in many animals of thofe order in which fuch an union is

unnatural. From this ftate of the cafe, hermaphrodites may be divided

into two kinds, the natural and unnatural.

The natural hermaphrodite belongs to the inferior and more fimple

genera of animals, of which there is a much greater number than of

the more perfedl ; and as animals become more complicated, have more

parts,, and each part is more confined to its particular ufe, a feparation of

the two neceffary powers for generation feems alfo to take place.

The unnatural hermaphrodite, I believe, now and then occurs in every

tribe of animals having diftind: fexes ; but is more common in fome than

in others"*; and is to be met with, in all its gradations, from the diftindt

fex to the mofl exa£t combination of male and female organs. This, I

fancy, happens mofl rarely in the human fpecies, never having fcen an

inftance. I can fay the fame of dogs and cats, with which laft, however,

I am lefs acquainted ; but in the horfe, afs, fheep, and black cattle, it is

•very frequent.

There is one part common to both the male and female organs of

generation in all animals which have the fexes diflinfb ; in the one fex it

is called the penis ; in the other, the clitoris ; its fpecific ufe, in both, is

to continue, by its fenfibility, the adion excited in coition till the paroxyfm

alters the fenfation. In the female it probably anfwers no other purpofe;

but in the male it is more complicated, to adapt it for the purpofe of

conducing and expelling the femen that has been fecreted in confequence

•of the adions fo excited.

Though the unnatural hermaphrodite be a mixture of both fexes, and

may poffefs the parts peculiar to each in perfedion, yet it cannot poiTefs

in perfedion that part which is common to both. For as this common

* Quere : Is there ever, in the genera of animals that are natural hermaphrodites, a fepa-

ration of the two parts forming diftind fexes ? If there is, it may account for the diftinftion

-of fexes ever having happened.



OF THE FREE MARTIN. ^J

part Is different In one fex from what it is in the other, and it Is im-

poffible for one animal to have both a penis and clitoris, the common

part muft of courfe partake of both fexes, and confequently render the

harmaphrodite fo far incomplete ; but thefe parts, peculiar to each fex,

may be perfedly joined In the fame animal, which will convey an idea

of the trueft hermaphrodite. Although it may not be neceffary to con-

flitute an hermaphrodite, that the parts peculiar to the one fex fhould

be blended with thofe of the other, in the fame way that the penis is

with the clitoris ; yet this fometimes takes place in parts whofe ufe in

the diftindl fexes is fomewhat fimilar, the tefticle and ovarium fometimes

forming one body, without the properties of either. This compounded

part in thofe animals that have the tefticle and ovarium differently fitu-

ated, is generally found in the place allotted for the ovarium ; but in

fuch animals as have the teilicle and ovarium in the fame fituation as

the bird tribe, the compound of the two, when it occurs, will alfo be

found in that common fituation.

The parts of the female, appropriated for the purpofe of fupplying the

young with nourifliment, are varioufly placed in different animals. In

the horfe, black cattle, fliecp, and other granivorous animals, their fitu-

ation is between the hind legs ; and this being alfo the place allotted for

the teflicles of the male of this tribe, and probably of all thofe in which

the teflicles come out of the cavity of the belly ; In the hermaphrodite,

therefore, which has both thefe parts, the teflicles mufl, to a certain

degree, defcend into the udder, though that cannot receive them fo readily

as the fcrotum.

The hermaphrodites, which I have feen, have always appeared exter-

nally, and, at firfl view, to be females, from the penis being the part

principally deficient, and there being an opening behind like the bearing

in the female ; and as the teflicles in fuch hermaphrodites feldom come

down, the udder is left to occupy its proper place. In animals the fe-

male of which is preferved for breeding only, as fheep, goats, pigs, &c.

thefe are generally kept, from their being fuppofed to be females.

Among horfes fuch hermaphrodites are very frequent : I have feen

feveral, but never diffeded any. The mofl complete was one in which

I



c;8 OF THE FREE MARTIN'.

the tefticles had come down out of the abdomen into the place where

the udder fliould have been, (viz. more forward than the fcrotum) and

though not fo pendulous as the fcrotum in the perfedt male of fuch ani-

mals, had all the appearance of an udder. There v/ere alfo two diftin(5t

nipples, which, although they exift in the male, have no perfed: form,

being blended with the fheath or prepuce, of which there was none here.

The external female parts were exadly fimilar to thofe of the perfeft fe-

male ; but inftead of a common fized clitoris, there was one about fivs

or lix inches long, which, when erect, pointed almoft diredly backwards.

I procured a foal-afs, very fimilar in external appearance to the horfe,

abovementioned, and killed it to examine the parts. It had two nipples,

but the tefticles were not come down as in the above ; owing, perhaps,

to the animal's being yet too young.

There was no penis pafiing round the pubis to the belly, as in the

perfeft male afs.

The external female parts were fimilar to thofe of the fhe-afs. Withia

the entrance of the vagina was placed the clitoris ; but much longer than

that of a true female, it meafuring about five inches. The vagina was

pervious a little beyond the opening of the urethra into it, and from

thence up to the fundus of the uterus there was no canal. The uterus

was hollow at the fundus, or had a cavity in it, and then divided into

two horns, which were alfo pervious. Beyond the termination of the

two horns were placed the ovaria as in the true female ; but I could not

find the Fallopian tubes. From the broad ligaments, to the edges of

which the horns of the uterus and ovaria are attached, there paffed towards

each groin a part fimilar to the round ligaments in the female, which

were continued into the rings of the abdominal mufeles ; but with this

difference, that there accompanied them a procefs or theca of the perito-

naeum, fimilar to the tunick vaginalis communis in the male afs ; and ia

thefe thecas were found the tefticles j but 1 could not obferve any vafa

ddferentia paffing from them.

Here then were found, in the fame animal, the parts peculiar to each

fex, (although very imperfedl) and that part which is common to both,,

but different in each, was a kind of medium of that difference,.
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'Something fimilar to the above I have feen in fheep, goats, &c. but I

fhall not at prefent trouble the reader with a defcription of hermaphrodites

in general, as it is a very extenfive fubjedl, admitting of great variety,

which would make them appear a production of chance ; whereas the in-

tention of this account is to point out a circumflance which takes place

in the production of hermaphrodites in black cattle, that appears to be

almoft an eftablifhed principle in their propagation ; and is, perhaps, pe-

culiar to that fpecies of animals.

It is a fail known, and I believe almoft univerfally underftood, that

when a cow brings forth two calves, and one of them a bull-calf, and

the other to appearance a cow, that the cow-calf is unfit for propagation ^

but the bull-calf grows up into a very proper bull. Such a cow-calf is

called, in this country, a free martin; and is commonly as well

known among the farmers as either cow or bull. Although it will ap-

pear, from the defcription of this animal, that it is an hermaphrodite,

(being in no refpedl different from other hermaphrodites) yet I fhall retain

the term, free martin, to diftinguifti the hermaphrodite produced in this

way, from thofe which refemble the hermaphrodite of other animals

:

for I know that in black cattle, fuch a deviation may be produced with-

out the circumftance of twins ; and even when there are twins, the one

. a male the other a female, they may both have the organs of genera-

tion perfectly formed. But when I fpeak of thofe which are not twins, I

ihall call them hermaphrodites ; the only circumftance worth our notice

being a fingularity in the mode of production of the free martin, and its

being, as far as I yet know, peculiar to black cattle.

This calf has all the external marks of a cow-calf, fimilar to what was

mentioned in the unnatural hermaphrodite, viz. the teats and the external

female parts, called by farmers, the bearing ; and when they are preferved,

by thofe who know the above faCl, it is not for propagation, but for all

the purpofes of an ox or fpayed heifer, viz. to yoke with the oxen, and to

fatten for the table*. •

* I need hardl^/ obferve here, that if a cow has twins, and they are both bull-calves, that

they are in every refpedl perfect bulls ; or if they are both cow-calves, they are perfect cows.
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It is known, that they do not breed 5 they do not fhow the leaft in-

chnation for the bull ; nor does the bull ever take the leaft notice of

them*. They very much refemble, in form, the ox or fpayed heifer, be-

ing confiderably larger than either the bull or the cow, having the horns

very fimilar to the horns of an ox.

The bellow of the free martin is fimilar to that of an ox, having more

refemblance to that of the cow than of the bull. Free martins are very

much difpofed to grow fat with good food. The flefh, like that of the

ox or fpayed heifer, is generally much finer in the fibre than either the

bull or cow ; is fuppofed to exceed that of the ox and heifer in delicacy

of flavour ; and bears a higher price at market.

However, it feems that this is not univerfal ; for I was lately informed

by Charles Palmer, Efq. of Luckley in Berkfhire, that a free martin

having been killed in his neighbourhood, from the general idea of its

being better meat than common, every neighbour befpoke a piece, which

turned out nearly as bad as bull-beef ^ worfe at leafi: than that of a cow.

It is probable that circumftance might arife from this animal having more

the properties of a bull than the cow ; as we fhall fee hereafter, that they

are fometimes more the one than the other+.

Although what I have advanced with refpedl to the produdlion of free

martins be in general true, yet by the afiiftance of Benjamin Way, Efq.

of Denham, near Uxbridge, who knew my anxiety to afcertain this point,

I was lately furniflied with an inftance which proves that it does not in-

variably hold good.

One of his cows having produced twins, which were to appearance

male and female ; upon a fuppofition that the cow-calf was a free martin,

* Vide Leflie on Hufbandry, p. 98, 99.

t The Romans called the bull, taurus ; they, however, talked of taurae in the feminine

gender. And Stephen obferves, that it was thought the Romans meant by taurse, barren

cows, and called them by this name becaufe they did not conceive. He alfo quotes a paiTage

from Columella, lib. vi. cap. 22. " and like the taurae, which occupy the place of fertile

cows, fliould be rejefted, or fent away." He likewife quotes Varro, De re Ruftica, lib. ii.

cap. 5. " The cow which is barren, is called taura." From which we may reafonably con-

jedure that the Romans had not the idea of the circumftances of their produftion.
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he obligingly offered either to give it me, or to keep It till it grew up,

that we might determine the fadl : as I conceived it to be a free martin,

and was to have the liberty of examining it after death, I defired that he

would keep it ; but, unfortunately, it died at about a month old. Upon

examining the organs of generation, they appeared to be thofe of the

female, and perfe6tly formed ; but to make this more certain, I procured

thofe of a common cow-calf, and comparing them together, found them

exa6tly alike. This made us regret that the animal had not lived to

an age that might have determined if it was capable of breeding ; for the

conftrudlion of the parts being to appearance perfedt, is not fuihcient of

itfelf to ftamp it a true or perfect female ; as I can fuppofe that, the parts

being perfedly formed, but without the power of propagation, may con-

ftitute the moll fimple kind of hermaphrodite. It is, however, moft

probable, that this was a perfect female, which is an exception to the

common rule ; and I have been informed, there are inftances of fuch

twins breeding. If there are fuch deviations, as of twins being perfedl

male and female, why fhould there not be, on the other hand, an herma-

phrodite produced fmgly, as in other animals ? I had the examination

of one which feemed, upon the ftriftell inquiry, to have been a fingle

calf; and I am the more inclined to think this true, from having found

a number of hermaphrodites among black cattle, without the circumftan-

ces of their birth being afcertained.

Hermaphrodites are to be met with in fheep ; but, from the account

given of them, I fliould fuppofe that they are not free martins. I have

feen feveral which were fuppofed to be hermaphrodites, but which were

imperfed: males, having the penis terminating in the perineum ; the ori-

fice of which appeared like the bearing in the female. Such are not na-

turally ftimulated to put themfelves in the pofition of the female when

they void their urine, fo that when it paffes, the furrounding parts are

wetted by it, and being covered with wool, and retaining the urine, keeps

them continually moift, and gives the animal a ftrong fmelL They are

mentioned as both male and female.

I believe it had never been even conje6lured, notwithflanding all thefe

peculiarities, what was the true nature of the free martin ; and fromi
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the fingukrlty of the animal, and the account of its produdlion, I was

almoft tempted to fuppofe the whole a vulgar error. Yet by the univer-

fality of the teftimony in its favour, it appearing to have fome foundation,

I eagerly fought for an oppoitanity to fee and examine them. I have

fueceeded in this inquiry, and have feen feveral j the iirft of which was

one belonging to John Arbuthnot, Efq. of Mitcham, and was calved in

his own farm. He was fo obliging as to allow me to fatisfy myfelf, firfl

by permitting a drawing to be made of the animal while alive, which was

executed by Mr. Gilpin ; and afterwards to examine the parts when the

animal died. At the time the drawing was made of Mr. Arbuthnot's

free martin, John Wells, Efq. of Bickley Farm, near Bromley in Kent,

was prefent, and informed us, that a cow of his had calved two calves,

one of v/hich was a bull-calf and the other a cow-calf. I defired Mr.

Arbuthnot to requeft Mr, Wells to keep them, or let me buy them of

him ; but, from his great defire of natural knowledge, he very readily

confented to preferve both till the bull fhewed all the iigns of a good

bull ; and when the free martin was killed he allowed me to infpedl the

parts.

Of all the fpecimens which I have diffeded, I fliall only give the de-

scriptions of the three which point out moft diftincftly the complete free

•martin, with the gradations towards the male and female.

THE DESCRIPTION OF THE THREE FREE MARTINS.

MR. Wright's free martin, five years old.

This animal had more the appearance and general charafter of the ox,

or fpayed heifer, than of either the bull or cow. The vagina terminated

in a blind end, a little way beyond the opening of the urethra, from

which the vagina and uterus were impervious. The uterus, at its extreme

part, divided into two horns. At the termination of the horns were

placed the tefticles inftead of the ovaria, as is the cafe in the female.

The realbns why I call thefe bodies, tefticles, are the following. Firft,
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they were above twenty times larger than the ovaria of the cow, and

nearly the fize of the teflicles of the bull ; or rather of thofe of the

ridgil, the bull whofe tefticles never come down. Secondly, the fper-

matic arteries were fimilar to thofe of the bull, efpecially of the ridgiL

Thirdly, the cremailer mufcle paffed up from the rings of the abdomi-

nal mufcles to the tefticles, as it does in the ridgil*.

There were the two bags placed behind, between the bladder and the

uterus. Their duds opened into the vagina, a very little way beyond

the opening of the urethra ; but there was nothing fimilar to the vafa

deferentia.

As the external parts had more of the cow than the bull, the clitoris,

which may be reckoned an external part, was alfo fimilar to that of the

cow ; not at all in a middle ftate between the penis of the bull and the

clitoris of the cow, as I have defcribed in the hermaphrodite horfe. There

were four teats ; the glandular part of the udder was but fmall.

This animal cannot be faid to have been a mixture of all the parts of

both fexes, for the clitoris had nothing fimilar to the penis in the male,

and it was deficient in the female parts, by having nothing fimilar to

the ovaria ; neither had the uterus a cavity.

MR. ARBUTHNOT S FREE MARTINf.

The external parts were rather fmaller than In the cow. The vagina

pafTed on, as in the cow, to the opening of the urethra, and then it

began to contrad: into a fmall canal, which paffed on to the divifion of

* Although I call thefe bodies tefticles, for the reafon given, yet they were only imitations

©f them J for when cut into, they had nothing of the ftrufture of the teftiole : not being fimi-

kr to any thing in Nature, they had more the appearance of difeafe. From the feeming

imperfedion of the animal itfelf, it was not to be fuppofed that they ftiould be tefticles, for

then the animal ftiould have partaken of die bull, which it certainly did not.

t This animal was feven years old ; had been often yoked with the oxen ; at other timer

went with the cows and bull ; but never fliewed any defires for either the one or the. other.
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the uterus into the two horns, each horn paffing along the edge of the

broad ligament laterally towards the ovaria.

At the termination of thefe horns were placed both the ovaria and the

teflicles } they were nearly of the fame fize, and about as large as a fmall

nutmeg.

To the ovaria I could not find any Fallopian tube.

To the teflicles were vafa deferentia, but they were imperfed:. The
left one did not reach near to the tefticle ; the right only came clofe to

it, but did not terminate in a body, called the epididymis. They were

both pervious, and opened into the vagina near the opening of the urethra.

On the pofterior furface of the bladder, or between the uterus and

bladder, were the two bags, called veficulae feminales in the male, but

much fmaller than what they are in the bull ; the du6ls opened along

with the vafa deferentia. This was more entitled to the name of herma-

phrodite than the firft or third ; for it had a mixture of all the parts,

though all were imperfedl.

MR. WELLS S FREE MARTIN.

This animal was between three and four years old when killed j and

had never been obferved to fhow any figns of defire for the male, although

it went conftantly with one ; and looked more like an heifer than free

martins ufually do.

The teats and udder were fmall compared with thofe of an heifer;

but rather larger than in either of the former examples ; the beginning of

the vagina was fimilar to that of the cow, but foon terminated a little

beyond the opening of the urethra, as in the firft defcribed. The vagina

and uterus, to external appearance, were continued, although not per-

vious j and the uterine part divided into two horns, at the end of which

were the ovaria.

I could not obferve in this animal any other body which I could fup-

_pofe to be the tefticle.
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There was on the fide of the uterus an interrupted vas deferens broken

off in feveral places.

Behind the bladder, or between that and the vagina, were the bags

called veficuls feminales ; between which were the terminations of the

two vafa deferentia.

The dudls of the bags, and the vafa deferentia, opened as in the laft

inftance.

This could not be called an exadl mixture of all the parts of both {exes,

for here was no appearance of tefticles.

The female parts were imperfeft, and there Vv'as the addition of part of

the vafa deferentia, and the bags called veficul^ feminales.

This circumftance of having no tefticles, perhaps, was the reafon why
it had more the external appearance of an heifer than what they com-

monly have, and more than either of the two former.

IC
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PLATE VIIL

THIS plate Is a reprefentation of Mr. Wright's free martin, taken

from a drawing of the living animal, by Mr. Gilpin, It fhows the ex-

ternal form of that animal, which is neither like the bull nor cow ; but

refembling the ox or fpayed heifer.
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PLATE IX.

THIS plate reprefents the organs of generation of Mr. WrigBt^s free

martin, which are more the parts of a bull than thofe of a co^^• ; and the

animal, while alive, had a good deal the charafter and look of an ox.

A The peak of the labia.

BB The labia.

C The glans clitoridis.

D D D D The inner furface of the common vagina.

E E The orifices of the ducts of two glands.

F Meatus urinarius.

G G The inner furface of the true vagina, terminating in a blind end

atH.

H The termination of the vagina in a blind end.

1 1 1 1 What may be called uterus, but impervious..

K K What may be cabled horns of the uterus.

L L The tefticles.

MM The fpermatic veflels.

N N The cremafter mufcles.

O O The veficuls feminales.

P P The duels of the veficulas feminales leen through the vagina^

Q^ Pomts to the dudls of ditto, into which are introduced briftles»_
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PLATE X,

THIS plate lliows the organs of generation of Mr. Arbuthnot's free

martin, which are alnioft a complete mixture of the male and female

:

with this flruclure of the parts, the external appearances and general

charafter of the animal correfponded, it being neither that of the bull nor

cow, but a mixt charadler.

A The peak of the labia.

B B The two labia.

C The glans clitoridis.

D D The in fide of the common vagina.

E E Orifices of the dudls of two glands.

F The orifice of the meatus urinarius.

G G The true vagina.

H H Either the contrafted vagina, or what may be called uterus.

1 1 The horns of ditto, only pervious a little way.

K The right ovarium deprived of its capfula.

L The left ovarium inclofed in its capfula.

M A briftle introduced through the orifice into the capfula.

N The right tefticle.

O O O O The right vas deferens.

P P The veficuls feminales.

QC^ The duds of veficuls feminales ieen through the vagina,

R Points to the openings of the valk deferentia and veficulse feminales.
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PLAT E XL

THIS plate exhibits a front view of the organs of generation of Mr.

Wells's free martin, which are more the parts of a cow than of a bull

;

and the animal itfelf refembled a young heifer very much in its appearance.

A The clitoris.

B B The crura clitoridis.

C The urethra.

D The bladder.

E The body of the uterus beyond the bladder, which is Impervious,

F F The horns of ditto, which are alfo impervious.

G The left ovarium deprived of its capfula.

H The capfula inclofing its ovarium.

1 1 1 1 Interrupted parts of the vafa deferentla.

K K The fpermatic veiTels.

L The gubernaculum of the right iide.

M The beginning of the tunica vaginalis communis^ into which is in-

troduced a briftle to {how that it is hollow.

N N A'^effels going behind the bladder.

O O The two ureters.

P P The veliculffi feminales.
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AN ACCOUNT OF AN EXTRAORDINARY
PHEASANT.

EVERY deviation from that original form and ilru6lure which gives

the diftingui£hing charadler to the produdtions of Nature, may not

improperly be called monftrous. According to this acceptation of the

term, the variety of monfters will be almoft infinite; and, as far as my
knowledge has extended, there is not a fpecies of animals, nay, there

is not a fingle part of an animal body, which is not fubjed: to an extra-

ordinary formation. Neither does this appear to be a matter of mere

chance ; for it may be obferved, that every fpecies has a difpofition to

deviate from Nature in a manner peculiar to itfelf. It is likewife worthy

of remark, that each fpecies of animals is difpofed to have nearly the

fame fort of defe<fls, and to have certain fupernumerary parts of the fame

kind : yet every part is not alike difpofed to take on a great variety of

forms ; but each part of each fpecies feems to have its monftrous form

originally imprefled upon it.

It is well known, that many orders of animals have the two parts de-

figned for the purpofe of generation different in individuals of the fame

fpecies, by which they are diftinguifl:ied into male and female -, but this

is not the only mark of diftinftion ; in the greateft part, the male being

diftinguifhed from the female by various other marks. The varieties

which are found in the parts of generation themfelves, I fhall call the

iirft, or principal marks, being originally formed in them and belonging

equally to both fexes ; all others depending upon thefe I fhall call fecon-

dary, as not taking place till the firft are becoming of ufe, and being

principally, although not entirely, in the male.

One of the moft general marks is, the fuperior ftrength of make in

the male ; and another circumftance, perhaps equally fo, is this ftrength

being dired;ed to one part more than another, which part is that moft
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immediately employed in fighting. This difference in external form is

more particularly remarkable in the animals whofe females are of a peace-

able nature ; as are the greateft number of thofe which feed on vegetables,

and the marks to difcriminate the fexes are in them very numerous. The

males of almoft every clafs of animals are probably difpofed to fight, be-

ing, as I have obferved, flronger than the females ; and in many of thefe

there are parts deftined folely for that purpofe, as the fpurs in the cock,

and the horns in the bull ; and on that account, the ftrength of the

bull lies principally in his neck, that of the cock in his limbs.

In carnivorous animals, whofe prey is often of a kind which requires

ftrength to kill, we do not find fuch a difference in the form of the male

and female ; very little being difcernible in the dog and bitch ; in the

he or fhe cat ; or in the cock and hen of the eagle. A difference, how-

ever, is often perceiveable in the whole or in fome part of their external

covering j the mane of the lion diftinguifhing him from the lionefs :

and the males of fuch animals as neither fight nor feed on flefh, being

only difcinguifhable from the female by fome peculiarity in the cover-

ing of their bodies, as the cock and hen in many birds. The male of

the human fpecies is diflinguiflied from the female, both by his general

llrength and his covering, as alfo by a difference of voice.

In thefe orders of animals whofe fexes are diftindl, we may not only

obferve the genital organs to be fubjeft to mal-conform-ation, as in any

other part of the animal ; but that an attempt is fometimes made to

unite the two organs in the fame animal body, making what may be

called, an unnatural hermaphrodite. In producing the unnatural her-

maphrodite, the fame laws feem to operate as in the mal-conformation

of other parts of animals ; it being obfervable, that thefe deviations obtain

through a whole fpecies precifely in the fame manner. I have already

siven an account of the free martin, which exhibits a mixture of the

two parts of generation in the fame animal.

It is my intention, at prefent, to extend my inquiry on this fubjedt no

further than what relates to the refemblance which one fex bears to ano-

ther, in thofe diftinguifhing properties which I term fecondary ; for we find
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that there Is often a change of the natural properties of the female fex into

thofe of the fecondary of the male ; the female, in fuch cafes, now and

then affuming the fecondary peculiarities of the male. It is to be ob-

ferved, that fome claffes are more liable than others to this change ; a

fmgular example of which is to be the fubjed: of the following pages.

To bring the foregoing obfervations into one point of view, I here beg

leave to remark, that in animals juffc born, or very young, there are no

peculiarities to dillinguilh one fex from the other, exclufive of what re-

lates to the organs of generation, which can only be in thofe who have

external parts ; and that towards the age of maturity, the difcriminating

changes beforementioned begin to appear j the male then loiing that re-

femblance he had to the female in various fecondary properties* ; but that

in all animals which are not of any diftindl fex, called hermaphrodites,

there is no fuch alteration taking place in their form when they arrive at

that age. It is evidently the male which at this time in fuch refpedis

recedes from the female ; every female being at the age of maturity more

like the young of the fame fpecies than the male is obferved to be : and if

the male is deprived of his teftes when young, he retains more of the

original youthful form, and therefore more refembles the female.

From hence it might be fuppofed, that the female charaiter contains

more truly the fpecific properties of the animal than the male ; but the

charadler of every animal Is that which is marked by the properties com-

mon to both fexes, which are found in a natural hermaphrodite, as in a

Ihail, or In animals of neither fex, as the caftrated male or fpayed female.

But v^'here the fexes are feparate, and the animals have two charac-

ters, the one cannot more than the other be called the true ; as the real

diftlngulfhlng marks of each particular fpecies, as has been mentioned

above, are thofe common to both fexes ; and which are likewife In the

unnatural hermaphrodite. That thefe properties give the diftincTt cha-

racter of fuch animals is evident, for the caftrated male and the Ipayed

* This is not common to all animals of diftinft fexes ; for in fiflies there is no great

difference ; nor in many infects : nor in dogs, as has been already obferved ; howeverj, it is

confiderable in many quadrupeds, but appears to be mofl- fo in birds.



78 OF AN EXTRAORDINARY PHEASANT.

female have both the fame common properties ; and when I treated of the

free martin, which is a monftrous hermaphrodite, I obferved that it was

more Hke the ox than the cow or bull ; fo that the marks charadleriftic

of the fpecies which are found in the animal of a double fex, are imitated

by depriving the individual of certain fexual parts, in confequence of

which it retains only the true properties of the fpecies.

They are curious fads in the natural hiftory of animals, that by de-

priving either fex of the true parts of generation, they ihall feem to

approach each other in appearances, and acquire a refemblance to the

unnatural hermaphrodite.

In fome fpecies of animals that have the fecondary properties we have

mentioned, there is a deviation from the general rules, by the perfedl fe-

male, with refpedt to the parts of generation, aifuming more or lefs the

fecondary character of the male.

This change does not appear to arife from any adion produced at the

firft formation of the animal ; and, in this refpeft, is limiiar to what takes

place in the male ; neither does it grow up with the animal as it does to

a certain degree in the male ; but feems to be one of thofe changes which

happens at a particular period, fimilar to many common and natural phe-

nomena ; like to what is obferved of the horns of the flag, which differ at

different ages ; or to the mane of the lion, which does not grow till after

his fifth year, &c.

This change has been obferved in fome of the bird tribe, but princi-

pally in the common pheafant ; and it has been obferved by" thofe who
are converfant with this bird, when wild, that there every now and then

appears a hen pheafant with the feathers of a cock : all, however, that

they have defcribed on the fubjedt is, that this animal does not breed

;

and that its fpurs do not grow. Some years ago, one of thefe was fent

to the late Dr. William Hunter, which I examined and found it to have

all the parts peculiar to the female of that bird. This Ipecimen is flill

preferved in Dr. Hunter's mufeum.

Dr. Pitcairn having received a pheafant of this kind from Sir Thomas

Harris, fliowed it as a curiofity to Sir Jofeph Banks and Dr. Solaader. I
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happening to be then prefent, was defired to examine the bird ; and the

following was the refult of my examination.

I found the parts of generation to be truly female : they being as per-

fed: as in any hen pheafant that is not in the leaft prepared for laying

eggs; and having both the ovaria and ovidudls.

As the obfervations hitherto made have been principally upon birds

found wild, little of their hiilory can be known -, but from what took

place in a hen pheafant, in the poiTeffion of a friend of Sir Jofeph Banks,

it appears probable that this change of character takes place at an advan-

ced period of the animal's life, and does not grow up with it from the

beginning. This lady, who had for fome time bred pheafants, and paid

particular attention to them, obferved that one of the hens, after having

produced feveral bi'oods, moulted ; when the fucceeding feathers were

thofe of a cock ; and that this animal was never afterwards impregnated.

Hence it is moft probable, that all the hen pheafants, found wild, having

the feathers of a cock, were formerly perfed; hens, but have been changed

hy age, or perhaps by certain conftitutional circumftances.

Having bought fome pheafants from a dealer in birds, among which

were feveral hens, I perceived, the year after, that one of the hens did

not lay, and that fhe began to change her feathers. The year following

fhe had nearly the plumage of the cock, but lefs brilliant, efpecially

on the head J and it is more than probable that this was an old hen,

nearly under circumftances fimilar to thofe before defcribed.

Lady Tyhte had a favourite pyed pea-hen which had produced chickens

eight feveral times ; having moulted when about eleven years old, the

lady and family were aftonifhed by her difplaying the feathers peculiar to

the other fex, and appeared like a pyed peacock. In this procefs the

tail, which became like that of the cock, firft made its appearance after

moulting; and in the following year, having moulted again, produced

limilar feathers. In the third year fhe did the fame ; and, in addition, ,

had fpurs refembling thofe of a cock. She never bred after this change

in her plumage, and died in the following winter during the hard froil,
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in the year 1775-6. This bird is now preferved in the mufeum of the late

Sir Afl^iton Lever*.

From what has been related of thefe three birds, we may conclude,

that this change is merely the eifedl of age, and obtains to a certain de-

gree in every clafs of animals. We find fomething fimilar taking place

even in the human fpecies : for that increafe of hair obfervable on the

faces of many women in advanced life, is an approach towards the beard,

which is one of the moft diftinguilhing fecondary properties of man.

Thus we fee the fexes which, at an early period, had little to diftinguilh

them from each other, acquiring about the time of puberty fecondary

properties, which clearly charadlerife the male and female ; the male at

this time receding from the female, and affuming the fecondary properties

of his fex.

The female, at a much later time of life, Vv'hen the powers of propa-

gation ceafe, lofes many of her peculiar properties ; and may be faid,

except from mere fcrudlure of parts, to be of no fex ; even receding from

the original characler of the animal, and approaching, in appearance,

towards the male, or perhaps more properly towards the hermaphrodite.

* It might be fuppofed, that this bird was really a cock which had been fubftituted for the

'hen; but the following facts put this matter beyond a doubt. Firft, there was no other pyed

pea-fowl in the county. Secondly, the hen had nobs on her toes, which were the fame after

her change. Thirdly, fhe was as fmall after the change as before, therefore too fmall for a

cock. Fourthly, fhe was a favourite bird, and was generally fed by the lady, and ufed tq

come for her food, which fhe ftiircontinued to do after the change in the fea,thers.
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AN ACCOUNT OF THE ORGAN OF HEARING
IN FISHES.

NATURAL hiftory having ever been confidered as worthy the atten-

tion of the curious philofopher, has in all ages kept pace with the

other branches of knowledge ; and as both arts and fciences have of late

years been cultivated to a degree, perhaps, beyond what was ever known

before, we find that natural hiflory has not been negledled. All the na-

tions of Europe appear folicitous to encourage the ftudy ; and in this

ifland it has been purfued with more philofophic ardour than was ever

known in any country. It has become an objedl of purfuit to men pof-

feffed of affluent fortune j which they have not only dedicated to the

cultivation of this fcience, but have even rifked their health and lives in

exploring unknown regions to increafe the fources of information, and in

fettling correfpondences every where, fo as to bring materials into this

country that might render it the fchool of natural hiflory. It is no

wonder then, that a fpirit of inquiry is diifufed through almofl all ranks

of men ; and that thofe who cannot purfue it themfelves, yet chufing at

leaft to benefit by the induftry of others, are eager to be informed of what

is already known.

Thefe refledtions have induced me to publilli this fhort account of the

Organ of Hearing in Fifhes ; for though the exiftence of fuch an organ is

now known to many, it is flill a fubjedt of difpute with others, whether

they polTefs the fenfe or not.

Some time before I quitted m.y anatomical purfuits, in the year 1 760,

and went vnth the army to Bellille, I had difcovered this organ in fifhes,

and had the parts expofed and preferved in fpirits. In fome the canals

were filled with coloured injeftion, which fliowed them to great advan-

tage ; and in others were fo prepared, as to fit them to be kept as dried

M
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preparations*. My refearches, in that and in every other part of the

animal ceconomy, have been continued ever lince that time. I am ftill

inclined to conlider whatever is uncommon in the ftrudlure of this organ

in fiflies, as only a link in the chain of varieties difplayed in its formation

in different animals, defcending from the moft perfcft to the moft im-

perfeft, in a regular progreffionf.

As in this age of inveftigation, a hint that fuch an organ exifted v^ould

be fufficient to excite a fpirit of conjedure or inquiry, I was aware that

there would not be wanting fome men, who, whether they only imagined

the fa£t might be true, or really found it to be fo, would be very ready to

affume all the merit of the difcovery to themfelves. My attention was more

jftrongly called to this point by hearing, in converfation, that fome anato-

mifts in France, Germany, and Italy, had difcovered the organ of hearing

in fifhes, and intended to publifh on the fubjedt. I therefore thought

that it would be only juftice to myfelf to deliver to the Royal Society, a

fliort account of that organ, a difcovery of which I had made more than

twenty years before. This account I ihall reprint here, without adding

any thing to what I had before written ; referving a more complete exa-

mination of this fubjeft for a larger work, on the ftrufture of animals,

which I one day hope to have it in my power to publifh.

I do not intend to give a full account of this organ in any one fi(h, or

of the varieties in different fifhes, but only of the organ in general i thofe

therefore who may wifh to purfue this branch of the animal ceconomy

will think it deficient perhaps in the defcriptive parts. If it was a difficult

tafk to expofe this organ in fifhes, I fhould perhaps be led to be more full

in my defcription of it ; but in fa6t there is nothing more eafy.

* I have injeiSted thefe parts in other animals, both with wax and metals ; which, the bone

being afterwards corroded in fpirit of fea-falt, make elegant cafts of thefe canals.

f The preparations to illuftrate thefe fafts have been, ever fince, (hewn in my colleflion,

to both the curious of this country and foreigners. In fhewing whatever was new, or fup-

pofed to be new, the ears of fifhes were always confidered by me as one important article.
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It may be proper juft to obferve here, that the clafs called fepia has the

organ of hearing, though fomewhat differently conftrufted from what it

is in fifhes.

The organ of hearing in fiflies is placed on the fides of the ikuU, or

cavity which contains the brain j but the ikull makes no part of it, as

it does in the quadruped and the bird ; the organ being a diftinil and

detached part. In fome fifhes, as in thofe of the ray kind, the organ is

wholly furrounded by the parts compofing the cavity of the ikull ; in

others it is in part within the fkill, or cavity which contains the brain, as

in the falmon, cod, &c, the ikull projecting laterally, and forming a

cavity.

The organ of hearing in fifhes appears to increafe'in dimenfions with

the animal, and nearly in the fam.e proportion ; which is not the cafe

with the quadruped, &c. the organs being in them nearly as large in the

growing foetus as in the adult. Neither is its ilrufture, by any degree, fo

complicated in fifhes as in all thofe orders of animals which may be

reckoned fuperior, fuch as quadrupeds, birds, and amphibious animals

;

but there is a regular gradation from the firfl: of thefe to fifhes.

It varies in different genera of fifhes j but in all, it confifls of three

curved tubes which unite one with another ; this union forms in fome

only one canal, as in the cod, falmon, ling, &c. and in others a tolerably

'

large cavity, as in the ray kind. In the jack there is an oblong bag, or

blind procefs, which is an addition to thefe canals, and communicates

with them at their union. In the cod, &c. this union of the three tubes

Hands upon an oval cavity j and in the jack there are two : the additional

cavities in thefe fifhes appearing to anfwer the fame purpofe with the

cavity obferved in the ray or cartilaginous fiflies, which is at the union

of the three canals.

The whole organ is compofed of a kind of cartilaginous fubilance,

very hard or firm in fome parts, and in fome fifhes cruiled over with a

thin bony lamella, to prevent it from collapfing ; for as the fkull does

not form any part of thefe canals or cavities, they muft be compofed of a

fubilance capable of keeping its form.
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Each tube defcribes more than a femicircle • refembling, in fome Ibrt,

what we find in moil other animals, bat differing in the parts being

diftindt from the Ikull*.

Two of the femicircular canals are fimilar to one another, may be

called a pair, and are placed perpendicularly; the third is not fo long,

and in fome is placed horizontally, uniting as it were the other two at

their ends or terminations. In the fkate, this is fomewhat different, being

only united to one of the perpendicular canals. The two femicircular

canals, whofe pofition is perpendicular, are united, forming one canal ; at

their other extremities they have no connexion with each other, but join

the horizontal one, near its entrance into the common cavity. Near the

union of thefe canals they are fwelled out into round bags, and become

much larger.

In the ray kind all thefe canals terminate in one cavity ; and in the

cod, in one canal, placed upon the additional cavity or cavities, in which

there is a bone or bones. In fome there are two bones ; and in the jack,

which has two cavities, we find in one of them two bones, and in the

other one; in the ray there is only a chalky fubfl:ance|.

In fome fifhes the external communication, or meatus, enters at the

union of the two perpendicular canals ; which is the cafe with all the

ray kind, the external orifice being fmall, and placed on the upper flat

furface of the head ; but it is not every genus or fpecies of fifhes that

have the external opening.

The nerves of the ear pafs outwards from the brain, and appear to ter-

minate at once on the external furface of the enlarged part of the femi-

circular tubes above defcribed. They do not appear to pafs through thefe

tubes fo as to get on the infide, as is fuppofed to be the cafe in quadru-

peds ; I fhould therefore very much fufpedt, that the lining of the tubes

in the quadruped is not nerve, but a kind of internal periofleum.

* The turde and the crocodile have a ftrufture fomewhat fimilar to this; and the inten-

tion is the fame, for their fkulls make no part of the organ.

t This chalky fubftance is alfo found in the ears of amphibious animals>
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As it is evident that filhes polTefs the organ of hearing. It becomes un-

neceffary to make or relate any experiment made with living fifhes, which

only tends to prove this faft -, but I will mention one experiment, to fhow

that founds afFeft them much, and is one of their guards, as it is in other

animals. In the year 1762, when I was in Portugal, I obferved in a

nobleman's garden, near Lilbon, a fmall fiih-pond full of different kinds

of fifh. The bottom was level with the ground, the pond having been

made by forming a bank all round, and had a flirubbery clofe to iu

WhilH I lay on the bank, obferving the fifh fwimming about, I defired a

gentleman, who was with me, to take a loaded gun and fire it from be-

hind the fhrubs. The reafon for defiring him to go behind the fhrubs

was, that there might not be the leaft reflexion of light. The moment

the report was made, the fifh feemed to be all of one mind, for they

vanifhed inflantaneoufly, raifing a cloud of mud from the bottom. In

about five minutes afterwards they began to appear, and were feen fwim-

ming about as before.

Monf. GeofFroi, who has written on this organ, confiders the ray as in the

clafs of reptiles ; and with that idea has examined their organ of hearing.

He is by no means clear in his defcription, fo that it is almofc impoflible

to follow him ; yet it is but doing him juflice to allow, that he has dif-

covered what is analogous to the three femicircular canals in other ani-

mals, together with their union into one cavity. He mentions the chalky

fubflance contained in that cavity, and alfo the nerves : but it is by no

means clear, that he was acquainted with the external opening which

leads to thefe canals. He fays, " The entrance of the organ of hearing

(by which one would fuppofe he means the meatus auditorius exturnus)

is not eafily difcovered" ; but that which he defcribes does not correfpond

with the real fituation of the external communication ; Vv^e may therefore

reafonably conclude, that he is defcribing fomething elfe. He is not

more clear in his mode of reafoning on the application of the parts to pro-

duce the fenfe of hearing. He obferves, that the organ of hearing is

very imperfed; in this fpecies of animals ; but fuppofes this to be com-
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penfated, by the medium in which they live, and by which found is con-

veyed to them, being more denfe than that of the air, by which found is

communicated to animals living on the land ; and, of this idea he is cer-

tainly the author. Monf. Geoffroi cannot indeed be faid to have given

a perfeft 'account of the organ of hearing in fiflies, yet on the whole he

fhould be conlidered as a difcoverer : for though he en ; made his obfer-

vations on the ray, as belonging to the clafs of reptiles, yet as it may be

properly confidered of the fifh kind, he has a juft claim to that credit.

Had I formerly been acquainted with this author's refearches and preten-

fions, I fliould not have claimed that to v/hich I had not a prior right

;

nor fhould I have held the difcovery of the external communication

alone, an objedl of confequence enough to induce me to difpute the honour

with Monf. Geoffroi.

In looking over the works of the different authors who have treated of

the organ of hearing in fifhes, I find from a paffage in Willoughby,* who
publiflied prior to Monf. Geoffroi, and indeed is quoted by him, that my
claim, even to the difcovery of the external opening, is not fo ftrong as I

believed it to be ; as he mentions an external orifice in the fkate, conti-

guous to what he fuppofes the organ of hearing in that fifh. If what he

alludes to is really the external opening of the ear, it gives him a prior

claim to the difcovery of that part of the organ ; although from his ac-

count, he does not feem to have been acquainted vs^ith the organ itfelf

:

for as in defcribing the external ear of the thornback, he has evidently

miftaken the nofe of it, of which he gives a tolerable full account, it is

very obvious that he was ignorant of the opening into the eart.

Although profeffor Camper publifhed an account of the organ of hear-

ing in fifhes fo late as 1774, he did not feem, at that time, to have been

acquainted with the external opening of the ear in the ray. After giving

a defcription of the organ of hearing in the pike, he makes fome general

obfervations on the fimilarity of this organ in other fifhes ; but excepts

* Willughbeii Hiftoria Pifcium, Oxonii 1686, lib. iii. cap. viii.

t Lib. iii. cap. xiv.
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the {hark and ray*. This exception we might fuppofe alluded to the

auditory canal ; but further on he explains what is meant by this excep-

tion, and does not mention the external opening in the ray ; from which

we may fairly conclude that he was not acquainted with itt.

* " II eft tres-vraifemblable que toutes les autres efpeces de poifTons, tant malacopterygte

qu' acanthopterygii, auffi-bien que les hranchioflegi & les chondropterjgii d'Artedi, a I'excep-

tion des fqualis & des raies, ont I'organe de I'ouie conftruit a peu pres de la meme fa^on ; je

n'excepte pas I'efturgeon, quoique M. Klein, ibid, ait donne la defcription du conduit auditif,

^age !.(), figure A^ Tab. z. b ; ce poiflbn etant rare parmi nous, je n'ai eu occaiion de I'exami-

ner qu'une feule fois fans avoir trouve ce conduit." Memoirs Etrangers de I'Academie des

Sciences, 1774, torn. 6, page 190.

f " Au contraire, les chiens de mer, les gakis de Rondelet & les poifTons qu'il a decrits,

lib. XII; les fqualis d'Artedi & les raies, ont bien I'organe a peu pres de la meme compofi-

tion, mais il eft enferme dans une caifle tout efTeufe ou cartilagineufe, ce qui ne fait pas une

difference effentielle ; ils entendent done comme les eglefins, les morues, les baudroyes & les

brochets, en un mot comme tous les autres poiiTons non amphibies : M. Geoffroi s'eft trompe

en comparant leurs organes avec celui de reptiles, tels que la vipere, les lezards, &c. qui

entendent le fon comme les quadrupedes, les oifeaux & les amphibies aquatiques, favoir

par le moyen de Pair & d'un tambour, comme j'ai deffein de le prouver dans une autre

occafion," Memoires Etrangers de I'Acadamie des Sciences, 1774, torn. 6, page 190.
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AN ACCOUNT OF CERTAIN RECEPTACLES OF
AIR IN BIRDS, WHICH COMMUNICATE WITH
THE LUNGS AND EUSTACHIAN TUBE.

SINCE the account of thefe receptacles was read before the Royal

Society, in the year 1774, I have, by the diiTeftion of a number of

birds, been able to make fome additional obfervations relative to the ex-

tent of the air-cells which communicate with the lungs in animals of

this clafs. Thefe latter obfervations were not, however, made in confe—

quence of any regular defign to inveftigate this fubjed: further, as to have

eftablifhed the principle feemed all that was neceffary ; unlefs by general

obfervations we could hope to throw more light on the final intention of

this remarkable piece of mechanifm.

Before the period I have mentioned, the communication fubfifting in

birds, between the air-cells of the lungs and other cavities of the body,

had not been clearly explained, nor even much attended to by anatomifts

or natural hiftorians. It is a Angularity of ftrudure peculiar to this

tribe of animals ; and an account of it, cannot, I imagine, be unaccepta-

ble to the public.

It is not my prefent intention to enter into minute defcriptions of all

the particular communications of this fort difcoverable in birds by diflec-

tion, but only to mention fuch general' fafts as may ferve to introduce the

fubjefl: into natural hiftory, and lead to an inquiry into the purpofes which

this ftrudlure was intended to anfwer. With this view I {hall endeavour

to give fome idea of the conftruftion of the lungs, and of the air-recepta-

cles in birds ; occalionally remarking the circumftances in which thele

principally differ from what is feen in other animals.

The mechanifm of the lungs in birds, which renders them fit for con-

veying air to different parts oi the body, coiififls principally in certain ~

communications.
N
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It has been afferted that birds have no diaphragm ; but this opinion

muft have arifen either from a want of obfervation, or from too confined

an idea of a diaphragm ; for there is a moderately ftrong, but thin and

tranfparent membrane, covering the lower furface of the lungs, and ad-

hering to them, that aifords infertion to feveral thin mufcles which arife

from the inner furfaces of the ribs. The ufe of this part feems to be that

of lefTening the concavity of the lungs towards the abdomen, at the time

of infpiration, and thereby afilfting to dilate the air-cells ; for which rea-

fon it is to be confidered as anfvvering one main purpofe of a diaphragm.

Befides this attachment of the lungs- to the diaphragm, they are alfo

connefted to the ribs, and to the fides of the vertebras.

Such adhefions are peculiar to this tribe of animals, and are of fingular

ufe, nay in fad: are abfolutely necelTary in lungs like thofe of birds ; out

of which it is intended the air (liould find a pafTage into other cavities.

For if the lungs were loofe in the cavity of the thorax, as is the cafe in

many other animals, the cells of the lungs could not be expanded, either

by the depreflion of the diaphragm, or the elevation of the ribs ; fince

the air rufhing in to fill up the vacuum produced in the cavity of the

chefb, by thefe aftions, would take the flraight road from the trachea

through the pafiTages, and of confequence would expand no part of the

lungs which lay out of that line, whereby refpiration would be totally

prevented, and an effedt produced exacftly fimilar to what happens in other

animals when the lungs are fo much wounded as to allow a free exit to

the air at that part.

The cells in the bodies of birds which receive air from the lungs, are

to be found both in the foft parts, and in the bones ; and have no com-

munication with the cavity of the common cellular membrane. Some of

thefe air-bags are placed in the larger cavities, as in the abdomen ; and

others are fo lodged in the interfaces of mufcles, blood, vefi"els, and nerves,

about the bread, axilla, &c.as at firfl to give the appearance of the common
connedling membrane. Some communicate immediately with one ano-

ther ; and all may be faid to have a communication by means of the
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lungs. They are of very different fizes, as may beft fuit the particular

circumflances of the parts in which they are placed.

The bones which receive air are of two kinds ; fome, as the flernum,

ribs, and vertebrcE, having their internal fubflance divided into innume-

rable cells j whilil others, as the os humeri and os femoris, are hollowed

out into one large canal, v/ith fometimes a few bony columns running

acrofs at its extremities. Bones of this kind may be diftinguiflied from

thofe that do not receive air, by feveral marks : firfl. By their lefs fpeci-

fic gravity : fecondly. By being lefs vafcular than the others, and there-

fore whiter : thirdly. By their containing little or no oil, and confequently

being more eafily cleaned j and when cleaned, appearing much whiter

than common bones : fourthly. By having no marrow, or even any bloody

pulpy fubflance in their cells : fifthly. By not being in general fo hard and

firm, as other bones* ; and fixthly. By the pafiage that allows the air to

enter the bones, which can be eafily perceived. In the recent bone we

may readily difcover holes, or openings, not fiJled with any foft fubflance

as blood-veffels or nerves ; feveral of thefe holes are placed together, near

that end of the bone which is next to the trunk of the bird ; and are

diftinguiiliable by having their external edges rounded off, Vs'hich is not

the cafe with the holes through which either nerves or blood-veflels pafs

into the fubflance of the bone. When birds break any of the bones which

contain air, the furrounding parts often become emphyfematous.

There are openings in the lungs, by which air is tranfmitted to the

other parts j and the membrane or diaphragm, abovementioned, is per-

forated in feveral places v/ith holes of a confi.derable fize, which admit of

a free comm.unication between the cells of the lungs and the abdomen, a

circumflance which has been frequently noticed. To each of thefe per-

forations is joined a diflind: membranous bag, extremely thin and tranf-

parent j which bags being- afterwards continued through the whole of the

abdomen and attached to the back and fides of that cavity, are kept firm

* The bones of fome birds are fo foft that they can be fqueezed together with the finger

and thumb ; the bones of the extremities^ however, have very folid fides.
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in their proper fituations ; each receiving the air from their refpeftive

openings. There is no occafion to defcribe here all the bags, or their

attachments, it being fufficient to have faid, that they extend over the

whole abdomen.

The lungs at the anterior part, contiguous to the flernum, have open-

ings into certain membranous cells which lie upon the fides of the peri-

cardium, and communiqate with the cells of the fternum. At the fupe-

rior part the lungs have a communication with the large cells of a loofe

net-work, through which the trachea, cefophagus, and great veffels pafs

as they are going to and from the heart. When thefe cells are diftended

with air, the fize of that part where they lie is very confiderably increafed,

and this enlargement is in general a mark of either the paffion of anger

or love. It is plainly feen in the Turkey-cock, the pouting pigeon, &c.

and is very vifible in the breaft of a goofe when fhe cackles. Thefe cells

communicate with others in the axilla, under the large pedtoral mufcle

;

^ and in fome birds are flill further extended. In the pelican, for inftance,

the flcin of the whole body, even to the tip of the wing, is united to the

part underneath, by means of thefe cells, which are equally formed ; and

when the fkin is removed, the two feparated furfaces appear as if honey-

combed. When the cells are diftended, the fkin is removed to a confider-

able diftance, by which means the volume is proportionally increafed. In

moft birds, I believe in all that fly, thefe axillary cells communicate with

the cavity of the os humeri, by means of fmall openings in the hollow

furface near the head of that bone ; in fome they are continued down the

wing, communicating with the ulna and radius ; in others they reach

even as far as the pinions. The oftrich, however, is an exception.

The poflerior edge of the lungs (which lies on the fides of the fpine

and projefts backwards between the ribs) communicates with the cells of

the bodies of the vertebrae, with thofe of the ribs, the canal of the me-
dulla fpinalis, and the cells of the facrum, and other bones of the pelvis

;

from which parts the air finds a paflage into the cavity of the thigh-

bone. This takes place in the greateft number of birds ; but in fome

the air is even continued part of the way down the thighs. This account
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agrees with what we generally find, though fome birds have more, and

feme fewer of thefe communications ; for, in the oftrich, no air gets into

the OS humeri, yet it enters into every other part, as before defcribed, and

in very large quantities. In the common fowl no air appears to enter

any bone except the os humeri. The wood-cock has no air-cells, either

in the firft bones of the wing, or in the thigh bones. On the other

hand, in the pelican the air paffes on to the ulna and radius, and into

thofe bones which anfwer to the carpus and metacarpus of quadrupeds.

Thus the cells of the abdomen, thofe furrounding the pericardium,

thofe fituated at the lower and forepart of the neck, and in the axilla,

thoie in the cellular membrane under the pedloral mufcles, as well as in

that which unites the fkin to the body, all communicate with the lungs,

and are capable of being filled with air ; and again from them, the cells

of the flernum, ribs, vertebrs of the back and loins, bones of the pelvis,

the humeri, the ulna and radius, with the pinions and thigh bones, can

in many birds be furnillied with air.

It is not by the lungs alone, that air is conveyed into the bones of

birds ; for the cells of the diploe between the two plates of the fkull, in

fome birds, receive a confiderable quantity of air by the Euftachian tube.*

Of this the owl is a remarkable inftance. The lower jaw of fome kinds,

is likewife fupplied with air, and often by the fame canal.t Some au-

thors have confidered the deploe in the cranium of a bird as a continuation

* The only thing, in other animals, fimilar to this communication in birds^ of the cells of

bones with the external air, is that which takes place in the internal ear of quadrupeds, by

means of the Euftachian tube.

f When I wrote this account to fend It to the Royal Society, I did not then know by

what means this was done ; for in that I faid, " but by what means I do not know"; that is,

I did not know whether it was conveyed by the trachea, where it pafles along the neck, or

the Euftachian tube. Profeflbr Camper, when he did me the honour to call upon me, was

fo obliging as to take fome pains to fhow me, in the lower jaw of the hawk, the hole where

the air entered ; which makes me fufpeft he did not underftand what I had written. For

after having given the marks by which fuch openings were particularly diftinguiflied, it will

hardly be fuppofed I could fay that I did not know the hole where the air entered.
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of the msmillary procefs > and looked upon it as a circumftance peculiar

to finging birds; which is not really true.

Thefe fafts, which had been formerly obferved, led me in the year

1758 to make feveral experiments upon the breathing of birds, that might

prove the free communication between the lungs and the before mentioned

parts.

Firft, I made an opening into the belly of a cock, and having introdu-

ced a filver cannula, tied up the trachea ; I found that the animal breathed

by this opening, and might have lived ; but by an inflammation in the

bowels coming on, adheiions were produced, and the communication was

cut off.

I next cut the wing through the os humeri, in another fowl, and tying

up the trachea, as in the cock, found that the air paffed to and from the

lungs by the canal in this bone. The fame experiment was made with

thd OS femoris of a young hawk, and was attended with a fimilar refult.

But the paffage of air through the divided parts, in both thefe experi-

ments, efpecially in the laft, was attended with more difficulty than in

the former one j it was indeed fo great, as to render it impoffible for the

animal to live longer t;han evidently to prove that it breathed through the

cut bone.

I have made feveral preparations of thefe cells, by throwing into the

trachea an injedion, commonly called the corroding injection, which firft

filled the air-cells of the lungs, then all the others, fuch as the cells in the

abdomen, anterior and fuperior part of the cheft, axilla, os humeri, cells

of the back-bone and thigh ^ and the whole being afterwards put into

fpirit of fea-falt, and corroded, the caft of injedlion came out entire.

The Angularity of thefe communications in birds, put me upon confi-

dering what might be their final intention. At firft I fuppofed it might

be intended to affift the ad: of flying, that being the circumftance which

appears the moft peculiar to birds j and it might be of fervice in that

refped, I thought, by increafing the volume and ftrength with the fame

quantity of matter, without adding to the weight of the whole, which

indeed would rather be diminifhed by the difference of fpecific gravity be-



OF AIR-CELLS IN BIRDS. 9^

tween the external and internal air. This opimon was flrengthened, by

difcovering that the feathers of birds contained aifo a confiderable quan-

tity of air, in the very part which requires the greatefl flrength ; and by

the analogy which is obferved between this mechanifm in birds, and what

is difcoverable in moil kinds of fifhes. For thefe laft have air contained

within their bodies, which I believe is commonly fuppofed to lefleri their

fpecific gravity, although this does not appear fo necelTary in filhes, who

move in a much heavier element than birds.* But when I found that

* When we confider that the elevating and fufpending apparatus is much fmaller in fifhes

than in birds, we may reafonably conceive the air in them was intended as a kind of equili-

brium between the fifh and water ; and that progreffive motion was the only thing wanted in

the actions of fiflies. Were we to reafon upon general principles alone, we fhould fuppofe

that thofe fifhes who have the largeft air-bags fhould have their mufcles of a greater fpecific

gravitjf ; and thofe fifhes that have none, fhould have the lighteft flefh ; 'therefore that the

flefh of the falmon and cod, which have an air-bag, fhould be heavier than that of the fhark,

which has none : but to know how far this, which appeared to be reafonable, WaS a faft, I

made the following experiments :

Experiment i. I took a portion of mufcle of the fhark, cod, and falmon, of the fame

weight in air ; and firft examined how far they occupied the fame fpace, by immerfing tliein

in water, and obferving the rife or fall of the water upon each of them being feparately im-

merfed in it.

The fhark occupied the fmalleft fpace, the falmon a little more, and the cod the largeft.

Experiment 2. I then fufpended the fame three portions, upon a level, in a glafs veilel

filled with water about two feet high, and let them ail go at the fame inftant, to fee which

would fall through the water in the fhortefl fpace of time. The fhark got to the bottom firft,

the falmon next, and the cod laft.

It is necefTary to obferve that, in both thefe experiments, the difl^erence in bulk, and in

the times of their falling was very little ; but, however, fufficient to afcertain the facl for

which the experiments were inftituted.

To fee how far the mufcular flefh of birds was fpecifically lighter than that of a quadruped,

I repeated the above experiments upon a portion of a hind, of a pigeon, and of a fheep, but

could difcover no vifible difference in their weight.

It may be obferved, there are in common two fituations of oil in fiflies ; in one it is diffufed

through the fifb, as if the body had been fteeped in it, as in the falmon, herring, &c. In the

other it is found in the liver, as in all of the ray kind, cod, &c. and in general thofe that have

it in one part have none in the other ; however, there are fome, although I believe but few,

who
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the oftrich (which is not intended to fly) was amply provided with thefe

cells ; and that the common fowl, and many others of that clafs, which

are endowed with the faculty of flying, were lefs liberally fupplied : when

I faw that even the v/ood-cock, which flies, and is fuppofed a bird of

paffage, was inferior in this refpeft to the ofl:rich ; and that the bat dif-

fered not in ftrufture from animals that do not fly, I was compelled, by

fo many contradiftions to theory, to fuppofe that this Angular mechanifm

might be intended for fome other purpofe.

The next conjecture that offered, was, that thefe cells were to be con-

fidered as an appendage to the lungs ; and to this I was led by the analogy

obfervable between birds and amphibious animals. For although both in

the bird and amphibious tribe, as the fnake, viper, and many others, the

lungs are continued down through the whole belly, in form of two bags,

and therefore appear to be larger than the lungs in any other animal, yet in

all of them the quantity of furface expofed to the air is much lefs than In

the quadruped ; for the cells of the lungs in the bird are larger, and in the

fnake, &c. the upper part only can perform the office of refpiration with

any degree of efteft ; the lower having comparatively but few air-veflels.

The air mufl: pafs through this upper part before it gets to the lower in in-

fpiration, and mufl: alfo repafs in expiration, fo that the refpiratory furface

has more air-applied to it than what the lungs of themfelves could con-

tain. It is not however to be fuppofed, that the air can be made to pafs

to and fro in bones as in parts which admit of contraftion and dilatation ;

the purpofe anfwered by thefe bony cells mufl therefore be diflrerent j and

perhaps they fhould be confidered as refervoirs of air.* There is in fail a

who have their oil in form of what may be called fat, viz. in fleaks in the interftice of parts,

as the Iturgeon. The liver, in thofe of the ray kind, is large and extended through the belly

;

therefore it might be fuppofed to lighten the body, from oil being lighter than water or the

flefh ; but we have oil in the liver of the cod ; and in the falmon and herring, the oil is dif-

fufed through the whole ; therefore 1 am afFraid we are not yet acquainted vvitli the full efFedl

of the air-bladder in fifhes.

* It is not to be fuppofed that, the air in the cells in birds will be changed while flying

;

oiJy accumulated and retained; not in the leaft influenced by either infpiration or ex-

piration.
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great fimilarlty between birds and that clafs of animals called amphibious ;

and although a bird and a fnake are not the fame in the conflrudion of

the refpiratory organs, yet the circumftance of the air pafTing in both

beyond the lungs, into the cavity of the abdomen, naturally leads us to

fuppofe, that a ftrudture fo fimilar is defigned in each to anfwer a fimilar

purpofe. This analogy is ftill further fupported by the lungs in both con-

fifling of large cells. Now in amphibious animals, the ufe of fuch a

conformation of the lungs is evident ; as it is in confequence of this

ilrudlure that they require to breathe lefs frequently than others : and in

this refped: it may, in birds, have fome connexion with flying j as that

motion might eafily be imagined to render frequency of refpiration incon-

venient, and a refervoir of air would therefore become iingularly ufeful.

Although we are not to confider this flrufture in birds to be an extention

of lungs, yet I can eafily conceive this accumulation of air to be of great

ufe in refpiration. For, it was obferved before, refpedling the amphibii,

that the air in its paflage to and from thefe cells, muft certainly have a con-

iiderable eifed: upon the blood in the lungs, by allowing a much greater

quantity of air to pafs in a given time than if there was no fuch con-

firrudlion of parts j* and this opinion will not appear to be ill founded, if

we confider that both in the bird and the viper, the furface of the lungs is

fmall in comparifon to what it is in many other animals which have not

piration. It might be afked, Where is the ftrifture upon the air when flying, fo as to

keep the parts diftended ; is it upon the outlets from the lungs, or is it at the glottis,

as in the quadruped ? For we may obferve, that when an animal is ufing confiderable

exercife, it never either expands the lungs, nor makes a fall expiration, giving the ribs and

diaphragm as little extent of motion as poiTible, fo that the body may be kept firm, which

obliges it to breathe oftener ; and as this quantity of air is not fufficient for the accelerated

motion of the blood, the animal gets what is called, out of breath ; which is no more than

the two not being proportioned ; and when it refts, it breathes as quick, and takes as long

ftrokes as poflible, to make up the lofs. So that in exercife we probably breathe lefs air.

* It may, perhaps, occur to fome that, the whole of thefe communicating cells are to be

confidered as extended lungs ; but I can hardly think that any air which gets beyond the vefi-

culated lungs themfelves is capable of afFe£ling the blood of the animal, as the other cavities

into which it enters, whether of the foft parts or of the bones, appear to be very little vafcular.

O
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this extenfion of cavity. It is alfo a corroborating circumftance, that irr

the fowl the air might have paffed by a much readier way than through

the lungs, into all the cells about the breail, neck, axilla, wings, &c, as

thefe could have been filled from the lower end of the trachea, upon which

many of them lie. But the air mufl now take a roundabout pafTage both

in its way in and its way out, thofe openings being upon the exterior fur-

face of the lungs. We muft not however give up the idea of fuch ftruc-

ture being of ufe in flying ; for I believe we may fet it down as a general

rule, that in the birds of longeft and higheft flight, as eagles, this diffufion

-of air is extended further than in the others. This opinion is ftrengthened

by comparing the ftruilure above defcribed with the refpiratory organs irx

the flying infetfts, which are compofed of cells difFufed through the whole

body : thefe are extended even ijito the. head and down the extremities,

while there is no fuch appearance in the infedlis that do not fly, as the fpi-

der : but why the pelican fhould be fo amply provided, I cannot fay, not

knowing the natural hiflory of that bird fufficiently to be able to judge of

this point. Do they carry weights in the large fauces fo great as to re-

quire fuch an increafe of fubfl:ance without increafe of weight ?

How far this conftrudtion of the refpiratory organs may afllft birds in

. iSnging, deferves invefligation ; as the vaft continuance of fong, between

the breathings, in a Canary-bird, would appear to arife from it. This is a

fubjed: however which I fhall not at prefent enter upon.
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EXPERIMENTS AND OBSERVATIONS ON ANI-

MALS, WITH RESPECT TO THE POWER OF
PRODUCING HEAT.

SOME late ingenious experiments and obfervations, publifhed in the

Philofophical Tranfadions, upon a power which animals feem to

poiTefs of generating cold, induced me to look over my notes, containing

fome which I had made in the year 1766, indicating an oppofite power in

animals, whereby they are capable of refilling any external cold while alive,

by generating within themfelves a degree of heat fufficient to counteradl it.

Thofe experiments were not originally inftituted with any expedtation of

the event which refulted from them, but for the purpofe of fatisfying my-
felf, whether an animal could retain life after being frozen, as has been

confidently aiferted both of fiihes and fnakes. For that thefe, after being

frozen, ftill retain fo much of life, as when thawed to refume their vital

anions, is a fa£t fo well attefled, that we are bound to believe it ; and had

my experiment fucceeded, it was my intention to have tried the effeds of

freezing on living animals to a much greater degree than can ever happen

accidentally.

I mention thefe circumftances, to account for what might otherwife be

attributed to negligence and inattention ; namely, the Kttle nicety that was

obferved in meafuring theprecife degree of celd applied in the experiments.

Accuracy in this particular was not aimed at, being of no confequence in

the inquiry more immediately before me. The cold was firft produced

by means of ice and fnow with fal ammoniac or fea-falt, to about the

10" of Fahrenheit's thermometer : ice was then mixed with fpirit of

nitre ; but what degree of cold was thus produced I did not examine.

This cold mixture was made in a tub furrounded v/ith woollen cloths,

and covered with the fame, to prevent the effects of the heat of the at-

Httofphere upon the mixture itfelf, and to preferve as much as poffible a
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cold atmofphere within the veflel. Animal juices, as the blood, freeze at

25° ; fo that a piece of dead flefli could be frozen in an atmofphere, cooled

to that point.

EXPERIMENTS.

Experiment I. was made on two carp. Thefe were put into a glafs

veflel with common river water, which was placed in the freezing mix-

ture. The water not freezing fail enough to haften that effed:, as much
cooled fnowwas added as to render the whole thick. The fnow round the

carp melting, we put in more frefli fnow, wliich melting alfo, was repeat-

ed feveral times, till we grew tired, and at laft left them covered up in the

yard to freeze by the joint operation of the furrounding mixture and the

natural cold of the atmofphere. They were frozen at laft, after having

exhaufted the whole powers of life in the production of heat. That this

was really the cafe, could not be known till I had completed that part of

the experiment for which the whole was begun, viz. the thawing of the

animals. It was done very gradually j but the animals did not, with flex-

ibility, recover life 3 and while in this cold, fliewed flgns of great uneafi-

nefs by their violent motions. N.B. In fome of thefe experiments, where

air was made the condud:or of the cold and heat, that the heat might be

more readily carried ofl^ from the animal, a leaden vefl"el was ufed. It

was fmall for the fame reafon ; and as it was neceflTary for the animal's

refpiration that the mouth of the veflel fliould communicate with the

open air, it was made deep, that the cold of the atmofphere round the

animal might not be diminiflied too quickly by the warmth of the open

air, which would have fpoiled it as a condudor.

Experiment II. was upon a dormoufe ; the vefl*el in which it was con-

fined being funk in the cold mixture almoft to its edge. The atmofphere

round the animal foon cooled ^ its breath froze as it came from the mouth

;

an hoar-froft gathered on its whifliers, and on all the inflde of the vefl"el

;

and the external points of the hair became covered with the fame. While

this was going on, the animal fhewed flgns of great uneaflnefs : fometimes
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it would coil itfelf into a round form, to preferve its extremities, and con-

fine its heat ; and finding that ineiFedlual, would then endeavour to make

its efcape*. Its motions became lefs violent by the finking of the vital

powers ; its feet were at laft frozen ; but we were not able to keep up the

cold a fufficient time to freeze the whole animal, the hair being fo bad a

condudlor of heat, that the confumption was not more than the animal

powers were capable of fupporting.+

Experiment III. was made with another dormoufe ; and taught by the

failure of the lafl; experiment, I took care that the hair fhould not a fe-

cond time be an obftruftion to our fuccefs. Having therefore firft made

the animal wet all over, that its heat might be more inflantaneoufly car-

ried off, it was put into a leaden veflel, and the whole placed in the cold

mixture as before. The animal foon gave figns of feeling the cold, by

repeated attempts to make its efcape ; and the breath and water evapora-

ting from its body being foon frozen, appeared like a hoar-froft on the

fides of the veflel, and on its whiflcers ; but while the vigour of life lafted,

it defied the approach of the cold. However, from the hair being wet,

and thereby rendered a good conduftor, there was a much greater con-

fumption of heat than in the former experiment ; which haftened on a

diminution of the power of producing it. The animal dying, foon be-

came fl:iff; and upon being thawed, was found quite dead.

Experiment IV. A toad being put into a veflel with water, at fuch a

depth as not to cover its mouth, was placed in the mixture cooled to be-

tween 10° and i^\ The vv^ater froze fo near to the body of the animal, as

quite to inclofe it, but without defliroying life ; yet though not frozen, it

hardly ever recovered tiie ufe of its limbs.

* This fliows, that cold carried to a great degree rather roufes than deprefles the animal ac-

tion ; but it appears from many circumftances and obfervations, that a certain degree of cold

produces inaftivity both in the living and fenfative principle, which will be further illuftrated

hereafter.

f Thefe experiments were made in prefence of Dr. George Fordyce and Dr. Erwin^

teacher of Chymiitry at Glafgow j the latter of whom came in accidentally in the mLddle.

pf our operations.
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Experiment V. was with a fnail, which froze very foon, in a cold be-

tween io° and 1
3°. Thefe two laft experiments were made in the winter,

when the living powers of the animals feledled for the trial are very weak ;

they might have refifted the cold more ftrongly in the fummer. Why the

animals mentioned in the above experiments died before they were frozen,

while thofe which are expofed to the atmofphere in very cold climates do

not, is a point I fhall not pretend to determine ; not knowing the difference

between the effects of a natural and an artificial cold. It may be account-

ed for, by fuppofing that the natural cold in climates in which animals are

found frozen, is fo intenfe as to produce congelation immediately, before

the powers of life are exhaufted ; at leail whether it is fo or not is worthy

of inquiry.

It appears from the above experiments j firft. That moft probably the

animals were deprived of life before they were frozen : fecondly. That

there was an exertion or expence of animal power in refifling the effedts

of cold, proportioned to the neceffity : thirdly, That this exertion was in

proportion to the perfedion of the animal, and the natural heat proper to

each fpecies, and to each age. This exertion might alfo perhaps depend in

fome degree on other circumftances not hitherto obferved : for from expe-

riment IL and III. upon dormice, I find that in the animals, which are of

a conftitution to retain nearly the fame heat in all temperatures of the air, it

required the greateft cold I could produce to overcome this refifting power ; .

while by experiment IV. and V. on the toad and fnail, whofe natural heat

is not always.the fame, but is altered very materially according to the ex-

ternal heat or cold, this power was exhaufled in a degree of cold not ex-

ceeding io° or 15°: and the fnail being the moft imperfed of the two, its

powers of generating heat appeared to be much the weakeft.

That the imperfedl animals will allow of a confiderable variation in

their temperature of heat and cold, is proved by the following experi-

ments. The thermometor being at 45°, the ball was introduced by the

mouth into the flomach of a frog, which had been expofed to the fame

cold. It rofe to 49°. I then placed the frog in an atmofphere made

warm by heated water, where I allowed it to flay twenty minutes 1 and
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upon introducing the thermometer into the ftomach, it raifed the quick-

filver to 64°. To what degree the more imperfedl animals are capable

of being rendered hotter and colder at one time than another, I have not

yet afcertained ; but the torpidity of thefe animals in our winter is proba-

bly owing to the great change wrought in their temperature by the exter-

nal heat and cold. The cold in their bodies is to fuch a degree, as in a

great meafure to put a ftop, while it lafts, to the vital functions while in

warmer climates no fuch effeft is produced. This variety not only takes

place in animals of different orders ; but in fome degree in the fame ani-

mal at different ages, even according to the different age of the parts in

the fame animal : a young animal requires more warmth than one full

grown; and although an animal is equally old in all its original parts, yet

there are often new ones formed in confequence of difeafes ; and we find,

that thefe new or young parts in animals are not fo able to fupport life as

the old, at leaft for fome time : but as animals are of different ages, and.

the fame animal is always growing older, and of courfe more and more

perfedt, they then become more capable of generating heat than when they

were younger. This, however, has its limitations ; for after a certain pe-

riod they again lofe this power, and therefore require a lefs ffrongly con-

ducting medium, or warm atmofphere.

This power of generating heat, feems to be a property in an animal

while alive. In tlie more perfect animals it is to preferve a flandard heat^

and as they are moil commonly in an atmofphere colder than themfelves,,

they have moft commonly occafion to exert it ; and it is therefore a power

only of oppofition and refiffance -, for it is not found to exert itfelf fpon-

taneoufly and unprovoked ; but muff always be excited by the energy of

fome external frigorific agent, or difeafe
;
yet it is natural to fuch animals

that this power fhould be called forth ; as will be obferved by and by.

It does not depend on the motion of the blood, as fome have fuppofed,,

becaufe it likewife belongs to animals who have no circulation : and the

nofe of a dog, which is always nearly of the fame heat in all temperatures,

of the air, is well fupplied with blood ; although we muff allow where

this power is greateft,. the circulation is the quickeft : neither caa it be
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faid to depend upon the nervous fyftem ; for it is found in animals that have

no brain or nerves. However, it mull: be allov^^ed, that all that clafs who
polTefs this power in the highefl degree, have the largeft brain, although

this power is not in the leafl in proportion to the quantity of brain in

that clafs. It is moft probable that it arifes from fome other principle ; a

principle fo connedled with life, that it can, and does, ad: independently

of circulation, fenfation, and volition j and is that power which preferves

and regulates the internal machine. This power of generating heat, is in

the higheft perfedion when the body is in health ; and in many deviations

from that ftate, we find that its adtion is extremely uncertain and irregu-

lar ; fometimes rifing higher than the ftandard, and at other times falling

much below it. Inftances of this we have in different difeafes, and even

in the fame difeafe, within very ihort intervals of time. A very remark-

able one fell under my own obfervation, in a gentleman who was feized

with an apopleftic fit j and while he lay infenfible in bed, covered with

blankets, I found that his whole body would, in an inftant, become ex-

tremely cold in every part, continuing fo for fome time ; and, as fud-

denly, would become extremely hot. While this was going on alternate-

ly, there was no fenfible alteration in his pulfe for feveral hours.

Being fatisfied of the foregoing fail, that animals had a power of ge-

nerating heat, I purfued the fubjed: ftill further ; not fo much with a view

to account for animal heat, as to obferve the different phenomena, with

the variations or difference in the heat in different animals. In the courfe

of my experiments having found variations in the degree of heat and cold

in the fame experiment, for which I could not account, I fufpeded that

this might arife from fome imperfedion in the conftrudion of the ther-

mometer. I mentioned to Mr. Ramfden my objedions to the common
conftrudion of that inftrument, and my ideas of one more perfed in its

nature, and better adapted to the experiments in which I was engaged.

He accordingly made me fome very fmall thermometers, fix or feven in-

ches long, not above two-twelfths of an inch thick in the ftem ; having

the external diameter of the ball very little larger than that of the ftem,

on which w/'a.s marked the freezing point. The ftem was embraced by
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a fmall ivory fcale fo as to Hide upon it eafily, and retain any poiition.

Upon the hollow furface of this fcale were marked the degrees which

were feen through the ftem. By thefe means the fize of the thermome-

ter was very much reduced, and it could be applied to foft bodies with

much more eafe and certainty, and in many cales in which the former

ones could not be conveniently ufed ; I therefore repeated -vvith it fuch of

my former experiments as had not at lirft proved fatisfacftory, and found

the degrees of heat very different, not only from what I had expelled,

but alfo from what I had found by my former experiments with thermo-

meters of the common conftruftion.

I have obferved above, and find it fupported by every experiment I

have made on the heat and cold of animals, that the more perfect have

the greater power of retaining a certain degree of heat, which may be

called their ftandard heat, and allow of much lefs variation than the toore

imperfeft animals : however, it will appear from the three experiments

which I am now going to relate, that many, if not all of the more per-

fedt, are ftiil incapable of keeping conftantly to one degree ; but m.ay be

altered from their ftandard heat, either by external applications, or dif-

eafe. Thefe variations are much greater below that ftandard than above

it ; the perfed: animals having a greater power of refifting heat than cold,

fo that they are commonly near their ultimate heat. Indeed we do not

want any other proof of a variation than our own feelings ^ being all

fenfible of heat and of cold, which fenfations could not be produced

without an alteration really taking place in the parts afiedled ; and that

alteration could not take place if they did not become adually warmer or

colder. I have often cooled my hands to fuch a degree, that I could

warm them by immerfing them in water jufl pumped; therefore my
hands were really colder than the pump-water.

An increafe of abfolute heat mufl alter the texture or pofiiion of the

parts, fo as to produce the fenfation which we call heat : and as that heat

is diminifhed, the texture or pofition of the parts is altered in a contrary

way ; and, when carried to a certain degree, becom.es the caufe of the

fenfation of cold. Now thefe eflefts could not take place in either cafe

without an increafe or decreafe of abfolute heat in the part ; heat there-

P
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fore in fome one of its different degrees muft be prefent. I fhall not in

this place attempt to fettle whether heat is a body or matter, or only a pro-

perty of matter ; which appears to me to be merely a difference in terms ;

for a property muff belong to fomething. When heat is applied to the

furface of the body, the fkin becomes in fome degree heated according

to the application ; which may be carried fo far as adlually to burn

the living parts : on the contrary, in a cold atmofphere, a man's hand

may become fo cold as to lofe that fenfation altogether, and change it for

pain. Abfolute heat and cold may be carried fo far as even to alter

the ftrudure of the parts upon which the aftions of life depend.

As animals being fubjeft to variations in the degrees of heat and

cold from external applications, are of courfe, in this refpeft, affedted

in fome meafure like inanimate matter : and therefore, as parts are elon-

gated or recede from the common mafs, thefe effedls more readily take

place : for inftance, all projecting parts and extremities, more efpecially

toes, fingers, nofes, ears, combs of fowls, particularly of the cock, are

more readily cooled, and are therefore moft fubjeft to be affecfted by cold.

Animals are not only fubjedl to an increafe and decreafe of heat, fimi-

lar to inanimate matter j but the tranfition from one to the other (as

far as they admit of it) is nearly as quick. I fhall not however confine

myfelf to fenfation alone, as that is in fome degree regulated by habit

:

for a habit of uniformity in the application of heat and cold to an ani-

rnal body, renders it more fenfible of the fmallefl variation in either

;

while by the habit of variety it will become, in a proportional degree,

lefs fufceptible of all fuch fenfations. This is proved every day, in cold

weather, by people who are accuflomed to clothe themfelves warm. In

them the leafl expofure to cold air, although the effcQ. produced in the

fkin is perhaps not the hundredth part of a degree, immediately gives the

fenfation of cold, even through the thickeft covering : thofe, on the con-

trary, who have been ufed to go thinly clothed, can bear the variation of

fome degrees without being fenfible of it : of this the hands and feet af-

ford an inftance in point : exciting the fenfation of cold when applied to

another part of the body, without having before given to the mind an

impreffion of cold exifting in thefe parts themfelves. The projedling
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parts and the extremities are thofe which admit of* the greateft change in

their degrees of heat and cold, without materially afFeding the animal, or

even its fenfations. I find that by heat or cold externally applied to

fuch parts, the thermometer may be made to rife or fall ; but not in an

equal proportion as when applied to inanimate matter. Nor are the liv-

ing parts cooled or heated in the fame proportion, as appears from the

application of the thermometer to the fkin ; for the cuticle is to be con-

fidered as a dead covering, capable of receiving greater degrees of heat

and cold than the living parts underneath ; and as it might be fufpeded

that the whole of the variation was in this covering, to remove any fuch

doubt I made the following experiments.

Experiment I. I placed the ball of the thermometer under my tongue,

where it was perfeftly covered by all the furrounding parts ; and having

kept it there for fome minutes, I found that it rofe to 97° ; yet it rofe no

higher by being continued there. I then took feveral pieces of ice, about

the fize of walnuts, and put them in the fame fituation, allowing them

only to melt in part, that the application of cold might be better kept

up, occafionally fpitting out the water arifing from the folution. Having

continued this for ten minutes, I found, on introducing my thermometer,

that it fell to yy° ; fo that the mouth at this part had loft 20° of heat.

The thermometer gradually rofe to 97° again ; but did not in this experi-

ment fink fo low as it would have done in the hand, if a piece of ice had

been held in it for the fame length of time. Perhaps the furface under

the tongue being furrounded with warm parts, renders it next to an im-

pofiibility to cool it below that degree : but I rather fufped: that fuch

parts as the hand will allow of greater latitude in this refpecfl, from hav-

ing infenfibly acquired the habit of varying the degree of cold, and be-

coming of courfe lefs fufceptible of its imprefllons, and therefore lefs

eafily excited.

As a further proof, that the more perfect animals are capable of vary-

ing their heat, in fome meafure, according to the external heat applied,

I fhall adduce the following experiments made on the human fubjedt.

The mouth being a part fo frequently in contad with the external
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a-tmcfphcre in the aflion of breathing, whatever is put into it may be

fuppofed to be influenced by that atmofphere ; this will always render an

experiment made in that part, relative to heat and cold, fomewhat uncer-

tain. I imagined that the urethra would aniVer better, becaufe being an

internal cavity it can only be influenced by heat and cold applied to the

external (Ida of the parts. I imagined alfo, that whatever efled:s the ap-

plication of heat and cold might have, they would fooner take place ia

the urethra, as being a projefting part, than in any other part of the body ;

and therefore if living animal fubftance was in any degree fubjedl to the

common laws of matter in this refpedt, the urethra would be readily af-

fedied : to determine this I procured a perfon who allowed me to make

fuch experiments as I thought neceffary.

. -Experiment II. I introduced the ball of my thermometer into the

urethra about an inch ; which- having remained there about a minute, the

quickfilver rofe to 92° : at two inches it rofe to 93° j at four inches to

94° ; and when the ball had got as far as the bulb of the urethra, where

it was furrounded by warm parts, the quicklilver rofe to 97°.

Experiment III. Thefe parts being immerfcd for one minute in water,

heated only to 65°, and the thermometer introduced about an inch and a

half into the urethra, the quicklilver rofe to 79° ; which was repeated fe-

veral times with the fame refult. To difcover if there were any dilFerence

in the quicknefs of the tranfition of heat and cold in living and dead parts,

and to determine if the extent to which each would go, were likewife

different, I procured a dead penis for the purpofe of making the compa-

rative experiments that follow j being clearly of opinion that all fuch trials

ihould be as fimilar as pofTible, except in thofe points where the difference

(if there is any) makes the effential part of the experiment.

Experiment IV. The heat of the penis of a living perfon, an inch

and a half within the urethra, being found exadlly 92°; and the dead

one being heated to the fame degree, I had both immerfed in the fame

velTel, with the water at 50% when by introducing the thermometers fe-

veral different times, I was able to note the comparative quicknefs with

which they cooled from 92% and obferved that the dead cooled fooner



ON ANIMALS PRODUCING HEAT. 1 09

by two or three minutes; the living funk the quickfilver to 58°, and the

dead to 50°: the thermometer, although continued there fome time longer,

fell no lower. I repeated this experiment feveral times, with the fame

refult ; although at one time there was a fmall difFerence in the degrees

of heat of the penis and alfo of the water ; but the difFerence in the

refult was nearly proportional in all the three different trials, therefore

the fame conclufions may be drawn from them. In thefe laft experi-

ments very little difference was obferved between the cooling of a dead and

of a living part ; a circumilance which we cannot fuppofe to take place

uniformly through the whole body ; as in that cafe, living animals would

always be of the f^me degree of heat with the atmofphere in which they

live. The fubjed: of thefe experiments not chooiing to have the part

cooled lower than 53" or 54°, prevented my obferving if the powers of

generating heat vv'ere exerted to a greater degree when the heat was

brought fo low as to threaten deftruftion ; but by fome experiments on

mice, which will be related hereafter, it will appear that the animal

powers are roufed to exert themfelves in this refped; when neceflary.

Having found, from the above experiments, that parts of an animal

were capable of being cooled below the common or natural heat ; I

proceeded to make others, v\^ith a view to afcertain if the fame parts were

capable of being made much hotter than the ftandard heat of animals.

The experiments were made in the fame manner as the former, only the

water was now hotter than the natural heat of the animal.

Experiment V. The natural heat of the parts being ^2% they were

immerfed for two minutes in water heated to 1 1 3°, and the thermometer

being introduced as before, the quickfilver rofe to 100° and a half. This

experiment I alfo repeated feveral times, but could not raife the heat of

the penis beyond 100° and a half: this was probably owing to the per-

fon not being able,at the time to bear the application of water warmer

than 113° By way of comparifon, I made

Experiment VI. The living and dead parts being both immerled in

water, gradually made warmer and warmer from 100° to 118°, and con-

tinued in that heat for fome minutes, the dead part raifed the thermo-
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meter to 1 14°, while the living raifed it no higher than 102° and a quar-

ter. It was obferved, by the perfon on whom the experiment was made,

that after the parts had been in the water about a minute, the water did

not feel hot ; but on its being agitated it felt fo hot that he could hardly

bear it. Upon applying the thermometer to the fides of the living glans,

the quickfilver immediately fell from 118° to about 104% while it did

not fall more than a degree when put clofe to the dead ; fo that the living

glans cooled the furrounding water to a certain diftance.*

Experiment VII. The heat of the reftum in the fame man was gS*

and a half exactly.

In the fecond, third, fourth, fifth, and fixth experiments, an internal

cavity, which is both very vafcular and fenfible, was evidently influenced

by external heat and cold, though only applied to the Ikin of the part

;

while, in the feventh experiment, another part of the fame body, where

external heat and cold could make little or no impreflion, was of the

ftandard heat. Although it will appear from experiment, that the reftum

is not the warmell part of an animal ; yet, in order to determine how far

the heat could be increafed by ftimulating the confiiitution to a degree

fufficient to quicken the pulfe, I repeated the feventh experiment after

the man had eaten a hearty fupper and drank a bottle of wine, which in-

creafed the pulfe from 73° to 87% and yet the thermometer only rofe to

98° and a half.

Having formerly made experiments upon dormice during the fleeping

feafon, with a view to fee if there were any alteration in the animal oeco-

nomy at that time, I found among my notes an account of fome which

appear to our prefent purpofe : but to be more certain of the accuracy of

the former experiments, I repeated them with my new thermometer.

* This might furnifh an uYeful hint refpeiSing bathing in water, whether colder or warmer

than'the heat of the body : for if intended to be either colder or hotter, it will foon be of the

fame temperature with that of the body ; therefore in a large bath, the patient fhould move

from place to place ; and in a finall one, there fliould be a conftant fucceflion of water of the '

intended heat.
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Experiment VIII. In a room, in which the temperature of the air

was between 50° and 60'', a fmall opening was made in the belly of a

dormoufe, of a fufEcient fize to admit the ball of my thermometer, which

being introduced into the belly at about the middle of that cavity, rofe to

80°, and no higher.

Experiment IX. The moufe was put into a cold atmofphere of 15°

above o, and left there for fifteen minutes ; after which the thermometer

being introduced a fecond time, it rofe to 85".

Experiment X. The moufe was again put into a cold atmolphere

for fifteen minutes ; and the thermometer being introduced, the quick-

filver at firft rofe to 72° only, but gradually came up to 83'', 84°, and

85°.

Experiment XI. It was put a third time into the cold atmofphere,

and allowed to flay there for thirty minutes ; the lower part of the moufe

at the bottom of the diih, was almoft frozen ; the whole of the animal

was numbed, and a good deal weakened. The thermometer being intro-

duced, the heat was found to vary in different parts of the belly ; in the

pelvis, near the parts moft expofed to the cold, it was as low as 62°
j

in the middle, among the inteftines, about 70° j but near the diaphragm

it rofe to 80°, 82°, 84°, and 85° ; fo that in the middle of the body the

heat had decreafed 10°. Finding a variation in different parts of the fame

cavity in the fame animal, I repeated the fame experiments upon another

dormoufe.

Experiment XII. Having brought a healthy dormoufe, which had

been afleep from the coldnefs of the atmofphere, into a room in which

there was a fire (the atmofphere at 64*^); I introduced the thermometer

into its belly, nearly at the middle, between the thorax and pubis, and

the quickfilver rofe to 74° or y^'^ ; turning the ball towards the dia-

phragm, it rofe to 80° ; and when I applied it to the liver, it rofe to 81 °

and a half.

Experiment XIII. The moufe being placed in an atmofphere at 20°,

and left there half an hour j when taken out was very lively, even much

more fo than when put in. Introducing the thermometer into the lower
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part of the belly, the quickfilver rofe to gi° ; and upon turning it up to

the liver, to 93".

Experiment XIV. The animal being replaced in the cold atmof-

phere at 30^"*, for an hour, the thermometer was again introduced into

the belly ; at the liver it rofe to 93° ; in the pelvis to 92^ ; the moufe

continuing very lively.

Experiment XV. It v^as again put back into an atmofphere, cooled to

1
9°, and left there an hour ; the thermometer at the diaphragm was 87° j

in the pelvis 83° ; but the animal was now lefs lively.

Experiment XVI. Having been put into its cage, the thermometer

being placed at the diaphragm, in two hours afterwards, was at 93°.

As I was unable to procure hedge-hogs in the torpid ftate, to afcertain

their heat during that period, I got my friend, Mr. Jenner, furgeon, at

Berkley, to make the fame experiments on that animal, that I might

compare them with thofe in the dormoufe ; and his account is as follow :

" Experiment I. In the winter the atmofphere at 44°, the heat of a

torpid hedge-hog, in the pelvis, was 45°, and at the diaphragm 48° and

a half.

Experiment II. The atmofphere 26°, the heat of a torpid hedge-hog,

in the cavity of the abdomen, was reduced fo low as 30°.

Experiment III. The fame hedge-hog was expofed to the cold atmof-

phere of 26° for two days ; and the heat of the recftum was found to be

93° ; the wound in the abdomen being now fo fmall that it would not

admit the thermometer.

A comparative experiment was made with a puppy, the atmofphere at

50°; the heat in the pelvis, as alfo at the diaphragm, was 102°.

In fummer, the atmofphere at 78% the heat of the hedge-hog, in an

adtive ftate, in the cavity of the abdomen, towards the pelvis, was 95° i

at the diaphragm 97°."

We find from thefe experiments, that the heat of an animal is increafed

under the circumftances of cold, whenever there are adlions to be carried

on for which heat is necelfary.

In the experiments on the firfi: dormoufe, the heat of the animal was
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80° j which Is below the ftandard heat of the aifirlons of that animal

;

and after being put into the cold mixture, its heat was raifed to 85°. In

the fecond dormoufe the heat was raifed, by repeated experiments, from

7^° *^° 9Z° • This queflion naturally occurs here; Was the increafe of

heat in the animals generated to refifl the artificial cold, produced by

placing them in a cold atmofphere ? Or was it owing to a wound having

been made into the cavity of the abdomen, and an exertion of the animal

powers being required to repair the injury j which exertion could not take

place without the increafed degree of heat ? That it was in confequence

of the wound, appears evident from the experiment made upon the fecond

hedge-hog ; for in an atmofphere of 26° of heat, it was in a very torpid

ftate, and did not raife the thermometer higher than 30° ; but after be-

ing wounded and put back into the cold, and kept there for two days, its

heat in the redlum was 93° ; and fo far from being torpid, it was lively,

and the bed in which it lay felt warm*.

Why the heat of the dormoufe fhould be fo low as 80°, in' an atmof-

phere of between 50° and 60'^, is not eafily accounted for, except as the

effedl of Heep. But I fliould very much fufpeft, that lleep, fimply con-

fidered, is out of the queflion ; it being an effedl that takes place in all

degrees of heat and cold. In animals whofe voluntary adlions are fuf-

pended by cold, that appears to produce its effed: by afting in a certain

degree as a fedative, in confequence of which the animal faculties are

proportionably weakened, though they flill retain, even under fuch cir-

cumftances, the power of carrying on all the functions of life. Beyond

this point cold feems to adt as a ftimulant, and roufes the animal powers

to aftion for felf-prefervation. It is more than probable, that moft ani-

mals are in this predicament j and that there is a degree of cold, corref-

ponding with every particular order of animals, by which, when app lied,

the voluntary aftions muft be fufpended.

* It is found from experiments, that the heat of an inflamed part is fiearly the greateft

or flandard heat of the animal ; it appearing to be a part of the procefs of inflammation t©

^alie the heat up to the fcandard.
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When a man is afleep, he is colder than when awake ; and I find, ia

general, that the difference is about one degree and a half, fonietimes lefs.

But this difference in the degree of cold between fleeping and waking, is

not a caufe of fleep, but an effe£l ; for many difeafes produce a much
greater degree of cold in the animal, without giving the leafl tendency

to fleep J therefore the inadlivity of animals from cold, muft be different

from fleep. Befides, all the. operations of perfect life, as digeflion, fenfa-

tion, &c. are going on in the time of natural fleep, at leaff in the perfect

animals ; but none of thefe operations are performed in the torpid ftate

of animals.

To fee if the refult of thefe experiments upon dormice was peculiar to

that fpecies, I wifhed to repeat the fame experiments upon common
mice; for which purpofe, in

Experiment XVII, I made ufe of one ftrong and vigorous ; and the

atmofphere being at 60", I introduced the thermometer into the abdomen;

the ball being at the diaphragm, the quickfilver was raifed to 99"; but at

the pelvis only to 96° and three quarters.

Here there was a real difference of about 9° between the dormoufe

and the common, the dormoufe only raifing it to 80", in two animals of

the fame flze, in fome degree of the fame genus, and at the fame feafon

of the year, and the atmolphere of nearly the fame temperature.

Experiment XVIII. The fame moufe was put into a cold atmofphere

of 13°, for an hour, and then the thermometer was introduced as before;

but the animal had loft heat, for the quickfilver at the diaphragm was

raifed only to 83", in the pelvis to 78°.

Here the real heat of the animal was diminifhed 16° at the diaphragm,

and 1
8° in the pelvis, while in the dormoufe it gained five degrees, but

loft upon a repetition.

Experiment XIX. In order to determine whether an animal that is

weakened has the fame powers, with refpeft to preferving heat and cold,

as one that is vigorous and ftrong, I weakened a moufe by fafting, and

then introduced the ball of the thermometer into its belly; the ball being

at the diaphragm, the quickfilver rofe to 97°; in the pelvis to 95°, being
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two degrees colder than the ftrong moufe : the moufe being put into an

atmofphere as cold as the other, and the thermometer again introduced,

the quickfilver flood at 79° at the diaphragm, and at 74° in the pelvis.

In this experiment the heat at the diaphragm was diminifhed 18", in

the pelvis 21°.

This greater diminution of heat in the fecond, than in the firfl, we may

fuppofe proportional to the decreafed power of the animal, arifuig from

want of food.

To determine how far different parts of other animals than thofe al-

ready mentioned, were of different degrees of heat, I made the following

experiments upon a healthy dog.

Experiment XX. The ball of the thermometer being introduced two

inches within the re6lum, the quickfilver rofe to 100" and a half. The

cheft of the dog was then opened, and a wound made into the right ven-

tricle of the heart ; and immediately on the ball being introduced, the

quickfilver rofe to 101^ exaftly. A wound was next made fome way

into the fubflance of the liver ; and the ball being introduced, the quick-

filver rofe to 100° and three quarters. It was next introduced into the

cavity of the flomach, where it flood exadily at ioi°- All thefe experi-

ments were made within a few minutes.

Experiment XXI. The thermometer was introduced into the reftum

of an ox, and the quickfilver rofe exadlly to 99' and a half.

Experiment XXII. This was alfo repeated upon a rabbit, and the

quickfilver rofe to 99" and a half.

From experiments on mice, and upon the dog, it plainly appears, that

every part of an animal is not of the fame degree of heat ; and hence we

may reafonably infer, that the heat of the vital parts of man is greater

than either the mouth, reftum, or the urethra.

To determine how far my idea was jufh, that the heat of animals varied

in proportion to their degree of perfed;ion, I made the following experi-

ments upon fowls, which I confidered as one remove below what are

commonly called quadrupeds.

Experiment XXIII. I introduced the ball of the thermometer fuc-
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cefiively into the inteflinum red:um of feveral hens, and found that the

quickfilver rofe as high as 103", 103° and a half; and in one of them to

104".

Experiment XXIV. I made the fame experiments on feveral cocks,

and the relult was the fame.

Experiment XXV. To determine if the heat of the hen was increafed

when ihe was prepared for incubation, I repeated the twenty-third expe-

riment upon feveral fitting or clucking hens ; in one the quickfilver rofe

t<3 104°; in the other to 103° and a half; 103°, as in the twenty-third

experiment.

Experiment XXVI. I placed the ball of the thermometer under the

fame hen, in whofe redlum the quickfilver was raifed to 104°, and found

the heat as great as in the redum.

Experiment XXVII. Having taken fome of the eggs from under the

fame hen, where the chick was about three parts formed, I broke a hole

in the (hell, and introducing the ball of the thermometer, found that the

quickfilver rofe to 99° and a half. In fome that were addled, I found

the heat not fo high by two degrees ; fo that the life in the living Qgg

affifted in fome degree to fupport its own heat.

Is the increafe of three or four degrees of heat, which is the difference

found between the fowl and the quadruped, for the purpofe of incuba-

tion ? The heat in the eggs, which was caufed and fupported by that of

the fowls, was not above the ftandard of the quadrupeds ; and it would

probably have been lefs, if the heat of the hen had not been fo great.

Finding from the above experiments, that fowls were fome degrees

warmer than that clafs commonly called quadrupeds (although certainly

lefs perfect animals) I chofe to continue the experiments upon the fame

principle ; and made the following upon thofe of a ftill inferior order.

The next remove from the fowl being what is commonly called the am-

phibious.

Experiment XXVIII. I introduced the thermometer into the flomach,

and afterwards into the anus of a healthy viper, and the quickfilver rofe

from 58° (the heat of the atmofphere in which it was) to 68°; fo that it

was ten degrees warmer than the common atmoiphere.
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Experiment XXIX. Having afcertained the heat of the water in a

pond, in which there were carp, to be 65° and a half, I took a carp out

of this water, and having introduced the thermometer into its flomach,

the quickfilver rofe to 6(f; io that the difference between the water and

the filh was only three degrees and a half.

Experiment XXX, The heat of the atmofphere at 56°, fome earth-

worms were put into a glafs vefTel, and a thermometer being immerfed

among them, the quickfilver flood at 58° and a half.

This experiment was repeated, the atmofphere at 55°, and the worms

were found to be ^j°

.

* •'
-.

Experiment XXXI. The atmofphere at 54°, four black flugs were

put into a fmall veflel, and a thermometer immerfed among them, flood

at 55° and a quarter.

Experiment XXXII. The atmofphere at 56°, three leaches were put

into a fmall glafs veffel, and a thermometer immerfed among them, flood

at 57^
This experiment was repeated, the atmofphere at 54°, when the ther-

mometer flood at 55" and a half.

To fee how far the colder animals had a power of preferving their

ftandard heat, when expofed to fevere cold, I made the following expe-

riments.

Experiment XXXIII. A viper, v/hofe heat was 68*', was put into a
'

pan, and the pan into a cold mixture of about 10°; after remaining there

about ten minutes, had its heat reduced to 37°. Being allowed to flay

ten minutes longer, the mixture at 13°, its heat was reduced to 35°. It

was continued ten minutes more in the mixture at 20°, and its heat was

reduced to 31°, nor did it fink lower j its tail beginning to freeze; and

the animal now becoming very weak. It may be remarked, that it cooled

much flower than many of the animals mentioned in the following ex-

periments.

The frog being, in its flrudlure, more fimilar to the viper than to either

the fowl or fifh, I made the following experiments on that animal.

Experiment XXXIV. I introduced the ball of the thermometer into
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its ftomach, and the quickfilver ftood at 440. I then put the frog into a

cold mixture, and the quickfilver funk to 31°; the animal appeared almoft

dead, but recovered very foon : beyond this point it vi^as not poffible to

lefTen the heat, without deftroying the animal. But its decreafe of heat

was quicker than in the viper, although the mixture was nearly the fame.

The next experiments were made on fiflies.

Experiment XXXV. In an eel, the heat in the llomach, which at

iirft was at 37°, funk, after it had been fome time in the cold mixture,

to 31*', The animal at that time appeared dead, but was found to be

alive the next day.

Experiment XXXVI. In a fnail, whofe heat was at 44°, it funk,

after it had been put into the cold mixture, to 31", and then the animal

froze.

Experiment XXXVII. Several leaches having been put into a bottle,

and the bottle immerfed in the cold mixture, the ball of the thermometer

being placed in the middle of them, the quickfilver funk to 31''; and by

continuing the immerfion for a fufficient time to deflroy life, the quick-

fdver rofe to 32°, and then the leaches froze. In all thefe experiments,

the animals when thawed were found dead.

Finding that animals of the imperfedl claffes will, without life being

totally extinguifhed, admit of their heat being reduced to that point at

which the dead folids and fluids freeze j but if funk much below that,

death muft be the confequence; I wiflied therefore to be able to determine

to what degree the heat of the animal could be raifed.

Experiment XXXVIII. A healthy viper was placed in an atmofphere

heated to 108", and allowed to flay feven minutes ; when the heat of the

animal, in the ftomach and anus, was found to be 92*^ and a half; beyond

which it could not be raifed in the above ftate of the atmofphere. The
fame experiment was made upon frogs, with nearly the fame refult.

Experiment XXXIX. An eel, very weak, its heat at 44'', which was

nearly that of the atmofphere, was put into water heated to 65°, for fif-

teen minutes ; and, upon examination, it was found of the fame degree

of heat with the water.
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Experiment XL. A tench, whofe heat was 41'', was put into water

at 65°; and left there ten minutes ; the ball of the thermometer being

introduced both into the ftomach and recftum, the quickfilver rofe to ^^°.

Thefe experiments were repeated with nearly the fame refult.

To determine whether life had any power of refifting heat and cold in

inferior claffes of animals, I made comparative trials between living and

dead ones.

Experiment XLI. I took a living and a dead tench, and a living and

a dead eel, and put them into warm water; they all received heat equally

faft ; and when they were expofed to cold, both the living and the dead

admitted the cold likewife with equal quicknefs.

I had long fufpedted, that the principle of life was not wholly confined

to animals, or animal fubfiance endowed with vifible organization and

fpontaneous motion ; but fuppofed, that the fame principle might exift

in animal fubftances, devoid of apparent organization and motion, when

the power of prefervation was fimply required.

I was led to this opinion about twenty years ago, when bufied in mak-

ing drawings of the growth of the chick in the procefs of incubation. I

then obferved, that whenever an egg was hatched, the yolk (which is not

diminiilied in the time of incubation) was always perfectly fweet to the

very laft ; and that the part of the albumen, which has not been expend-

ed on the growth of the animal, fome days before hatching, was alfo

perfedly fweet, although both were kept in a heat of 103° in the hen's

egg for three weeks, and in the duck's for four ; but I obferved, that

if an egg was not hatched, that egg became putrid in nearly the fame

time with any other dead animal matter.

To determine from other tefts how far eggs polTefTed a living princi-

ple, I made the following experiments.

Experiment XLII. After having placed an egg in a cold about o, till

it froze, I allowed it to thaw j by which procefs it v/as to be fuppofed the

preferving powers of the egg muft be defbroyed. I then put this egg into

the cold mixture, and with it one newly laid, and found the difference in
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freezing was {cvtn minutes and a half, the frefh one, fo much longer

time refifting the powers of cold.

Experiment XLIII. A new laid egg being put into a cold atmofphere,

fluftuating between 17'' and 15°, took above half an hour to freeze ; but

when thawed and put into an atmofphere at 25", it froze in half the

time. This experiment was repeated frequently with nearly the fame re-

fult.

To afcertain the comparative degree of heat between a living and a

dead egg, and alfo to determine whether a living egg be fubjed: to the

fame laws with the more imperfect animals, I made the following experi-

ments.

Experiment XLIV. A frefli egg, and one which had been frozen and

thawed, were put into the cold mixture at 15"; the thawed one foon

came to 32°, and began to fwell and congeal ; the frelh one funk to

29° and a half, and in twenty-five minutes later than the dead one, it rofe

to 32, and began to fwell and freeze.

In this experiment, the effedl on the frefli egg was fimilar to that pro-

duced on the frog, eel, fnail, &c. where life allowing the heat to be

diminiflied two or three degrees below the freezing point, afterwards refifl-

ed all further decreafe j but the powers of life being expended by this ex-

ertion, the parts froze like any other dead animal matter.

From thefe experiments it appears, that a frefli egg has the power

of refifliing heat, cold, and putrefadtion, in a degree equal to many of the

more imperfedl animals ; and it is more than probable, this power arifes

from the fame principle in both.

From the circumfl;ance of thofe imperfedl animals (upon which I made
my experiments) varying their heat fo readily, we may conclude, that

heat is not fo very eflential to life in them as in the more perfeft ; al-

though it be efl!ential to many of the operations, or what may be called

the fecondary adtions of life, fuch as digefl:ing food*, and propagating

the fpecies, both which, efpecially the lafl:, requiring the greateft powers

* How far this idea holds good with fifties, I am not certain.
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an animal can exert. The animals which we call imperfedr being

chiefly employed in the a6t of digeftion, we may fuppofe their degree of

heat to be only what that adion requires ; it not being eflentially necef-

fary for the life of the animal that heat Ihould ever rife fo high in them

jas to call forth the powers necelTary for the propagation of the fpecies.*

Whenever therefore thefe imperfecft animals are expofed to a cold fo great

as to weaken their powers, and difable them from performing the firil of

thefe fecondary adlions, they in fome meafure ceafe to be voluntary agents,

and remain in a torpid flate during that extreme degree of cold which al-

ways occurs during fome part of the winter in the countries they inhabit

;

and the food of fuch animals not being in general produced in the cold

feafon, is a reafon why this torpidity becomes in fome meafure necelTary,

From the heat of fuch animals finking to the freezing point, or even

lower, and then becoming ftationary ; and the animal not being able to

fupport life in a much greater degree of cold for any length of time, we

fee a reafon why they fhould always endeavour to procure places of abode

in the winter where the cold feldom finks to that point. We find toads

burrowing, frogs living under large Hones, fnails feeking fhelter under

ftones and in holes, and fifhes having recourfe to deep water ; the heat of

all thofe places being generally above the freezing point even in our hard-

* The hedge-hog may be called a truly torpid animal ; and we find that its a£tual heat is

diminifhed when the aftions are not vigorous. From a general review of this whole fubjedt

it would appear, that a certain degree of heat in the animal is neceflary for its various cecono-

mical operations, among which is digeftion ; and that neceflary heat will be according to the

nature of the animal, and, probably, the nature of the operations to be performed. A frog

will digeft food when its heat is at 60", but not when at 35° or 40"; and it is very probable

that, when the heat of the bear, hedge-hog, dormoufe, bat, &c. is reduced to 70°, 7^*^, or

80'', they lofe their power of digeftion ; or rather that the body, in fuch a degree of cold, has

no call upon the ftomach. That animals, in a certain degree of heat, muft always have food,

is further iUuftrated by the inftance of bees. The conftruftion of a bee is very fimilar to a

fly, a wafp, &c. A fly and a wafp can allow their heat to diminifh, as in the fifla, fnake, &c.

without lofing life, but a bee cannot ; therefore a bee is obliged to keep up its heat as high as

what we call its digeftive heat, but not its propagating; for which purpofe they provide

againft fuch cold as would deprive them even of their digeftive heat, if they had not food to

preferve it.
,

R
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eft frofts ; which are however fometimes fo fevere, as to kill many whofe

habitations are not well chofen.

When the froft is more intenfe and of longer ftanding than common,

or in countries where the winters are always fevere, there is generally

fnow on the ground, and the water freezes : the advantage arifing from

thefe two circumftances is great ; the fnow ferving as a blanket to the

earth, and the ice to the water*.

As all the experiments I ever made upon the freezing of animals,

(with a view to fee if it were poflible to reftore the aftions of life when

thawed) were tried upon whole ones ; as I never faw life return by thaw-

ing"^, and wiflied to fee how far parts were fimilar to the whole in this re-

fpetft; it being afferted, and with fome authority, that parts of a man may

be frozen, and afterwards recover, I made, for this purpofe, the follow-

ing experiments upon an animal of the fame order as ourfelves.

In January 1777, I mixed fait and ice till the cold was about o ; in

the fide of the veffel was a hole, through which I introduced the ear of

* Snow and ice are perhaps the worft conduftors of heat of any fubftance yet known. In

the firrt place, they never allow their own heat to rife above the freezing point, fo that no heat

can pafs through ice or fnow when at 32°, by which means they become an abfolute barrier

to all heat that is at or above that degree ; hence the heat of the earth, or whatever fubftance

they cover, is retained : but they are conduftors of heat below 32*^. Perhaps that power de-

creafes in proportion as the heat decreafes under that point.

In the winter 1776, a frofl- coming on, the furface of the ground was frozen ; but a confi-

derable fall of fnow fell, and continued feveral weeks : the heat of the atmofphere, during the

time, was often at 15"; but fo little did the froft afFeft the ground underneath, that the fur-

face of the ground thawed, and the earth retained the heat of 34*^, in which beans and peas

will grow.

The fame thing took place in a pond where the water was frozen on the furface to a Con-

fiddrable thicknefs ; a large quantity of fnow having fallen, and covered the ice, the heat of

the -water was preferved ; the ice thawed, and the fnow, at its under furface, was found mixed

with the water.

The heat of the water under the fnow was at 35°, In which filhes lived very well.

It would be an attempt worthy the attention of the philofopher, to inveftigate the caufe of

the heat of the earth, upon what principle it is preferved, &c.

t Vide Phil. Tranf. for the year 1775, vol. LXV, part IT, p. 446.
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a rabbit; and to carry off the heat as faft as poffible, it was held between two

flat pieces of iron that went further into the mixture. That part of the

ear projecting into the veffel became ftiff, and when cut did not bleed ; the

part divided by the fciffars flying from between the blades like a hard

chip.

The ear having remained in the mixture nearly an hour, foon thawed

when taken out, began to bleed, and became fo very flaccid, as to double

upon itfelf, from lofing its natural elafticity. When out of the mixture

nearly an hour, it became warm, and this warmth increafing to a confl-

derable degree, it alfo began to thicken, in confequence of inflammation

^

while the other ear continued in its ufual degree of cold. The day fol-

lowing the frozen ear was ftill warm j and even two days after retained

its heat and thicknefs, which continued for many days after.

About a week after this, the mixture being the fame as in the for-

mer experiment, I introduced the ears of the fame rabbit through the ,

hole, and froze them both : the found one however froze firll, probably

from its being confiderably colder at the beginning. When withdrawn

they foon thawed, both foon became warm, and tlae frefh ear thickened as

the other had done before.

Such a change in the parts does not always take place fo quickly ; for

on repeating the experiment on the ear of another rabbit till it became as

hard as a board, it was found to be longer in thawing than in the former

experiment, and much longer before it became warm ; in two hours how-

ever, it had acquired fome degree of warmth ; and on the day following

was hot and thickened.

In the fpring, 1776, I perceived that my cocks in the country had

their combs fmooth, with an even edge, and not fo broad as formerly,

appearing as if near one half of them had been cut off. Having inquired

into the caufe of this, my fervant told me, that it had happened in that

winter during the hard frofl:. He having then obferved, that the combs

had in part dropped off: alfo, that the comb of one cock had entirely

feparatedj but this I did not fee, as by accident he was burnt to death.

I naturally imputed this effedl to the combs having been frozen to fo
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great a degree during the fevere weather, as to have the life of the part

deflroyed : to determine, therefore, by experiment, the fohdity of th'is>

reafoning, I made the following experiment.

I feledted, for the purpofe, a very large young cock, having a comb of

confiderable breadth, with deep ferrated edges, the procefTes of which

were full half an inch long. My attempts to freeze the fubftance of the

comb did not fucceed ; for that being thick and warm, relifted the effedts

of the cold, and only the ferrated edges were frozen. The frozen parts >

became white and hard ; and, when I cut off a little bit, did not bleed,

nor did the animal (how any figns of pain. I next immerfed in the cold

mixture one of his wattles, which was very broad and thin ; it froze veiy

readily, and upon thawing both the comb and wattle, they became warm,

but of a purple colour, having loft that tranfparency which remained in

the other parts of the comb and in the other wattle. The wound in the

comb now bled freely.

Both comb and wattle recovered perfedly in about a month. The na-

tural colour returned firft neareft to the found parts, increafmg gradually

till the whole had acquired a healthy appearance.

There was a very material difference in the effe6l: between thofc fowls,

the ferrated edges of whofe combs I fufpefted to have been frozen in the

winter of 1765-6, for they muft have dropped off. The only way in

which I can account for this difference is, that in thofe fowls the parts

were kept fo long frozen, that the unfrozen or aftive parts had time to

inflame, and had brought about a feparation of the frozen parts, treating

them exadly as dead, iimilar to a mortified part ; and that before they

thawed, the feparation was fo far completed as to deprive them of further

fupport.

As it is confidently afferted, that fifhes are often frozen, and again re-

turn to motion ; and as I had never fucceeded in any of my trials of the

kind upon whole fifhes, I made fome experiments upon particular parts,

to which I was led by having found a material difference in the refult of

experiments made upon the whole, and on parts of the more perfeil ani-

mals;
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I froze the tail of a tench, as high as the anus, which became as hard

as a board ; when thawed, that part was whiter than common j and when

it moved, the whole tail moved as one piece, and the termination of the

frozen part appeared like the joint on which it moved.

On the fame day I froze the tails of two gold fifhes till they became

as folid as a piece of wood. They were put into cold water to thaw,

and appeared for fome days to be very well ; but that part of the tails

which had been frozen had not the natural colour, and the fins of the

tails became ragged. About three weeks after, a fur came all over the

frozen parts -, their tails became lighter, fo that the fifhes were fufpended

in the water perpendicularly ; they had almoft loft the power of motion ;

and at laft died. The water in which they were kept was New River

water, fhifted every day, and in quantity about ten gallons.

I made fimilar experiments upon an order of animals ftill inferior, viz.

common earth-worms.

I firft froze the whole of an earth-worm as a ftandard ; when thawed

it was perfectly dead.

I then froze the anterior half of another earth-worm j but the whole

died.

I next froze the pofterior half of an earth-worm ; the anterior half

continued alive, and feparated itfelf from the dead part.

From fome of thefe experiments it appears, that the more imperfedl

animals are capable of having their heat and cold varied very conliderably,

but not according to the degree of heat or cold of the furrounding medium

in which they can fupport life j for they can live in a cold confiderably

below the freezing point, and yet the living powers of the animal will

not allow their heat to be diminifhed much beyond 32°. Whenever the

furrounding cold brings them fo low, the power of generating heat takes

place i and if the cold is continued, the animals exert this power till life

is deftroyed ; after which they freeze, and 'are immediately capable of ad-^

mitting any degeee of cold.
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PLATE XII.

TWO views of a thermometer which has the fcale fo conftrufted as

to admit of its being introduced into any cavity that can receive the ball.

The fcale is moveable ; but the freezing point is marked on the ftem or

glafs.

Figure I. A front view, expofing the glafs ftem of the thermome-

ter, through which the divifions marked upon the concave furface of the

Aiding ivory fcale which embraces it, are very diftinftly feen.

a The freezing point, which is marked upon the ftem by a fcratch on

the glafs.

Figure II. A fide view, ihowing the degrees marked near the edge

of the convex fide of the ivory fcale.

The thermometer is to be adjufted for meafuring high or low degrees

of heat, by bringing any number marked upon the fcale oppofite the

freezing point, and counting either upwards or downwards.
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PROPOSALS FOR THE RECOVERY OF PERSONS
APPARENTLY DROWNED.

HAVING been requefted by a principal member of the fociety eftab-

lifhed for the recovery of perfons apparently drowned, to commit

my thoughts on that fubjed: to paper, I readily complied, hoping, that

although I have had no opportunities of making adual experiments upon

drow^ned perfons, it might be in my power to throw fome lights on a

fubjedt fo clofely conneded with the inquiries which, for many years,

have been my bulinefs and favourite amufement ; I therefore collefted

together my obfervations and experiments relative to the lofs and recovery

of the aftions of life, which I now offer to the public. The endeavour

to recover perfons apparently drowned, is a new praftice, and has fur-

nifhed, as yet, few important and clear fafts : our knowledge of the ani-

mal oeconomy is fo imperfed:, that I am afraid our reafoning from that

alone, muft not be relied on, in a queftion fo interefting to the caufe of

humanity. But let us reafon, as well as we can, from the few data we

have ; and let every man bring forward, freely, the obfervations he has

miade, that the fubjedl thus fairly before the public, may in time, by its

united efforts, be more perfeftly underftood.

I fhall conlider an animal, apparently drowned, as not dead ; but that

only a fufpenfion of the ailions of life has taken place. The difi'erence

between a fufpenfion of the adions of life, and abfolute death, is well

illuftrated by the common fnail when drowning. If a fnail is immerfed

in water and kept there, certain voluntary and inftindive adlions take

place ; but after remaining a certain time covered by the water, all thefe

aftions ceafe. Hence the animal being relaxed, naturally comes out of

the fhell in that fhate ; its ftomach is filled with water, and the body ap-

pears larger than natural j but without m.otion. Thefe adions continue
S
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thus fufpended, till either the caufe of fufpenlion be removed, or fom&

other ftimulus fhall bring the parts into adlion : but under fuch circum-

llances life cannot be preferved for any confiderable length of time ; and

when the flimulus which precedes death takes place, the whole animal

is thrown into adtion, and in that contradled Hate, poffibly, abfolate death

is produced. A ftate of relaxation lliould therefore (where an univerfal vi-

olence has not been committed) be confidered as the criterion of life

;

and even in fuch cafes, fhould be for fome time admitted as a probable

reafon for fuppofmg life ftill to exift.

If an animal appears fo far dead as to have lofl all the adlions charac-

teriftic of life, yet a certain degree of aftion in all the parts will be pro-

duced when abfolute death is taking place j and that animal, being ftill

fufceptible of ftimulus, is recoverable if the proper ftimulus could be ap-

plied.

It is afferted that men have recovered the adlions of life, even after the

contradion, in confequence of the ftimulus which precedes death, has

taken place. If this be true, which I very much doubt, the ftimulus muft

firft produce relaxation, which is an adlion dependent on life.

This is probably the cafe in the firft appearances of death from all

violent accidents, except thofe caufed by lightning, electricity, an univer-

fal Chock, a blow on the ftomach, a violent affedion of the mind, or fome

other modes by which abfolute death may be inftantaneoufly produced ;•

which all appear to aft in the fame way, producing abfolute and inftant

death. For in cafes which have fallen under my obfervation, the conco-

mitant circumftances have refembled thofe which attend death caufed by

lightning or eledricity ; fuch as a total and inftantaneous privation of

fenfe and motion without convulfions ; confequently, no rigor of mufcles

having been produced, and the blood remaining uncoagulated ; differing

entirely in thefe refpedls from what appears in perfons deprived of fenfe

and life by any injury done the brain. It feems only polTible to account

for this eftedl of a blow on the ftomach, from the connexion fubfifting

between that vifcus and every part of the body, at leaft with vital parts

;

the blow, moft probably, caufing inftant death in that organ, of which
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the death of the whole animal is the confequence*. When death takes

place from violent afFedlions of the mind, it mull be referred to the uni-

verfal influence which the mind has over the body.

To afcertain when a body is deprived of life, it is firil necelTary to know

in what manner apparent death took place ; whether in the common
way, or from the vital actions being too long fufpended. In either cafe,

ftiffnefs of the muicles is probably the motl certain and moft evident

proof of abfolute death j fince that arifes from the fliimulus immediately

preceding death having taken place. But if the privation of life is pro-

duced by any of the modes abovementioned, which kill inftantaneoufly

and univerfally, the ftimulus which produces ftiffnefs is not allowed time

to adl, and the mufcles are all left in a relaxed ftate. Yet this ftate of

relaxation muft not, on that account be always confidered as a proof of

life ftill remaining.

A. degree of flaxidity in the eye-balls, which produces glaffinefs, is a

certain mark of death ; but is, however, only a fecondary mode of afcer-

taining it in thofe inftances where the body becomes ftiffj but may be
^

the firft mode where abfolute death takes place inflantaneoufly ; and pu-

trefadion will be the fecond ; while in the other cafes putrefadion will

be the third.

That I may more fully explain my ideas upon this fubjed:, it will be

necelTary to ftate fome proportions.

Firfl ; that fo long as the animal retains the fufceptibility of Impref-

fion, though deprived of the adion of life, it will, mofl probably, retain

the power of adtion when impreffed ; therefore the adion may frequently

be fufpended, and yet recoverable ; but, when the fufceptibility of impref-

* I fhould confider the iltuatlon of a perfon drowned to be fimilar to that of a perfon in a

trance. In both, the a6lion of life is fufpended, without the power being deftroyed : but I am

indined to believe, that a greater proportion of perfons recover from trances than from

drowing ; becaufe a trance is the natural effeO. of a difpofition in the perfon to have the adion

of life fufpended for a time; but drowning being produced by violence, the fufpenfion will

more frequently laft for ever, unlefs the power of life is roufed to adtion by fome applications

of art.
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lion is deftroyed, the aftion ceafes to be recoverable. Secondly ^ it is

neceffary to mention, that I confider part of the living principle as inherent

in the blood*. Thirdly ; that the flomach fympathizes with every part

of an animal, and that every part fympathizes with the ftomach ; there-

fore, whatever adls upon the ftomach as a cordial, or roufes its natural

and healthy aftions, and whatever affefts it fo as to produce debility, has

an immediate effeft upon every part of the body. The laft propofition I

have to make is, that every part of the body fympathizes with the mindj

for whatever affedis the mind, the body is aitecfted in proportion. Thefe

fympathies are flrongeft vi'ith the vital parts ; but befides ' thefe uni-

verfal fympathies between the ftomach, the mind, and all parts of

the body, there are peculiar fympathies ; of which the heart fympathi-

fing immediately with the lungs, is an inftance. If any thing is received

into the lungs, which is a poifon to animal life, fuch as inflammable

air, volatile vitriolic acid, and many other well known fubflances, the

motion of the heart immediately ceafes, even much fooner than if the

trachea had been tied ; and, from experiments, it appears, that any thing

falutary to life, applied to the lungs, will reftore the heart's adion after

it has been at reft fome time.

I lliall divide violent deaths into three kinds : Firft, where a flop is

only put to the aftion of life in the animal, but without any irreparable

injury to a vital part; which adlion, if not reilored in a certain time, will

be irrecoverably lofl. The length of that time is fubjedt to confiderable

variation, depending on circumftances with which we are at prefent un-

acquainted. The fecond is, where an injury is done to a vital part ; as

by taking away blood till the powers of adion are loft ; or by a wound

or preiTure being made on the brain or fpinal marrow, while life remains

* That the living principle is inherent in the blood, is a dodrine which the nature of this

account will not allow me to difcufs : thus much, however, it may be proper to fay, that it is

founded on the refult of many obfervations and experiments. But it may be thought necef-

fary I Ihould here give a definition of what I call the living principle : fo far then as I have

ufed the term, I mean to exprefs that principle which preferves the body from diflblution with,

or without adion, and is the caufe of all its ailions.
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in the folids fufficient for the prefervation of the animal, if aftion

could be reftored to the vital parts. The third is, where abfolute death

inftantly takes place in every part, as is often the cafe in ftrokes of light-

ning j in the common method of killing eels, by throwing them on fome

hard fubftance, in fuch manner as that the whole length of the animal

fhall .receive the fliock at the fame inftant ; by a blow on the ftomach

;

by violent afFeftions of the mind, and by many difeafes, in all which

cafes the mufcles remain flexible*.

Hov/ far that may be ftriftly confidered as a violent death, which is

caufed by affedlions of the mind, I will not pretend to fay ; but if it is to

have a place in that clafs, it muft be ranked with thofe which happen

from lightning, and a blow on the ftomach : and in moft cafes of perfons

drowned, I can eafily conceive the mind to be fo much affedted, prior to

the immeriion, and in the moment immediately fucceeding it, as to make

a material difference in the power of recovery. In m.any fudden deaths,

arifing from violence, and even from difeafe, death fliall take place fo im-

mediately, that the mufcles neither contract, nor does the blood coagu-

late.

The prefent confideration is, under which of the kinds of violent death
' drowning can be claiied or arranged ? I am of opinion it will moft com-

monly come under the firft ; and upon that ground I ftiall principally

confider the fubjeil, always fuppofmg the body to remain flaccid.

The lofs of motion in drowning feems to arife from the lofs of refpira-

tlon, and the immediate eflcdls which that has upon the other vital mo-

tions of the animal ; except what may have arifen from the affedions of

the mind. The privation of breathing appears, however, to be the firft

caufe; and the heart's motion ceafing, to be the fecond or confequent;

therefore moft probably the reftoration of breathing is all that is neceflTary

to reftore the heart's motion : for if fufficient life ftill exifts to produce

* On the other hand, when an eel is killed by chopping it into a number of pieces, the

powers of life are by thofe means roufed into acStion ; and, as every part dies in that aftive

Itate, every part is found llifF after death. This explains the cuftom of cutting fifh int-o

pieces while yet alive, in order to make them hard, ufuaily known by the name of crimpijig,.
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that efFed, we may fuppofe every part equally ready to move the very in-

fant in which the adion of the heart takes place, their adlions depending

fo much upon it. What makes it very probable, that in recovering per-

fons drowned, the principal effedl depends upon air being thrown into the

lungs, is, what happens at the birth of children, when two much time

has intervened between the interruption of that life which is peculiar to

the foetus, and that which depends on breathing ; they then lofe altoge-

ther the difpofition for this new life; and in fuch cafes, there being a

total fufpenfion of the adlions of life, the child remains to all appearance

dead ; and would certainly die, if air were not thrown into its lungs, and

by fuch means the firft principle of acftion reftored. To put this in a ftill

clearer light, I will give the refult of fome experiments which I made in

the year 1755 upon a dog.

A pair of double bellows were provided, conftrudted in fuch a manner

as by one action to throw frefh air into the lungs, and by another to fuck

out again the air which had been thrown in by the former, without mix-

ing them together. The muzzle of thefe bellows was fixed into the

trachea of a dog, and by working them he was kept perfedly ahve.

While this artificial breathing was going on, I took off the llernum of

the dog, and expofed the lungs and heart ; the heart continued to aft as

before, only the frequency of its adion was confiderably increafed. When
I flopped the motion of the bellows, the heart became gradually weaker

and lefs frequent in its contraftions, till it entirely ceafed to move. By

renewing the adion of the bellows, the heart again began to move, at

firft very faintly, and with long intermiffions ; but by continuing the

artificial breathing, its motion became as frequent and as ftrong as at

firft. This procefs I repeated upon the fame dog ten times, fometimes

flopping for five, eight, or ten minutes, and obferved that every time I

left off working the bellows, the heart became extremely turgid with

blood, the blood in. the left fide becoming as dark as that in the right ^

which was not the cafe when the bellows were working. Thefe fituations

of the animal appeared to me exaftly limilar to drowning.

Death in perfons drowned has been accounted for, by fuppofing that
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the blood, rendered unfit far the purpofes of hfe, by being deprived of the

aftion of the air in refpiration, is fent in a vitiated ftate to the brain and

other vital parts ^ by which means the nerves lofe their effeft upon the

heart, and the heart in confequence its motion. This, however, I am
fully convinced is falfe ; firft, from the experiments on the dog, in which

a large column of blood fo vitiated (confifting of what had been propelled

from the heart, after refpiration flopped, and might be fuppofed the caufe

of the heart ceafing to adt, together with all that remained in the heart

and pulmonary veins) was again pufhed forward without any ill efied:

having been produced : and next, from the return to life of perfons-

drov/ned and children ftill-born, which, were fuch a fuppofition true,,

could never happen ; unlefs we imagine a change of the blood to take

place in the brain, prior to the reftoration of the heart's motion. This

reftoration muft therefore depend imimediately on the application of air to

the lungs, and not on the effefts which air has upon the blood, or that

blood upon the vital parts.

If the affedlions of the mind have had any fhare in the cefTation of aftion

in the heart, its motion will not be fo eafily reflored as in other cafes. In

our attempts to recover thofe who have been drowned, it might therefore

be proper to inquire, if there had been time fufficient for the perfon to

form any idea of his fituation, previous to his being plunged into the

water -, as it is not unlikely, that the agitated ftate of mind might affift

in killing him ; and in fuch cafe I fliould very much doubt the probability

of reftoring him to life. In the hiftory of thofe who have, and who have

not been recovered, could the difference be afcribed to any fuch caufe, it

might lead to fomething ufeful ; as in thofe who have had an intention

to deftroy themfelves, a great difference in the chance of recovery may

arile, from the mind having been previoufly very much afteded.

It frequently happens, in the cafe of drowning, that aiTiftance cannot

be procured till a confiderable time after the accident; every moment of

this delay renders recovery more precarious, the chances of which are not

only diminiihed in the parts where the firfl: powers of aftion principally

refide, but alfo in every other part of the body.
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In offering my fentiments on the method of treating perfons who are

apparently drowned, I fhall fay firft, what I would recommend to have

done ; fecondly, what I would wifh might be avoided.

When affiftance is called in, foon after the immerfion, perhaps blowing

air into the lungs may be fufficient to effedl a recovery* ; but if a conii-

derable tirtie, as an hour, has been loft, it will feldom be fufficient ; the

heart, in all probability, having by that time loft its intimate connexion

with the lungs. It will in thefe cafes, therefore, be proper to apply,

mixed with the air, fuch ftimulating medicines as the vapour of volatile

alkali ; which may eafily be done, by holding fpirits of hartftiorn in a

cup under the receiver of the bellows. I would advife the air and volatile

alkali to be thrown in by the nofe, rather than the mouth, as the laft

mode of adminiftering, by producing ficknefs, is more likely to deprefs

than roufe the living principle. It will be ftill better if it can be done

by both noftrils, as applications of this kind to the olfadtory nerves cer-

tainly roufe the living principle and put the mufcles of refpiration into

aftion, and therefore are the more likely to excite the aftion of the

heart : befides, that affedlions of thefe nerves are known to ad: more im-

mediately on the living principle ; fince while a ftrong fmell of very fweet

flowers, as orange flowers, will in many caufe fainting, the application of

vinegar will as immediately reftore the powers to action again. All per-

fumes in which there is fome acid, rather roufe than deprefs, as the

fweet-brier, eflence of lemon, &c. If during the operation of the bellows,

the larynx be gently preffed agairift the ccfophagus and fpine, it will pre-

vent the ftomach and inteftines being too much diftended by the air, and

leave room for the application of more eftedlual ftimuli to thofe parts.

This preffure, hov/ever, muft be conduced with judgment and caution,

fo that the trachea and the aperture into the larynx may both be left

perfectly free. While this bufinefs is going on, an afliftant fhould prepare

bed-cloaths, carefully brought to the proper degree of heat. I confider

* Perhaps the dephlogifticated air, defcribed by Dr. Prieftley, may prove more efficacious

than common air. It is eafily procured, and may be preferved in bottles or bladders for that

purpofe.
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heat as congenial with the Hving principle ; increafing the necefTity of

adlion it increafes aftion : cold, on the other hand, leflens the neceffity,

and of courfe the acftion is diminifhed : to a due proportion of heat, there-

fore, the living principle owes its vigour 3 and, from obfervations and ex-

periments, it appears to be a law of Nature, in animal bodies, that the

degree of external heat fliould bear a proportion to the quantity of life j

when it is weakened, this proportion requires great accuracy in the ad-

juftment ; while greater powers of life allow a greater latitude*.

I was led to make thefe obfervations, by attending to perfons who are

froft-bitten ; the effeO. of cold in fuch cafes being that of leflening the

living principle. The powers of acSion remain as perfed as ever, but

weakened ; and heat is the only thing wanting to put thefe powers into

action : yet that heat muft at firll be gradually applied, and proportioned

to the quantity of the living principle ; which increaling, the degree of

heat may likewife be increafed. If this method is not obferved, and too

great a degree of heat is at firfl applied, the perfon or part lofes entirely

the living principle, and mortification enfues. Such a procefs invariably

takes place with regard to men ; and the fame thing, I am convinced,

happens to other animals. For if an eel is expofed to a degree of cold

fufficiently intenfe to benumb it till the remains of life are fcarcely per-

ceptible, -and flill retained in a cold of about 40°, this fmall proportion

of living principle will continue for a confiderable time without diminu-

tion or increafe j but if the animal is afterwards placed in a heat about

60°, after fhowing ftrong figns of returning life, it will die in a few mi-

nutes. Nor is this circumftance peculiar to the diminution of life by

cold. The fame phsenomena take place in animals who have been very

much reduced by hunger.

If a lizard, or fnake, when it goes to its autumnal hiding place, is not

fufficiently fat, the living powers are, before the feafon permits it to come

out, very conliderably weakened 3 perhaps fo much as not to admit^of

* It is upon thefe principles that cold air is found of fo much fervice to people who are re-

duced by difeafe, as the confluent fmallpox, and fevers, by diminifhing heat in proportion to

the diminution of life ; or lelTening the neceffity of the body's producing its own cold.

T
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the animal being again reflored. If animals, in a torpid ilate, are ex-

pofed to the fun's rays, or placed in any fituation which by its warmth

would give vigour to thofe of the fame kind, polTeffed of a larger fhare of

life, they will immediately fhow figns of increafed life, but quickly fink

under the experiment and die ; while others, reduced to the fame degree

of weaknefs, as far as appearances can difcover, will live for many weeks,

if kept in a degree of cold proportioned to the quantity of life they poflefs.

I obferved, many years ago, in fome of the colder parts of this iiland,

that when intenfe cold had forced blackbirds or thruflies to take ihelter

in out-houfes, fuch of them as had been caught, and were, from an ill-

judged compaffion, expofed to a confiderable degree of warmth, died very

foon. The reafon of this I did not then underftand ; but I am now fa-

tisfied that it was owing, as in other inftances, to the degree of heat being

increafed too fuddenly for the proportion of life remaining in the animal.

From thefe fadls it appears, that warmth caufes a greater exertion of

the living powers than cold ; and that an animal in a weakly Hate may

be obliged by it to exert a quantity of the adlion of life fufficient to de-

ftroy the very powers themfelves*. The fame effedts probably take place

even in perfeft health; it appearing, from experiments made in a heated

room, that a perfon in health, expofed to a great degree of heat, found

the ad:ions of life accelerated fo much, as to produce at lall faintnefs and

debilityt.

If bed-cloaths are put over the drowned perfon, fo as fcarcely to touch

him, fleam of volatile alkali, or of warm balfams and effential oils, may
be fo conveyed as to come in contadt with many parts of his body ; and

it will certainly prove advantageous, if the fame kind of fleams can be

conveyed into the flomach, as that feat of univerfal fympathy will be

roufed by fuch means. This may be done by a hollow bougie and a fy-

ringe ; but the operation fhould be performed with all poffible expedition,

becaufe the inflrument, by continuing in the mouth may produce ficknefs,.

* It is upon this principle that parts mortify in confequence of inflammation,

t Vide Phil, Tranf. for the year 1775, vol. 65. p. iii.
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an effeft I fhould chufe to avoid, unlefs it is intended to produce tlie

a<3:ion of vomiting. Some of the Simulating fubftances, which are of a

warm nature, and have an immediate efFe6l, as fpirits of hartfhorn, pep-

permint-water, juice of horfe-raddi£h, and many others which produce a

more lafling flimulus in a fluid ftate, and are found to quicken the pulfe

of a man in health, as balfams and turpentines, may be thrown into the

ftomach ; but the quantity muft be fmall, as they have a tendency to

produce ficknefs ; for it may be imagined, that what v/ould produce de-

bility, or lelTen atftion when in health, would, in oppofite circumftances

prevent adtions from taking place. The application of fleams, and other

fubftances, fhould alfo be thrown up by the anus ; and the procefs re-

commended under the firft head of treatment fhould ilill be continued,

while that recommended under the fecond is putting in praftice, the

laft being only an auxiliary to the firft. The firft, in many cafes, may
fucceed alone ; but the fecond without the firft, muft, I think, al-

ways fail where the powers of life are confiderably weakened. Motion

may poffibly be of fervice ; it may at leaft be tried ; but, as it has lefs

effedl than any other of the ufually prefcribed ftimuli, it fhould be the laft

applied*. I would recommend to theoperator the fame care in regulating

the application of every one of thefe methods, as I did before in that of

heat J as each may have the fame property of entirely deftroying the feeble

adlion which they have excited, if adminiftered in too great a proportion

:

inftead therefore of increafing and haftening the operations, on the firft

figns of returning life being obferved, as is ufually done, I fhould wifii

them to be applied more gently and gradually, that their increafe after-

wards may be direded, as nearly as pofTible, in a degree proportioned to

the powers as they arife. As the heart is commonly the laft part that

* Eleflricity has been known to be of fervice, and fhould be tried when other methods

have failed. It is probable, the only method we have of immediately flimulating the heart

;

all other methods being more by fympathy. I have not mentioned injecting flimulating fub-

ftances direftly into the veins, though it might be fuppofed a proper expedient ; becaufe, in

looking over my experiments on that fubjeft, I found none where animal life received increafe

by that method.
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ceafes^to ad, it is probably the firft part that takes on the aftion of reco-

very. When it begins to move, I would advife leflening the application

of air to the lungs, and enjoin thofe employed to obferve with great at-

tention when the mufcles of refpiration begin to aft, that our endeavours

may not interfere with their natural exertions ; yet that we may be ftili

ready to affift. I would by all means difcourage blood-letting ; which I

think weakens the animal principle, and life itfelf; confequently lelfens

both the powers and difpolitions to adtion ; and I would advife being

careful not to call forth any difpofition that might deprefs, by introducing

things into the flomach, which ordinarily create naufea; as that alfo

will have a fimilar eifedl, except it can be carried fo far as to excite the

afl'ion of vomiting, by which the ftomach could relieve itfelf. It will be

prudent, likewife, to avoid adminiftering by the anus, any thing that may

be likely to produce an evacuation that way ; every fuch evacuation tend-

ing to lelfen the animal powers. I have purpofely avoided fpeaking of

the fumes of tobacco, which always produce ficknefs or purging, accord-

ing as they are applied.

Whoever is appointed for the purpofe of recovering drowned perfons,.

fhould have an affiftant, well acquainted with the methods intended to

be made ufe of; that while the one is going on with the firft and moft

fimple methods, the other may be preparing what elfe may be proper, fo-

that no time may be loft between the operations ; and this is the more

neceifary, as the firfl means recommended, will, in all cafes, affift the fe-

Gond ; and both together may often be attended with fuccefs, though each

feparately might have failed.

A proper apparatus is alfo elfentially neceffary to the inftitution ; a de-

fcription of which I here annex. Firft, a pair of bellows, fo contrived,

with two feparate cavities, that by expanding them, when applied to the

noftrils or momth of a patient, one cavity may be filled with the com-

mon air, and the other with air fucked out from the lungs ; and by

Shutting them again, the common air may be thrown into the lungs, and

that which is fucked out of the lungs be difcharged into the room. The

pipe of thefe fhould be flexible, in length a foot or a foot a.nd a half.
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and at leaft three-eights of an inch in width : as the artificial breathing

may be continued by fuch means, while the other operations, except the

application of the ftimuli to the ftomach, are going on ; which cannot

conveniently be done if the nozzle of the bellows be introduced into the

nofe. The end next the nofe fhould be double, and applied to both noftrils.

Secondly, a fyringe, with a hollow bougie, or flexible catheter, of fufficient

length to go into the ftomach, and convey any ftimulating matter into it,,

without afFeding the lungs. Thirdly, a finall pair of bellows, fuch as

are commonly ufed in throwing fumes of tobacco up the anus, by which^

ftimulating fluids, or even fumes may be thrown in.

I ftiall conclude this account by propoflng, that all who are employed

in this pradice be particularly required to keep an accurate journal of the

means ufed, and the degree of fuccefs attending them ; whence we may

be furnhhed with fads fuflicient to enable us to draw conclufions,. on^

which a certain pradice may hereafter be eftabliftied.
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OBSERVATIONS TENDING TO SHEW THAT THE
WOLF, JACKAL, AND DOG, ARE ALL OF THE
SAME SPECIES.

THE true diftlndion between different fpecies of animals muft ulti-

mately, as appears to me, be gathered from their incapacity of

propagating with each other an offspring capable again of continuing it-

felf by fubfequent propagations : thus the horfe and afs beget a mule ca-

pable of copulation, but incapable of begetting or producing offspring.

If it be true, that the mule has been known to breed, which muft be

allowed to be an extraordinary fadt, it will by no means be fufficient to

determine the horfe and afs to be of the fame fpecies ; indeed, from the

copulation of mules being very frequent-, and the circumftance of their

breeding very rare, I fhould rather attribute it to a degree of monftrofity

in the organs of the mule which conceived, as not being a mixture of two

different fpecies, but merely thofe of either the mare or female afs. This

is not fo far-fetched an idea, when we confider that fome true fpecies pro-

duce monfters, which are a mixture of both fexes, and that many animals

of diftind fex are incapable of breeding at all. If then we find Nature in

its moft perfedl ftate deviating from general principles, why may not it

happen likewife in the produdlion of mules ; fo that fometimes a mule

fhall breed from the circumftance of its being a monfter refpediing mules?

The time of uterine geftation being the fame in all the varieties of every

fpecies of animals, it becomes a neceffary circumftance towards determin-

ing a fpecies.

The affinity between the fox, wolf, jackal, and feveral varieties of the

dog, in their external form and feveral of their properties, is fo ftriking,

that they appear to be only varieties of the fame fpecies. The fox would

feem to be farther removed from the dog than either the jackal or wolf.
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at leaft in difpofition, being naturally a folitary animal, and neither fo

fociable refpedling its own fpecies or man : from which I fhould infer

that it is only allied to the dog by being of the fame genus. It is confi-

dently aflerted by many, that the fox breeds with the dog j but this has

not been accurately afcertained : if it had, the enquiry would probably

have been carried further ; and once breeding, according to what we have

faid, does not conftitute a ipecies ; this, however, is a part I mean to in-

yefligate. I do not know if, in a wild ftate, there ever is in the fame

country a variety in any fpecies of animal j but am inclined to think there

never is : if fo, as both wolves and foxes inhabited this country ,"" they

cannot then be of the fame fpecies.

Wolves, as alfo jackals, are found in herds ; and the jackal is fo little

afraid of the human fpecies, that, like a dog, it comes into houfes in

fearch of food, more like a variety of the dog, the confequence of cultiva-

tion rather than of chance. It v/ould appear to be much the moft fami-

liar of the two ; for we fliall find, that in its readinefs to copulate with

the dog, and its familiarity with the dog afterwards, it is fomewhat diff^e-

rent from the wolf; however, this may depend on accident. The wolf

being an animal well known in Europe, the part of the world where

natural hiftory is particularly cultivated, fome pains have been taken to

afcertain, whether or not it was of the fame fpecies v/ith the dog ; but, I

believe, it has been hitherto confidered as only belonging to the fame

genus.

Accident often does as niuch for natural hiftory as premeditated plans,

efpecially when Nature is left to itfelf. The firfl: inftance of the dog and

wolf breeding in this country feems to have been about the year 1766. A
Pomeranian bitch of Mr. Brookes's, in the New Road, was lined only

once by a wolf, and brought forth a litter of nine healthy puppies. The

veracity of Mr. Brookes is not to be doubted, refpedling the bitch having

been lined by a wolf; yet, as it was poffible fhe might have been lined

by fome common dog without his knowledge, the fad was not, in that,

clearly made out ; but it has been fince afcertained, that the dog and wolf

will breed. One of the above-mentioned litter was prefented to me by
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Mr. Brookes, who likewife Informed me that others had been purchafed

by different noblemen and gentlemen, and named Lord ClanbrafTil as-

having bought a bitch-puppy. I referved mine for the purpofe of expe-

riment ; and from obfervation, it appeared that its adlions were not truly

thofe of a dog ; having more quicknefs of attention to what paffed ; be-

ing more eafily ftartled, as if particularly apprehenfive of danger ; quicker

in tranfitions from one adion to another ; being not fo ready to the call ;

and lefs docile. From thefe peculiarities it loft its life, having been ftoned

to death in the ftreets for a mad dog.

Hearing that Lord Clanbraffil's bitch had bred. Sir Jofeph Banks was
fo obliging as, at my requeft, to write to his Lordfhip, who fent the fol-

lowing account.

*' About feventeen or eighteen years ago, the late Lord Monthermer

and I happened to fee a dog-wolf at Mr. Brookes's, who deals in animals,

and lives in the New Road. The animal was remarkably tame^ and it

ftruck us, for that reafon, that a breed might be procured between him
and a bitch.

" We promifed Mr. Brookes a good price for puppies, if he fucceed-

ed. In about a year a bitch produced nine, and Lord Monthermer

bought one ; and I had another, which was a bitch. Lord Monther-

mer's died of fits in about two years : mine lived longer, and had puppies

only once. One I gave to Lord Pembroke ; but what became of it X
do not remember. It was grand-daughter of the wolf by the dam, and

got by a large pointer of mine.

" It might be confidered, that Mr. Brookes's word was not fufEcient

proof that the puppies were really got by the wolf; but the appearance

of the animals, fb totally different from all others of the canine fpecies,

did not leave a doubt upon our minds ; and I remember Hans Stanley,

who had adopted Buffon's opinion, was thoroughly convinced upon fee-

ing mine. The animals had the fhape of the wolf refined ; the fur long,

but almoft as fine as that of the black fox.

U
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*' I am afraid I have trefpafTed too much upon your time, and will only

beg you will be affured nothing can give me more pleafure than any op-

portunity of affuring you how truly

I am, Sir, &c.

Jan. 7, 1787.

Clanbrassil."

Upon the fuppofition that Mr. Brookes's bitch was not lined by a

dog, but by the wolf, which I think we have no reafon to doubt, the

fpecies of the wolf is afcertained ; but choofmg to trace this matter

flill further, and hearing that Lord Pembroke's bitch had likewife bred,

I was defirous to know the truth of it; and as his lordfhip was in

France, I took the liberty of writing to Lord Herbert, and received the

following anfwer.

"sir, wilton-house, dec. 20, 1786.
" The half-bred wolf-bitch you allude to was given, as I always un-

derflood, to Lord Pembroke by Lord Clanbraffil. She might, perhaps,

have been bought at Brookes's by him. She had four litters, one of ten

puppies, by a dog between a maftiff and a bull-dog. One of thefe was

given to Dr. Eyre, at Wells in Somerfetfliire, and one to Mr. Buckett,

at Stockbridge. The fecond litter was of nine puppies, fome of which

"Were fent to Ireland, but to whom I know not. This litter was by a

different dog, but of the fame breed as the firft. The third litter was of

eight puppies, by a large mafliff. Two of thefe were, I believe, fent to

the prefent Duke of Queenfberry. The fourth litter confiited of feven pup-

pies 3 two of which were fent to M. Cerjat, a gentleman who now refides

at Laufanne in Switzerland, and is famous for breaking dogs remarkably

well. Thefe two puppies were, however, naturally fo wild and unruly,

that he found it impolTible to break them. She died four years ago, and

the following infcription was put over the place where fhe is buried in

this garden, by Lord Pembroke's orders.



OF THE WOLF, JACKAt, AND DOG. 147

Here lies Lupa,

whofe grandmother was a wolf,

whole father and grand-father were dogs, and whofe

mother was half wolf and half dog. She died

on the 1 6th of October, 1782,

aged 12 years.

t(
I am forry It is not in my power to give you any better account ; but

If you think proper to write to Lord Pembroke, who is at Paris, I am
convinced he will be very happy to give you any further information.

I am. Sec.

Herbert."

Buffon, whofe remarks in natural hiftory are well known, made experi-

ments to afcertain how far the wolf and dog were of the fame fpecies, but

without fuccefs. He fays, " A fhe-wolf, which I kept three years, altho'

fliut up very young, and along with a greyhound of the fame age, in a

fpacious yard, could not be brought to agree with it, nor endure it, even

when flie was in heat. She was the weakeft, yet the moft mifchievous;

provoking, attacking, and biting the dog, which at firft only defended it-

felf, but at lafl killed her." And in another part of his work, he makes

the following obfervation :
" The dog, the wolf, the fox, and the jackal,

form a genus, of which the different fpecies are really fo nearly allied to

each other, and of which the individuals refemble each other fo much,

particularly by the internal ftru£ture and parts of generation, that it is

difficult to conceive why they do not breed together*."

* In the Supplement to his Works, he gives the following account which had been fent to

him. " A very young fhe-wolf, brought up at the Marquis of Spontin's, at Namur, had a

dog, of nearly the fame age, kept with it as a companion. For two years they were at liberty,

coming and going about the apartments, the kitchen, the ftables, &c. lying under the table,

and upon the feet of thofe who fat round it. They lived in the greateft familiarity.

" The dog was a ftrong greyhound. The wolf was fed on milk for fix months ; after

that, raw meat was given her, which fhe preferred to that which was drefled. When ihe ate
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This part of natural hiftory lay dormant till Mr. Gough, who fells-

birds and has a coUeftion of animals on Holborn-Hill, repeated the ex-

periment on a wolf-bitch, which was very tame, and had all the adtions

of a dog under confinement. A dog is the moft proper fubjedt for com-

parifon, as we have opportunities of being acquainted with its difpofition

and mode of expreffing its fenfations, which are mofl diftinguifhable in

the motion of the ears and tail ; fuch as pricking up the ears when anx-

ious, wifliing, or in expeftation ; depreffing them when fupplicant, or j^n

fear ; raifing the tail in anger or love, depreffing it in fear, and moving it

laterally in friendfliip ; and likewife in raifing the hair on the back from

many affedions of the mind. This animal became in heat in the month
of December 1785 ; and Mr. Gough having an idea of obtaining a breed

from wild animals, as monkies, leopards, &c. he was defirous to have

the wolf lined by fome dog ; but {he would not allow any dog to come

near her ; probably from being always chained, and not accuftomed to be

with dogs. She was held, however, while a greyhound dog lined her, and

they faftened together exadlly like the dog and bitch. While in conjunc-

tion flie remained pretty quiet ; but when at liberty, endeavoured to fly

at the dog ;
yet in this way was twice lined. She conceived, and brought

forth four young ones ; and though the time ihe went with young was

not exadly known, it was believed to be the fame as in the bitch. Two

ijo one durft approach her ; but at other times people might do as they pleafed, provided

they did not ufe her ill. At firft fhe made much of all the dogs which were brought to her ;

but afterwards flie gave the preference to her old companion, and from that time flie became

very fierce if any ftrange dog approached her. She was lined for the firft time on the 25th of

March ; this was frequently repeated while her heat continued, which was fixteen days ; and

Ihe littered the 6th of June, at eight o'clock in the morning; the period of geftation was there-

fore feventy-three days at the moft*. She brought forth four young ones of a blackifh colour,

ibme of whofe feet, and a part of the breaft, were white ; in this refpedt taking after the dog,

who was black and white. From the time fhe littered foe became furly, and fet up her back

at thofe who came near her ; did not know her mafters, and would even have killed the dog,

if it had been in her power."

* This is a longer period tlian in the bitcli by at lead ten days ; but as the account was made from the firft

time of her being lined, and fhe was in heat for a fortnight, and lined in that time, it is very probable, if the time

was known when ftie conceived, that it wonld prove to be the fame period as in tlie dog.
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of thefe puppies were like the dog in colour, who had large black fpots

on a white ground ; another was of a black colour ; the fourth of a kind

of dun, and would probably have been like the mother. She took great

care of them, yet did not feem very anxious when one was taken from

her by the keeper ; nor did fhe feem afraid when ftrangers came into the

room. Unfortunately thefe experiments were carried no further ; one of

the puppies being fold to a gentleman, who carried it to the Eaft-Indies j

and the other three, one of which I was to have had, were killed by a

leopard. The fame wolf was in heat in December 1786, and was lined

feveral times by a dog. She pupped on the 24th of February 1787, and

had fix 'puppies, one of which, a bitch, I had, and kept it till it was in

heat ; but mified the opportunity of having her lined ; that lofs, however,

was made up by a wolf-bitch belonging to James Symmons, Efq. of

Grofvenor-Houfe, Milbank ; the hiftory of which is as follows.

This female-wolf had been in his polTeffion fome time, had been lined

by a dog, and brought forth feveral puppies, which I faw in company with

Sir Jofeph Banks, foon after Mr. Gough's wolf, the fubjecl of my former

Paper, had produced her litter j fo that thefe puppies were nearly of the

fame age with mine, Mr. Symmons reared them all ; but one only was

a female, which more refembled the mother or wolf- kind, than any of the

others. I communicated to Mr. Symmons my wifh, that we ihould en-

deavour to prove the fad: of the wolf and dog being of the fame fpecies,

by having either his female or mine lined by a dog. This he very readily

acceded to ^ arid his bitch received the dog on the i6th, 17th, and 18th

of December 1788 ; and the i8th of February following, fhe brought

forth eight puppies, all of which flie reared.

If we reckon from the 1 6th of December, fhe went iixty-four days j

but if we reckon from the 17th, the mean time, then it is fixty-three days,

the ufual time for a bitch to go with pup. Thefe puppies are the fecond

remove from the wolf and dog, and fimilar to that given by my Lord

Clanbraflil to the Earl of Pembroke, which likewife bred again. (See Phi-

lofophical Tranfactions, vol. lxxvii. p. 255.) It would have equally

proved the fame fact if flie had been lined either by a wolf, a dog, or one

of the males of her own litter.
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It is remarkable, that there feems to be only one time in the year iiv

which impregnation is natural to the wolf, which is the month of Decem-

ber : for Mr. Gough's wolf has always been in heat in that month ; fo

was that of Mr. Symmons. The time of heat in his of the half-breed

(which is nearly of the fame age with mine) correfponded likewife with

that of the mother, and of thofe bred from Mr. Gough's wolf.

OF THE JACKAL.

This animal being fo nearly allied to the dog, and only found wild

like the wolf, I became defirous of afcertaining of what particular fpecies

it was ; and while purfuing the fubjeft, I was informed that Captain

Mears, of the Royal Bilhop Eaft-India-man, had brought home a bitch-

jackal with young, which brought forth foon after his arrival ; and that

he had given the bitch-jackal and one puppy to Mr. Bailey, bird-mer-

chant, in Piccadilly. I went to fee them, and purchafed the puppy, the

fubjed; of the following experiment, which we found to have difpoli-

tions very fimilar to thofe of the half-bred wolf, beforementioned, which

I had from Mr. Brookes.

To have a true hiftory of this animal, I took the liberty of writing to

Mr. Mears, who politely called upon me, and, at my requefl:, fent me the

particulars in a letter, of which the following is a copy.

*' SIR,

" I had the honour of yours the i 5th inftant ; and with regard to the

female-jackal, lean afl'ure you, that flie took a fmall fpaniel dog of mine

on board my fliip, the Royal Bifliop. I had her, when a cub, at Bom-
bay ; and a very iliort time before I arrived in England fhe got to heat,

and enticed this fmall dog into the long-boat, where I faw them repeat-

edly faft together. I brought her to my houfe in the country, where fhe

pupped fix puppies, one of which you have feen. Mr. Flaw, at No. 90,

Tottenham-Court-Road, has a dog-puppy, which will be at your fervice
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at any time you chufe to fend for him, to make further experiments : I

called on Mr. Flaw, and'got his promife to let you have the dog.

I have the honour to be. Sir, &c.

Wm. Mears.
N^ 107, Hatton-ftreet, - •

l6th Jan. 1786.

P. S. I had the bitch on board fourteen months."

Having taken this puppy into the country, and chained It up near a

maftiff-dog, they became very familiar, and feemingly fond of each other. -

-When the bitch became firft in heat, I could not get a proper dog ; but

about the latter end of September, fhe being again in the fame ftate, fe-

veral dogs were procured, and left with her. They appeared indifferent

about her, probably from being in a ftrange place ; nor did fhe feem in-

clined to be familiar with them. One was a large dog, which might not

perhaps be able to line her ; but flie was twice tied by a terrier, on the

third of Oftober. In a few weeks fhe was evidently bigger ; and on the

30th of November, in all fifty-nine days, brought forth five puppies. A
few days before this period, fhe dug a hole in the ground, by the fide of

her kennel, in which fhe littered ; and it was fome time before (he would

allow the puppies to ftay iii the kennel when put there. Some of theie

tegan to open their eyelids in about eight, others of them in nine days.

Here then being an abfolute proof of the jackal being a dog ; and the

wolf being equally made out to be of the fame fpecies ; it now therefore

becomes a queftion, whether the wolf is from the jackal, or the jackal,

from the wolf, (fuppofing them but one origin) ? From the fuppofition,

that varieties become more tame in their nature than the originals, we

fhould be led to believe the wolf to be the original, and that the jackal

was a fiep towards civilifation in that fpecies of animal, and that there-

fore the jackal fhould be confidered as a variety of the wolf. There are

wolves of various kinds, each country having a kind peculiar to itfelf 3

but the jackals that I have feen have been more uniform in refemblance
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to each other ; probably becaufe only to be found in one country, the

Eafl-Indies. I am informed, however, that they vary in fize. Whether

the wolves of different countries are of one fpecies, or fome of them only

of the fame genus, I do not know ; but I fhould rather flippofe them to

be all of one fpecies. An argument with me in favour of this fuppofi-

tion is, that, if there were wolves of diftindl fpecies, we fliould have had

by this time a great variety of every fpecies of wolf, with the various

difpofitions arifing from variation in other refpedls ; and thofe varieties

would now have been turned to very ufeful purpofes, as in the cafe of the

dog } for all the wolves we are yet acquainted with, fhould have naturally

the principle of cultivation in them, (as much probably as any animal)

as much at leaft as thofe wolves we npw know by the name of dogs.

The not having a civilifed fpecies with all the charafteriftics of the wolf

is, indeed, with me a proof that they are all of the fame fpecies with the

dog. If they are all of the fame fpecies with the dog, then the firft vari-

ety that took place would be fcill in the charadler of a wolf, differing only

in colour, or fome trivial circumflance, which could only arife from a dif-

ference in climate. The wolf is naturally, I believe, the inhabitant of

cold climates, and little variety could take place while it remained in fuch

a fituation : but if the jackal was originally a wolf, which had ftrayed by

accident more to the fouthward, a greater variation from the genuine cha-

racter might be produced, the difference of climate, and perhaps of food,

becoming caufes of variety. By continuing to inhabit a warm climate,

this circumftance would in time lofe part of its influence on the ani-

mal, and the jackal would admit of little more variety. This, however,

is a point not now to be determined, it being difficult (perhaps impofTible)

to fay, where the wolf became jackal, or (what we call) dog; and, as dogs

differ much from ojie another, what particular dog may be conlidered as

the firft remove ; or whether the jackal is the intermediate link connect-

ing the v/olf and dog. In any cafe, we may reckon three great varieties

in this fpecies, wolf, jackal, and dog ; which again branch into their re-

fpedlive lefs obvious varieties. If the dog proves to be the wolf tamed,

the jackal maj probably be the dog returned to its wild flate; which leads
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to another curious queftion : whether, as animals vary from climate, cul-

tivation, or what may be called differences in mode of living, they would

return to their genuine charadier if allowed to go wild again in the origi-

nal country ?

To afcertain the original animal of a fpecies, all the varieties of that

ipecies (hould be examined, to fee how far they have the charader of the

genus, and what refemblance they bear to the other fpecies of the genus ;

for it is natural to fuppofe, that the original animal, or that which 13

nearefl: to it, will have more of the true charader of the genus, and a

ftronger refemblance to the fpecies neareil allied to it, than any of the

other varieties of its own ipecies.

If we apply this to the dog, and conlider the fox as a diflindt fpecies,

which there is great reafon to believe it is, that variety which has the

greateft refemblance to the fox, is to be looked upon as the original of

all the others ; which will prove to be the wolf.

Another mode of confidering this fubjed, which is however fecondary

to the above, is by fuppofing that all animals were at firft wild^ and,

therefore, that thofe animals which remain wild, are the original flock j

and that when we find animals far removed from their originals in appear-

ance, the variation takes place in confequence of cultivation ; yet fo that

we can flill trace the gradation. "What gives fome force to this idea is^

that where the dogs have been leafl cultivated, there they ftill retain moft /

of their original charader, or iimilarity to the wolf or the jackal, both in

fiiape and difpofition. The fhepherd's dog, all over the world, has flrongly

the charader of the wolf or jackal j fo that but little difference is to be

obferved, except in fize and hair. That of fize may perhaps take place

under a variety of circumftances ; but difference in hair is, in general, al-

though not always, influenced by climate. Thus the wolf has longer

and fofter hair than the jackal, becaufe a more northern animal i while

the jackal of the Eaft, and iliepherd's dog in Portugal and Spain, have

fhorter and ftronger hair than thofe of Germany or Kamfchatka, from in-

habiting wanner climates. But when we confider their general fhape,

the charader of countenance, the quick manner with the pricked and ered

X
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ears, we muft fuppofe them varieties of the fame fpecies. The fmelling at

the tale has been mentioned as charaderiftic of the dog ,- but, I believe, k

is common to moft animals, and only marks the male ; for it is the moil

certain way the male has of knowing the female ; and by another fcent

difcovering whether the female is difpofed to receive the male, which is

perhaps the final intention.

The Efquimaux dog, and that found among the Indians as far fouth as

the Cherokees ; the fhepherd's dog in Germany, called Pomeranian ; the

{hepherd's dog in Portugal and Spain ; have all a ftrong fimilarity to the

wolf and jackal.

Buffon, on the origin of dogs, feems to have had nearly the fame idea ;

for he fays the fhepherd's dog is the original ftock from which the diffe-

rent kinds of dog have fprung.

As the wolf turns out to be a dog, it feems aflonifhing, that there was

no account of dogs being found in America. But this I confider as a

defed: in the firfl hiflory of that country, as there are wolves ; and I mufl

think, in fpite of all that has been faid to the contrary, that the Efqui-

maux and Indian dog is only a variety from a wolf of that country, which

had been ta!med. Mr. Cameron, of Titchfield-flreet, who was many-

years among the Cherokees, and confiderably to the weflward of that

country, obferves, that the dog found there much refembles the wolf j and

that the natives confider it to be a fpecies of tame wolf ^ but as we come

more among the Europeans who have fettled there, the dogs are more of a

mixed breed. Why the Cherokees fhould have had only this kind of dog

tranfported among them, while every other part of America has the varie-

ties of Europe, is not eafily folved.

The voice of animals is commonly charaderiflic of the fpecies ; but I

fhould fuppofe it to be only charadleriflic of the original fpecies, and not

always of the variety, and the fuppofition holds good in the dog fpecies.

Dogs may be faid to have a natural voice, and a variation, arifing either

from a variety having taken place in the fpecies, or a kind of imitation.

It would appear, that the voice of the wolf and the jackal is very fimilar,

being the natural voice, and is principally conveyed through the nofe, and
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exadly refembling that noife in dogs, which is a mark of longing or

melancholy, and alfo of fondnefs ; but having no refemblance to the bark

of the dog, which they do not perform. However, in catching a jackal,

when the animal found it could not efcape, it yelped like the dog, which

is a kind of barking, and which is, probably, the natural found. Barking

is peculiar to certain varieties of the dog kind, and even of thofe that

bark, fome do it lefs than others. The dogs in the South-fea iflands do

not bark : our greyhound barks but little -, while the maftiff, and many of

the fmaller tribe, as fpaniels, are particularly noify in this way. There is

reafon to believe, that the frequency of this noife may arife from imita-

tion; for the dogs in the South-fea iflands learn to bark ; the half-bred

jackal barked j and fo did the half-bred wolf, although but little j and

others, as the hound, have a peculiar howl, by huntfmen, called the tongue j

which noife, and the barking alfo, are both made by opening the mouth.

A variety in the voice, or fome parts of the voice, in varieties of the fame

Ipecies, is not peculiar to the dog.

It is a curious circumilance that variety not only takes place in colour

and form, from the change of habits in the parents j but that the dif-

pofitions are alfo changed -, and that the difpofitions are moft commonly

changed in fuch a way as appears beil adapted to the form of the animal.

The change in the habits of the parent-animal, arife principally fromi

its connedion with the human kind, which has now fucceeded in training

dogs, fo as to fit them, both in body and mind, for almoft every purpofe

of human ceconomy j as if man himfelf had formed them expreflly with

fuch intention i while, at the fame time, he can only he confidered a&

an occafional caufe. For we may ohferve, that all the males of the

wolf kind are nearly the fame, and fo are likewife thofe of the jackal j

having little or no variety jn their diipofitions, Thofe of the half-

breed, and even thofe that are three removes, although tamej yet they have

not the docility of dogs, nor are they fo immediately at the command of

the human will ; neither are they perfectly fatisfied with an ?trtificial

life, having, when left to themfelves^ a propenfity to fall back into their

original inftinftive principles.
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The following account from Mr. Jenner of Berkley, to whom I gave a

fecond remove, viz. three parts dog, is very defcriptive of this propenfity.

" The little jackal-bitch you gave me is grown a fine handfome ani-

mal ; but fhe certainly does not poffefs the underflanding of common
dogs. She is eafily loft when I take her out, and is quite inattentive to

a whiftle. She is more fhy than a dog, and ftarts frequently when a

quick motion is made before her. Of her inches fhe is uncommonly

fleet, much more fo than any dog I ever faw. She can turn a rabbit in

the field ; fhe is fond of flealing away and lying about the adjacent

meadows, where her favourite amufement is hunting the field-moufe,

which fhe catches in a particular manner."

As animals are known to produce young which are different from

themfelves in colour, form, and difpofitions, arifing from what may be

called, the unnatural mode of life, it fliews this curious power of accom-

modation in the animal oeconomy, that although education can produce

no change in the colour, form, or difpofition of the animal ; yet it is cap-

able of producing a principle which becomes fo natural to the animal,

that it fhall beget young different in colour and form ; and fo altered ir*

difpofition, as to be more eafily trained up to the offices in which they

have been ufually employed ^ and having thefe difpofitions fuitable to fuch

change of form.

It alfo becomes a queflion, whether they would not go back again to

their original ftate, if put into the fituation of the original from whence

they fprang ; or acquire a form refembling the original of that country

where they are placed ? I do not conceive that they muft neceffarily go

back through the fame changes ; but I have fome reafon to fuppofe they

would gradually return to a refemblance of that original. And it would

be difficult to prove, whether in many of the gradations they are pro-

greffive or retrograde. But this is a fubjeffc that requires particular

attention and inveftigation, and upon which 1 hope, fome time or other',

to be able to throw more light.
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AN EXPERIMENT TO DETERMINE THE EFFECT
OF EXTIRPATING ONE OVARIUM UPON THE
NUMBER OF YOUNG PRODUCED.

N all animals of diftinft fex, the females, thofe of the bird kind ex-

cepted, have, I believe, two ovaria, and of courfe the ovidudts are in

pairs.

By diftindt fex I m.ean when the parts deflined to the purpofes of gene-

ration are .of two kinds, each kind appropriated to an individual of each

fpecies, diftinguifhed by the appellation of male and female, and equally

necelTary to the propagation of the animal ; the tefticles, with their ap-

pendages, conftitute the male ; the ovaria, and their appendages, the

female fex.

As the ovaria are the organs which, on the part of the female, furnifh

what is necelTary towards the produdlion of the third, or young animal ;_

and as females appear to have a limited portion of the middle ftage of

life allotted for that purpofe ; it becomes a queftion, whether thofe organs

are worn out by repeated adts of propagation ; or whether there is not a

natural and conftitutional period to that power on their part, even if fuch

power has never been exerted ? If we conlider this fubjedl in every view,

taking the human fpecies as an example, we fliall difcover that circum-

ftances, either local or conftitutional, may be capable of extinguifhing in

the female the faculty of propagation. Thus we may obferve when a

woman begins to breed at an early period, as at fifteen, and has her chil-

dren faft, that die feldom breeds longer than the age of thirty or thirty-

five ; therefore we may fuppofe, either that the parts are then worn out,

or that the breeding conllitution is over. If a woman begins later, as at

twenty or twenty-five, Ihe may continue to breed to the age of forty or

more j and there are, now and then, inftances of women, who, not having
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conceived before, have had children as late in life as at fifty years or up-

wards. After that period few women breed, even though they fliould not

have bred before ; therefore, there muft be a natural period to the power

of conception. A fimilar flop to propagation may likewife take place in

other claffes of animals, probably in the female of every clafs, the period

varying according to circumftances ; but ftill we are not enabled to deter-

mine, how far it depends on any particular property of the conftitution, or

of the ovarium alone.

As the female of mofi: claffes of animals has two ovaria, I imagined,

that by removing one it might be poflible to determine how far their ac-

tions were reciprocally influenced by each other ; from the changes which

by comparifon might be obferved to take place, either by the breeding

period being fliortened, or perhaps, in thofe animals whofe nature it is to

bring forth more than one at a time, by the number produced at each

birth being diminifhed.

There are two views in which this fubjedl may be confidered. The
firfl, that the ovaria, when properly employed, may be bodies determined

and unalterable refpefting the number of young to be produced. In this

cafe we can readily imagine, that, when one ovarium is removed, the

other may be capable of producing its determined number in two different

ways : one, when the remaining ovarium not influenced by the lofs of

the other, will produce its allotted number, and in the fame time : the

other, when affedted by the lofs, yet the conftitution demanding the fame

number of young each time of breeding, as if there were ftill two ovaria j

it mufl: furnifh double the number it would have been required to fupply,

had both been allowed to remain ; but muft confequcntly ceafe from the

performance of its fundlion in half the time. The fecond view of the

fubjedl is by fuppofing, that there is not originally any fixed number

which the ovarium muft produce, but that the number is increafed or di-

minifhed according to circumftances ; that it is rather the conftitution at

large that determines the number ; and that, if one ovarium is removed,

the other will be called upon by the conftitution to perform the opera-

tions of both, by which means the animal ftiould produce, with one ova-



OF THE QVARIA. I59

rium, the fame number of young as would have been produced if both

had remained.

With an intention to afcertain thofe points, as far as I could, I was led

to make the following experiment ; and for that purpofe gave pigs a pre-

ference to any other animal, as being eafily managed, producing feveral

at a litter, and breeding perfedlly well under the confinement neceflary for

experiments. I feledled two females of the fame colour and lize, and

likewife a boar-pig, all of the fame farrow ; and having removed an ova-

rium from one of the females, I cut a flit in one ear, to diftinguilli it from

the other : they were well fed and kept warm, that there might be no

impediment to their breeding ; and whenever they farrowed, their pigs

were taken away exadlly at the fame age.

About the beginning of the year 1779, they both took the boar; the

one which had been ipayed, earlier than the perfetS female. The diftance

of time, however, was not great, and they continued breeding at nearly

the fame times. The fpayed animal continued to breed till Septem-

ber 1783, when flie was fix years old, which was a fpace of more than

four years. In that time flie had eight farrows ; but did not take

the boar afterwards, and had in all feventy-fix pigs. The perfedl one

continued breeding till December 1785, when fhe was about eight years

old, a period of almoft fix years, in which time fhe had thirteen farrows,

and had in all one hundred and lixty-two pigs ; after this time fhe did

not breed : I kept her till November 1786.

I have here annexed a table of the different times of each farrow, with

the number of pigs produced.
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SPAYED SOW.

\

/

(

Farrows. Number of young. Time.

I 6 Dec. 1779.

2 8 July 1780.

3 6 Jan. 1 78 1.

4 lO Aug. 178 1.

5 lO Mar. 1782.

6 9 Sept. 1782.

7 H May 1783.

8 13 Sept. 1783.

76
November following fhe was put to the boar, but brought no pigs.

April 1784, fhe was again put to the boar, without effed:, and never was

obferved to take the boar afterwards, although often with him. Novem-

ber 1784, ihe was killed.

PERFECT sow.

"arrows. Number of young. Time.

I

2
9
6

3

4

i

8

13
10

16

Dec. 1781.

June 1782.
Dec. 1782.

7
8

13

12

June 1783.

Odl. 1783.

87 ~

Eleven pigs more than were produced by the fpayed fow in her eight

farrows.
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Farrows. Number of young. Time.

9 12 Feb. 1784.

lO 16 June 1784.

II 12 Dec. 1784.

12 16 May 1785.

13 19 Dec. 1785.

75

After which flie bred no more.

The firft eight farrows were . .

The lall five farrows were . . •

Total ,....,.
The number from the fpayed one

More than farrowed by the imperfedt animal

87

75

162

76

86

It is obfervable, that both fows rather increafed in their number each

time as they grew older, although not uniformly ; the difference betweea

the firft and laft in both animals being confiderable.

From the above table we find, that the fow with only one ovarium bred

till (he was fix years old, from the latter end of 1779 till September 1783,

about four years, and in that time brought forth feventy-fix pigs. The
perfedl animal bred till fhe was eight years of age ; and if conception de-

pended on the ovaria, we might have expedted, that fhe would bring forth

double the number at each birth ; or, if not, that fhe would continue

breeding for double the time. We indeed find her producing ten more

than double the number of the imperfedl animal, although fhe had not

double the number of farrows -, but this may, perhaps be explained by

obferving that the number of young increafed as the female grew older,

and the perfedl fow continued to breed much longer than the other.

Y
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From a clrcumftance mentioned in the courfe of this experiment it ap-

pears, that the defire for the male continues after the power of breeding

is exhauiled in the female ; and therefore does not altogether depend on

the powers of the ovaria to propagate ;, although it may probably be in-

fluenced by the exiftence of fuch parts.

If thefe obfervations fhould be confidered as depending on a fingle ex-

periment, from which alone it is not juflifiable to draw conclufions, I

have only to add, that the difference in the number of pigs produced by

each was greater than can be juftly imputed to accident, and is a circum-

ftance certainly in favour of the univerfality of the principle I wifhed to

afcertain*.

From this experiment it feems moft probable, that the ovaria are from

the beginning deftined to produce a fixed number, beyond which they

cannot go, although circumftances may tend to diminifli that number

;

but that the conftitution at large has no power of giving to one ovarium

the power of propagating equal to both ; for in the prefent experiment,

the animal with one ovarium produced ten pigs lefs than half the number

brought forth by the fow with both ovaria. But that the conftitution has

£o far a power of influencing one ovarium, as to make it produce its num-

ber in a lefs time than would probably have been the cafe if both ovaria

had been preferved, is to be inferred from the above recited experiment.

* It may be thought by fome, that I fliould have repeated this experiment ; but an annual'

cxpence of twenty pounds for ten years, and the neceflary attention to make the experiment

complete, will be a fuSicient reafon for my not having done it.
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ON THE STRUCTURE OF THE PLACENTA.

THE connexion between the mother and fcetus in the human fub-

je6t, has in every age, in which fcience has been cultivated, called

forth the attention of the anatomift, the phyfiologifl, and even the philo-

fopher ; but both that connedion and the ftrufture of the parts vv^hich

form the connection, were unknown till about the year 1754. The fub-

jed: is certainly moft interefling, and the difcovery important ; and it is

my intention, in the following pages, to give fuch an account of it as I

hope may be acceptable to the public * ; while, at the fame time, I efta-

blifh my own claim to the difcovery. But that I may not ieem to arro-

gate to myfelf more merit than I am entitled to, let me, in juftice to

another perfon, relate what follows.

The late indefatigable Dr. Mc. Kenzie, about the month of May 1754,

when affiflant to Dr. Smellie, having procured the body of a pregnant

woman, who died undelivered at the full term, had injefted both the veins

and arteries with particular fuccefs ; the veins being filled with yellow^

the arteries with redt.

Having opened the abdomen, and expoied the uterus, he made an inci-

fion into the fore part, quite through its fubftance, and came to what

feemed to be an irregular mafs of injedled matter. The appearance being

new, he proceeded no further, and greatly obliged me, by defiring my at-

tendance to examine parts, in which the appearances were fo uncommon^

The examination was made in his prefence, and in the prefence of feveral

* This Paper was read at the Royal Society j but as the fa£ts had, before that time, been

given to the public, it was not publifhed in the Philofophical TranfaiSions.

f Dr. Mc. Kenzie being then an afliftant to the late Dr. Smellie, the procuring and dif-

fering this woman, without Dr. Smellie's knowledge, was the caufe of a feparation between

them : for the leading fteps to fuch a difcovery could not be kept a fecret. The winter fol-

lowing, Dr. Mc. Kenzie began to teach midwifery in the Borough ©f Southwark.
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Other gentlemen, whofe names I have now forgotten j but I have reafbn

to believe that feme are fettled in this country, who I hope w^ill have an

opportunity of perufing this publication*.

I firft raifed, with great care, a part of the uterus from the irregular

mafs, and in doing this, obferved regular pieces of wax paffing obliquely

between it and the uterus, which broke off, leaving part attached to that

mafs ; and on attentively examining the portions towards the uterus, they

plainly appeared to be a continuation of the veins pafTing from it to this

fubftance, which proved to be placenta.

I likewife obferved other veiTels, about the fize of a crow-quill, paffing

in the fame manner, although not fo obliquely ; thefe alfo broke upon fe-

parating the placenta and uterus, leaving a fmall portion on the furface

of the placenta ; and on examination they were difcovered to be continu-

ations of the arteries of the uterus. My next flep was to trace thefe vef-

fels into the fubftance of what appeared placenta, which was firft attempted

in a vein ; but that foon lofl the regularity of a veifel, by terminating at

once upon the furface of the placenta in a very fine fpongy fubftance; the

interftices of which were filled with the yellow injefted matter. This ter-

mination being new, I repeated the fame kind of examination on other

veins, which always led me to the fame terminations, never entering the

fubftance of the placenta in the form of a veifel. I then examined the

* If I fliould be fo fortunate as to have this publication fall into any of thole gentlemens

hands, I hope they will favour me with their opinion of my ftate of the fafts, which led to the

difcovery.

It may be fufpeded by feme, (but none I hope to whom 1 have the pleafure of being known)

that I am not doing Dr. Mc. Kenzie juftice, and am perhaps fupprefling fome part of that

fhare of the difcovery to which he is entitled. This idea, (if ever it Ihould arife) I may,

probably not be able to remove ; but I hope it will alfo be feen, that I myfelf have given rife

to it ; believing, if I had been fo inclined, that I might have fupprefled Dr. iVlc. Kenzie's name

altogether, without ever running the hazard of being detefled. I was indeed fo tenacious of

my claim to the difcovery, that I wrote this account in Dr. Mc. Kenzie's life-time, with a

delign to publiih it; and often communicated my intentions to Dr. George Fordyce, who I

knew was very intimate with the Dodor, in confequence of both teaching in the fame place,

and making many experiments together ; therefore he is a kind of collateral witnefs, that what

I now publiih is the fame account which I gave in Dr. Mc. Kenzie's life-time.
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arteries, tracing them in the fame manner towards the placenta, and found

that, having made a twift, or clofe fpiral turn upon themfelves, they were

loft on its furface. On a more attentive view, I perceived that they ter-

minated in the fame way as the veins ; for oppofite to the mouth of the

artery, the fpongy fubftance of the placenta was readily diftinguiihed with

the red injedion intermixed.

Upon cutting into the placenta I difcovered, in many places of its fub-

ftance, yellow injediion, in others red, and in many others thefe two co-

lours mixed. The fubftance of the placenta, now filled with inje<5tion,

had nothing of the vafcular appearance, nor that of extravafation, but

had a regularity in its form which ftiowed it to be naturally of a cellular

ftrudure, fitted to be a refervoir for blood.

I perceived likewife, that the red injection of the arteries, (which had

been firft injeded) had paffed out of the fubftance of the placenta into

fome of the veins leading from the placenta to the uterus, mixing itfelf

with the yellow injedlion ; and that the fpongy chorion, called the deci-

dua, by Dr. Hunter, was very vafcular, its vefTels going to and from the

uterus, being filled with the different coloured injedlions.

After having confidered thefe appearances, it was not difiicult for me
to determine the real ftrufture of the placenta and courfe of the blood in

thefe parts : but the company, prejudiced in favour of former theories,

combated my opinion ; and it was even difputed, whether or not thefe curl-

ing arteries could carry red blood. After having difled:ed the uterus, with

the placenta and membranes, and made the whole into preparations, tend-

ing to £how the above fads, I returned home in the evening, and commu-

nicated what I had difcovered to my brother. Dr. Hunter, who at firft

treated it and me with good humoured raillery ; but on going with me to

Dr. Mc. Kenzie's he was foon convinced of the fad. Some of the parts

were given to him, which he afterwards ftiowed at his ledures, and prob-

ably they ftill remain in his colledion.

Soon after this time. Dr. Hunter and I procured feveral placentcC, to

difcover if, after delivery, the termination of the veins, and the curling ar-

teries, could be obferved : they were difcernible almoft in every one j and
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by pufliing a pipe into the placenta, we could fill not only its whole fub-

fiance, but alfo the veffels on that furface which was attached to the ute-

rus, with injeftion.

The fad;s being now afcertained, and iiniverfally acknowledged, I con-

fider myfelf as having a juft claim to the difcovery of the ftrufture of

the placenta, and its communication with the uterus ; together with the

ufe arifing from fuch ftrudture and communication, and of having firft de-

monftratcd the vafcularity of the fpongy chorion.

It is not neceffary at prefent to enter into the various opinions which

have been formed on this fubjedt ; becaufe, v/hatever they were, they

could not be juft, the flrudlure of the parts not being known : neither

fhall I endeavour to give a complete defcription of all the parts immedi-

ately connected with uterine geftation, but content myfelf with defcribing

the flrudture of the placenta, as far as it has any relation to tlie uterus

and child ; and with explaining the connexion between the two ; leaving

the reader to examine what has been faid upon this fubjedt by others,

efpecially by Dr. Hunter, in that very accurate and elaborate work which

he has publiihed on the Gravid Uterus, in which he has minutely de-

fcribed, and accurately delineated the parts, without mentioning the mode

of difcovery.

The neceffary conncdlion fublifting in all animals between the mother

and fostus, for the nourilliment of the latter, as far as I know, takes

place in two ways. In fome it is continued, and fubfifts through the

whole term of geflation ; in others the union is foon diflblved ; but an

apparatus is provided, which at once furnifhes what is fufEcient for the

fupport of the animal till it comes forth.

The firft of thefe are the viviparous, the fecond the oviparous animals,

both of which admit of great variety in the mode by which the fame

effed is produced*. In the firft divifion is included the human fpecies,

* It may be remarked here, that the oviparous admit of being diftinguifhed into two clafles,

one where the egg is hatched in the belly, as in the viper, which has been commonly called

viviparous ; the others, where the eggs have been firft laid and then hatched, which is the

clafs commonly called oviparous, fuch as all the bird tribe; and many others, as fnakes,

lizards, &c. ^
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which alone will engage our prefent attention. But before I defcribe this

connexion, it may be neceflary that the reader fhould underftand my idea

of generation : I fhall therefore refer him to what I have faid upon that

fubjed: in my account of the free martin*.

In the human fpecies, the anatomical ftrudture of the mother and em-

bryo, relative to foetation, being well known, it will only be neceffary

fully to defcribe the nature of the connexion between them, which is

formed by the intermediate fubftance, called placenta. For this purpofe

we muft firfl confider the placenta as a common part ; next, the uterus

as belonging to the mother, yet having an immediate connedlion with the

placenta, from which the nouriihment of the foetus is to be derived ;

which will lead us laflly to a confideration of thofe peculiarities of flruc-

ture, by means of which the foetus is to receive its nourifhment, and

which likewife conftitutes its immediate communication with the pla-

centa. It is the ftrudlure of this intermediate fubftance, and its connec-

tion with the child and the uterus of the mother, which have hitherto

been fo little underilood ; and without an accurate knowledge of which,

it was impoiTible any juft idea could be formed of its funftions.

The placenta is a mafs lying nearly in contact with the uterus ; indeed

it may in fome degree be faid to be in continuity with a part of its inter-

nal furface. On the fide applied to the uterus the placenta is lobulated,

having deep irregular fiflures. It is probable, from this ftrudure of the

placenta, that the uterus has an inteftine motion while in the time of

uterine geftation ; not an expulfive one, which thofe lobes of the placenta

allows of j but all thefe lobes are united into one uniform furface on that

furface next to the child, where its umbilical velTels ramify. When we cut

into the placenta, its whole fubftance appears to be little elfe than a net-

work, or fpongy mafs, through which the blood-veffels of the foetus

ramify, and indeed feems to be principally formed by the ramifications of

thofe vefTels y it exhibits hardly any appearance of conneding membrane j

* Vide page 55.
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but wc cannot readily fuppofe it to be without fuch a membrane, as there

is fo much regularity in its texture. The cells, or interftices of each

lobe communicate with one another, even much more freely than thofe

of the cellular membrane in any other part of the body ; Co that whatever

fluid will pafs in at one part, readily diffufes itfelf through the whole

mafs of lobe ; and all the cells of each lobe have a communication at

the common bafe.

This ftrudlure of the placenta, and its reciprocal communication with

the two bodies with which it is immediately connedted, form the union

between the mother and foetus for the fupport of the latter. Prior to the

time I have mentioned above, anatomifls feem to have been wholly un-

acquainted with the true llrufture of placenta. By notes taken from

Dr. Hunter's ledures, in the winter 1755-6, it appears that he exprefled

himfelf in the following manner*. " The fubftance of the placenta is a

flefhy mafs, which feems to be formed entirely of the vefTels of the umbi-

lical rope." In another part, mentioning the appearances when injected,

he fays ; " and upon a flight putrefadion coming on, you will find the

whole appearing like a mafs of vefl'els" : then fays, " there is always a

white uninjedted fubfl:ance between the vefl'els ; but whether lymphatics

or what I cannot tell." This uninjedted fubftance, mentioned by Dr.

Hunter, is what forms the cellular fl;ru6ture.

The placenta feems to be principally compofed of the ramifications of

the vefl"els of the embryo, and may have been originally formed in confe-

quence of thofe next to the uterus laying hold by a fpecies of animal at-

tradtion of the coagulable lymph which lines the uterus. It might take

place in a manner refembling what happens when the root of a plant

Ipreads on the furface of moift bodies ; with this difference, that in the

* Thefe quotations were taken from Mr. Galhie's MS. of Dr. Hunter's leflures, who is

one of the gentlemen that favoured Dr. Hunter, upon a former occafion, with the ufe of his

notes. Vide Dr. Hunter's Commentaries.
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prefent inftance the veffels form the fubftance through which they ramify,

as in the cafe of granulations.

At the time, or perhaps before the female feed enters the uterus, coagu-

lable lymph, from the blood of the mother, is thrown out every where

on its inner furface, either from the ftimulus of impregnation taking

place in the ovarium-, or in confequence of the feed being expelled from

it. But I think the firfl the moft probable fuppofition ; for we find in

extra-uterine cafes, that the decidua is formed in the uterus, although the

ovum never enters it j which is a proof that it is produced by the fli-.

mulus of impregnation in the ovarium ; and that it is prior to the enter-^

ance of the ovum into the uterus. When it has entered the uterus,

it attaches itfelf to that coagulable lymph, by which, being covered and

immediately furrounded*, there is formed a foft pulpy membrane, the

decidua, which, I believe, is peculiar to the human fpecies, and to mon-

keys, I never having found it in any other animal. That part vvhich

covers the feed or fcetus, where it is not immediately attached to the

uterus, and likewife forms a membrane, was difcovered by Dr. Hunter,

and is by him called decidua reflexat. The whole of this coagulable

lymph continues to be a living part for the time ; the veifels of the ute-

rus ramify upon it ; and where the veifels of the foetus form the placen-

ta, there the veffels of the uterus, after paffmg through the decidua, open

* This is fomewhat {imilar to another operation in the animal ceconomy. If an extraneous

living part is introduced into any cavity, it v/ill be immediately enclofed with coagulable

lymph. Thus we find worms inclofed, and hydatids, that have been detached, afterwards

inclofed ; but in thofe cafes this is a confequence of the prelTufe of the extraneous body j

whereas in the uterus it is preparatory.

f The placenta is certainly a foetal part, and is formed on the infide of the fpongy chorion,

or decidua. How far the decidua reflexa is a uterine part, I do not yet know ; if it is, then

the ovum mufl: be placed in a doubling of the coagulum, which forms the decidua ; but if the

ovum is attached to the infide of the decidua, then the decidua reflexa is belonging to the

foetus.

Z
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into the cellular fubftance of the placenta, as before defcribed. As this-

membrane lines the uterus and covers the feed, it is flretched out, ani

becomes thinner and thinner, as the uterus is diftended by the foetus

growing larger, efpecially that part of it, called decidua reflexa, which

covers the foetus ; as there it cannot poffibly acquire any new matter,

except we could fuppofe that the foetus aflifted in the formation of it.

This membrane is rrioft diftinft where it covers the chorion ; for where

it covers the placenta it is blended with coagula ia the great veins that

pafs obliquely through it, more efpecially all round the edge, where in-

numerable large veins come out ; but the chorion and decidua can be,

eafily diftinguifhed from one another, the decidua being lefs elaftic.

From the defcription now given, I think we are juftified in fuppofing

the placenta to be formed entirely by the foetus, which is farther con-

firmed by extra-uterine cafes, and by the formation of the membrane in

the egg ; there being no Hving organic part to furnifh them ; and the:

decidua we mufl fuppofe to be a produd;ion of the mother ; of both

which, the circumftance of the decidua paffing between the placenta and

uterus, may be confidered as an additional proof. For if the veflels.

of the foetus branched into a part of the decidua, we might conceive

the whole placenta to be formed from that exudation ; the portion of

it, where the veffels had ramified, like the roots of a plant, becoming-

thicker than the reft, and forming the placenta. If that were the cafe,

this membrana decidua, when traced from the parts diftindt, and at a

diftance from the placenta, lliould be plainly feen paffing into its fub-

ftance all round at the edges, as a continuation of it. But the fad is

quite otherways ; for the decidua can be diflindlly traced between the

placenta and uterus, hardly ever paffing between the lobuli :. the veiTels

of the foetus never entering into it, and of courfe none of them ever com-

ing in abfolute contad; with the uterus. But what may be confidered as

fiill a ftronger proof that the decidua is firnifhed by the uterus, is, that

in cafes of extra-uterine conception, where the fcetus is wholly in the

ovarium or Fallopian tube, we find the uterus lined with the decidua.
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having taken on the uterine aftion ; but no placenta, that being formed

by the foetus, and therefore in the part which contained it.

The veiTels of the foetus adhering, by the intervention of the decidua,

to a certain portion of the uterus when both are yet fmall, as the uterus

increafes in every part of its furface during the time of uterine geftation,

we muft fuppofe that this furface of adhefion increafes ahb j aqd that by

the elongation of thofe veflels of the foetus in every diredion, this fub-

ftance fhould likewife be increafed in every diredion : this is in fome de-

gree the cafe, yet the placenta does not occupy fo much of the enlarged,

furface of the uterus as one at firft would expeft.

The veflels of the uterus in the time of the geftation, are increafed in

lize nearly in a proportion equal to the increafed circumference of the

uterus, and confequently in a proportion much greater than the real in-

creafe of its fubftance. But when we refled; that the uterus ought not to

be confidered as hollow, but as a body nearly folid, on account of its con-*

tents, which derive fupport from this fource, and that a much greater

quantity of blood muft neceflarily pafs than what is required for the fup-

port of the vifcus itfelf, we cannot be at a lofs to account for the greatly

increafed fize of its veflels.

The arteries which are not immediately employed in conveying nou-

rifliment to the uterus, go on towards the placenta, and proceeding ob-

liquely between it and the uterus, pafs through the decidua without rami-

fying J juft before they enter the placenta, after making two or three clofe

fpiral turns upon themfelves, they open at once into its fpongy fubftance

without any diminution of fize, and without pafling beyond the furface, as

above defcribed. The intention of thefe fpiral turns would appear to be

that of diminifliing the force of the circulation in the veiTels as they ap-

proach the fpongy fubftance of the placenta, and is a mechanifm calcu-

lated to leflen the quick motion of the blood in a part where a quick

motion was not required. Thefe curling arteries at this termination are

in general about half the iize of a crow's quill, and fometimes larger.
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The veins of the uterus appropriated to bring back the blood from
the placenta, commence from this fpongy fubftance by fuch wide be-

ginnings, as are more than equal to the fize of the veins themfelves.

Thefe veins pafs obliquely through the decidua to the uterus, enter its

fubftance obliquely, and immediately communicate with the proper veins

of the uterus. The area of thefe veins bear no proportion to their cir-

cumference, the veins being very much flattened.

This ftrudlure of parts points out at once the nature of the blood's mo-
tion in the placenta ; but as this is a fadt but lately afcertained, a juft

idea may perhaps be conveyed by faying, that it is fimilar, as far as we
yet know, to the blood's motion through the cavernous fubftance of the

penis.

The blood, detached from the common circulation of the mother,

moves through the placenta of the fcetus ; and is then returned back into

the courfe of the circulation of the mother to pafs on to the heart.

This' ftrudure of the placenta, and its communication with the uterus,

leads us a ftep further in our knowledge of the connedtion between the

mother and foetus j the blood of the mother muil pafs freely into the fub-

ftance of the placenta, and the placenta moft probably will be conftantly

filled ; the turgidity of which will affift to fqueeze the blood into the

mouths of the veins of the uterus, that it may again pafs into the com-

mon circulation of the mother : and as the interftices of the placenta are

of much greater extent than the arteries which convey the blood, the mo-

tion of the blood in that part muft be fo much diminiOied as almofl to

approach to ftagnation ; fo far and no further does the mother appear ta

be concerned in this connedlion. ..:j.i;;.ni .v-.i

The foetus has a communication with the placehta of another kind.

The arteries from the fostus pafs out to a confiderable length, under the

name of the umbilical arteries, and when they arrive at the placenta, ramify

upon its furface, fending into its fubftance branches which pafs through

it, and divide into fmalkr and fmaller, till at laft they terminate ia veins s
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thefe uniting, become larger and larger, and end in one, which at laft

communicates with the proper circulation of the fcEtus.

This courfe of vefiels, and the blood's motion in them, is fimilar to the

courfe of the veflels and the motion of the blood in other parts of the

bod)^

In addition to what I have faid about the conne(flion between the mo-
ther and child, in natural cafes, it is neceffary to obferve, that though the

uterus is appropriated for the fupport of the fcetus, as bell fitted for that

purpofe, yet it is not elTential to its growth j as any other part in which

the child may be fituated, is capable of receiving the fame provifionary

flimulus for fupplying it with nourifliment as the uterus ; and this, I be-

lieve, is peculiar to generation. This prompts me to make the following

obfervations upon the different fituations of the fcetus in extra-uterine

cafes, which are extraordinary, happen feldom, and when they do occur,

are often attended with fo many hinderances to critical invefligation, as

hardly to allow of thorough or fatisfadlory information.

Such cafes are readily diftinguifhed from natural ones, by the uterus

being found entire and empty ; and they may be divided into three dif-.

ferent kinds, according to the fituation of the fcetus in the ovarium, Falo-

pian tube, or in the cavity of the abdomen.

From a want of the appearances which ufually attend the natural pro-

cefs, the inveftigation of extra-uterine cafes is attended with conliderablc

difficulty. For where uncommon adlions have taken place, as well as in

cafes of difeafe, the natural texture of the parts is very much altered, and

appears to be lofl: ; not only by the parts themfelves being enlarged, but

from having a great deal of new matter fuperadded to them, by which

they lofe their natural diftinftnefs, and become lefs fitted for examination

than thofe which only have a relation to them, and which preferve their

natural actions peculiar to that ftate.

From thefe difficulties, and a want of accuracy in thofe who made the

examination, it is not at prefent clear, with refped: to many of the extra-

uterine cafes upon record, whether they were ovarian cafes, Falopian tube

cafes, or abdominal cafes • when, if they had been acquainted with the
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principle in which they differ, nothing could have been more eafy than to

diftinguilli them. It is not difficult, perhaps, at the very firft view, to di-

ftinguifli an abdominal cafe from either of the two firft : for if the ovaria

and Falopian tube are entire, natural, and can be well diftinguiflied to be

as thofe parts are when the circumftances are natural, then we may be

fure it is an abdominal cafe. Appearances, however, may not in all cales

be diftindl ; but the parts may adhere, or be otherwife rendered fo obfcure,

that an abdominal cafe might be confounded with either of the two firft

;

therefore it is efl'ential to have a charadleriftic difference eftabliflied be-

tween the two firft, and the third.

The invariable difference between the two firft, and the abdominal

cafes, will be in the velfels by which the child is nourifhed ; for the arte-

ries and veins belonging to the part in which the child is contained muft

be enlarged i which, being the increafe of a natural part, will be readily

afcertained, and the nature of the cafe as readily determined. We may
lay it down as a principle, that when the fpermatic artery, and veins of

either fide, is enlarged in an extra-uterine cafe, that the foetus is in the

ovarium or Falopian tube ; fince there are no other blood-veffels which

fupply thefe parts j and if any other fyftem of vefi^els, as the mefenteric,

are increafed in fize, while the fpermatic are in a natural ftate, we may,

with equal certainty, conclude the foetus to be contained in the general

cavity of the belly. As this becomes the great criterion, and as the fitu-

ation and time will not always allow very nice inveftigation on the fpot,

where the perfon employed has an opportunity of taking away the parts

concerned, I would advife his taking along with them the aorta and vena

cava, cut through above the origins of the fpermatic velfels.
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PLATE XIII.

A part of the uterus at the ninth month of utero-geftation, with a por-

tion of the placenta, to fhow the mode in which the blood-veflels of the

mother communicate with it.

A The fubftance of the uterus, feparated from the placenta, and turned

back.

B The furface of the placenta by which it is attached to the uterus,

covered by the decidua.

C The angle of refledion, at which the uterus is turned back upon it-

felf

D The edge of the placenta.

E The decidua covering the chorion.

Upon the furface of the uterus are to be feen the veins or finufes,

running in an oblique diredlion, filled with wax, and broken

off where they pafs through the decidua.

a a a a The arteries injeded and broken off as they pafs from the uterus

to the placenta.

b b b b The continuation of thefe arteries, which make feveral Ipiral

turns as they dip into the decidua, and afterwards terminate on.

the furface of the placenta.

C c c c The veins injecled and broken off where they pafs into the fub-

flance of the uterus,

d d d d The correfponding portions of the fame veins, where they pafs

from the placenta through the decidua.

€ e e e The blood-veffels, ramifying upon the decidua, broken off from

the uterus.
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OBSERVATIONS ON THE PLACENTA OF THE MONKEY.

Monkeys always copulate backwards j this is performed fometimes

when the female is flanding on all-fours ; and at other times the male

brings her between his thighs when he is fitting, holding her with his

fore paws.

The female has her regular periods for the male, but fhe has com-

monly too much complaifance ever to refufe him. They carry this flill

further, for they receive the male when with young, even when pretty far

gone ; at leafl this was the cafe v^^ith one of which I am going to give an

account.

A female monkey, belonging to Mr. Enderfbay, in the fummer 1782,

had frequently taken the male. The keeper obferved, that after the 21 ft

of June Ihe became lefs lively than ufual, although it was not fufpefted

that {he had conceived ; but fome time after appearing to be bigger in

the belly, it created a fufpicion of her being with young. Great atten-

tion was paid to her, and great care was taken of her. She went on

gradually increafing in lize ; and at laft fomething was obferved to move

in her belly at particular times, and the motion could even be felt through

the abdominal mufcles. She became indolent, and did not like to leap

or perform her ufual feats of acflivity. Towards the latter part of the

time, they perceived the breaft and nipple to have become rather fuller j

and that a kind of water could be fqueezed out at the nipple. Some time

before ihe brought forth, fhe became red about the hips and pofteriors

;

which rednefs extended to the infide of the thighs, it being now certain

that fhe was with young. I defired that fhe might be particularly at-

tended to when there were figns of approaching delivery, both on her own
account and that of the young one, and requefted the afterbirth might be

carefully preferved, as that part would afhft to afcertain, the mode of

uterine geftation. Thefe direftlons were attentively followed ; and when
A a
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in labour it was obferved, that {he had regular pains ; that when the

young one was in part come into the world, fhe affifted herfelf with her

fore paws j and that it came with the hind parts firft. This happened

on the 15th of December 1782, in all about fix months after conception;

and when fhe brought forth her young one, it fhowed figns of life, but

died immediately, owing, probably, to the unfavourable mode of its

being brought into the world. When delivered, fhe took the young one

up, and although it was dead, clafped it to her breaft.

The afterbirth was preferved entire, and was perfeftly fit for examina-

tion. It coniifted of placenta, with the membranes and navel-firing,

which all very much refembled the correfponding parts in the human
fubjedl, as will now be defcribed.

The placenta had the appearance of being divided into two oblong

bodies, united by their edges, each terminating in an obtufe point at the

other end, which were of courfe at fome little diftance from one another.

It is probable, that thefe two points were placed towards the openings

of the Fallopian tubes, where the uterus afTumes a form refembling two

obtufe horns-

The two lobes abovementioned, were made up of fmaller ones, united

clofely at their edges, which were more apparent and diflinft at fome

parts than at others. Some of thefe lobes were divided by fifTures which

feem to be derived from one centre ; while there were others near the

edges, pafTmg in a different diredion ; in which fifTures are placed veins

or finufes that receive the blood laterally from the lobes. The fubflance

of the placenta feems to be cellular, as in the human fubjed: ; this llruc-

ture allows a communication to be kept up between different parts of

each lobe, and the fmufes allowing of a communication between the dif-

ferent lobes of which the placenta is compofed, the blood pafTes into the

fifTures before it enters the veins ; in which refped: it differs from the hu-

man placenta.

The arteries from the uterus, on the furface of the placenta, were vifi-

ble, but too fmall to be injedtedj I cannot therefore fay how they termi-

nated in the placenta.
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The principal veins arofe in general from the fiflures beginning from

the furface, as in the human placenta j but befides thefe, there were other

fmall ones ; all which, we may fuppofe, pafs through the decidua and

enter the fubftance of the uterus, moft probably in the fame way as in the

human.

The membranes are the amnios, the chorion, and the membrana deci-

dua. Thefe appear to be much the fame as in the human, except that

the decidua is conliderably thicker, efpecially where it paifes between the

uterus and the placenta.

The navel-ftring in the monkey Is not proportionally fo long as In the

human -, and is very much, and very regularly twifted.

There is no urachus, and of courfe no allantois, not even the fmall li-

gament that appears to be a drawing in of the bladder at its attachment

to the navel, the bladder here being rounded.
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OBSERVATIONS ON THE GILLAROO-TROUT,
COMMONLY CALLED, IN IRELAND, THE
GIZZARD-TROUT.

ONE of the digeftive organs of the gillaroo-trout being fo very re-

markable as to have given name to the fifh, and to have been

confidered as its diflinguiihing charafteriftic j it is my intention to inquire

whether its refemblance to a gizzard be fufficiently flrong to render the

term of gizzard-trout a proper appellation, and what place its ftomach

ought to hold among the correfponding organs of other animals. For

this purpofe it will be neceffary to ftate certain fadts connedled with the

fubjeft ; and take a general view of the varieties which occur in the di-

geftive organs in different animals.

The food of animals may be divided into two kinds, what does, and

what does not, require maftication to facilitate digeftion. The flefli of

animals is of the latter kind j but grain, and many other fubftances which

ferve for aliment, require a previous grinding or trituration ; and therefore

animals living on this kind of food are furnifhed with organs for that

purpofe. Granivorous quadrupeds have the two powers, for maflication

and digeftion, feparate or diflinft from one another ; the firil being exe-

cuted by teeth, which ferve as fo many grindftones for reducing their

food to fmaller parts, before it is conveyed into the ftomach for digeftion j

but the form of thele teeth varies very confiderably in different animals,

although the food be the fame. This grinding alfo fits it for deglutition :

for neither grain nor herbs could be fwallowed without having firfl been

maflicated. When fo prepared, it is, with regard to the digeflive power,

rendered fimilar to animal food : therefore in many of the granivorous,

the ftomach refembles that of the carnivorous animals ; and whenever

the ftomach in the granivorous quadruped departs from this general rule.
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there is a peculiarity in the operations of digeftion. Birds that live upon

fubftances, for the digeftion of which trituration is indifpenfably neceffary,

have the powers of maftication and digeftion united in one part, the giz-

zard, which is particularly conftruded for that purpofe ; but is more uni-

form in its conftrudlion than the teeth, varying only by being ftronger or

weaker in its powers ; therefore the genus of birds exhibits lefs variety,

refpeding the organs relating to digeftion, than the quadruped. In gra-

nivorous birds, therefore, one fingle organ anfwers both to the teeth and

ftomach of granivorous quadrupeds, and confequently the gizzard alone

of birds will as clearly point out the food of the fpecies as both teeth and

ftomach together, in thofe animals in which the two oftices of maftication

and digeftion are not performed together in the fame part.

As it appears to be the difference of ftomachs only, that fits birds for

their different kinds of food, as there is little difference in conftrudtion,

excepting only in ftrength ; and as the food of the different fpecies is of

every kind, from the hardeft grain to the fofteft animal matter, we may
conclude, that every gradation of the ftomach is to be found among them,

from the true gizzard, which is one extreme, to the mere membranous

ftomach, which is the other. In confequence of this, it muft be as difH-

cult to determine the exadl limits of the two different modes of conftruc-

tion, to which the names of gizzard and ftomach fpecifically belong, as,

in any other cafe, to diftinguifh proximate fteps in the flow and impercep-

tible gradations of Nature.

The two extremes of true gizzard, and membranous ftomach, are eafily

defined; but they run fo into each other, that the end of one and the

beginning of the other is quite imperceptible. Similar gradations are ob-

fervable in the food ; the kinds fuited to the two extremes mixing toge-

ther in different proportions, adapted to the intermediate ftates of ftomach.

A true gizzard is compofed of two ftrong mufcles placed oppofite, and

acting upon each other, like two broad grindftones. Thefe mufcles are

joined together at their fides by a middle tendon, into which the mufcular

fibres are inferted, and which forms the narrow anterior and pofterior fides

^
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of the flat quadrangular cavity, in which the grinding is performed. The

upper end of this cavity is occupied by the termination of the oefophagus,

and the beginning- of the inteftine. The lower end confifls of a thino o

mufcular bag connefting the edges of the two mufcles together.

By thefe two more foft and flexible fubfliances being thus interpofed be-

tween the two llrong grinding mufcles, a double advantage is gained j for

whilfl: one gives an eafy paflage to the cefophagus and gut, when both

aft together they ferve in fom.e degree as a hinge, on which the two muf-

cles may be faid to move, by the middle tendon allowing of a free mo-

tion of the grinding furfaces on each other, which is necefTary for the

comminution of food.

The two flat lateral fides of the grinding cavity are lined with a thick

horny fubftance fimilar to a hard and thick cuticle : the narrow anterior

and poflerior tendinous parts are alfo lined with a cuticle, but not fo

ftrong as the former : this horny fubftance is gradually loft at one end in

a very thin cuticle, which lines the paflages of the oelbphagus and intef-

tine for a little way ; and at the other end is loft in the fame manner in

the membranous bag.

The two large mufcles may be confidered as a pair of jaws, whole

teeth are occafionally fupplied, being fmall rough ftones or pebbles which

the animal fwallows ; who, from the feeling of the tongue, can diftin-

guifti fuch as are proper, from thofe which are not ; inftantly dropping

out of its mouth fuch as are fmooth and otherwife unfit for the purpofe.

Some birds, with gizzards, have alfo a craw or crop, which ferves as a

refervoir, and for foftening the grain ; but as all of them have not this

organ, it is not to our prefent purpofe.

There are other animals, befides this clafs of birds, which mafticate

their food in the ftomach, but teeth are placed there by Nature : of this

kind are crabs and lobfters.

The gradation from gizzard to ftomach is made by the mufcular fides

becoming weaker and weaker, and the food keeps pace with this change,

varying gradually from vegetable to animal. In one point of view, there-

fore, food may be confidered as a firft principle, with refped: to which the
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digeflive organs, with their appendages, adt but as fecondary parts ; being

adapted to and determined by the food, as the primary objeft.

We find then that in all granivorous animals, there is an apparatus for

the maftication of the food, although often differing in conflrudion and

fituation. But in true carnivorous animals, of whatever tribe, maftication

not being fo neceifary, they have no apparatus for that purpofe. The
teeth of fiich quadrupeds, as are carnivorous, ferve chiefly to procure food

and prepare it for deglutition. The fame thing is performed in the true

carnivorous birds, by their beak and talons, whofe office it is to procure

the aliment and fit it for deglutition, correfponding in this refpedl with

the teeth of the others. Applying this opinion to fi{h, it feems, at firft

fight, as if there were no occafion in them for that variety of ftrufture in

the digeftive organs, as is found in the beforementioned quadrupeds and

birds ; the food of fi£h being principally of one fort, namely, animal ;

which, however, with regard to the digeftive powers, is to be diftinguifhed

into two kinds, viz. common foft fiih and fhell-filh. Such fifh as live

on the firft kind, have, like the carnivorous quadrupeds and birds, no ap-

paratus for maftication ; their teeth being intended merely for catching

the food and fitting; it to be fwallowed. But the fhells of the fecond kind

of food render fome degree of mafticating power necefiary, to fit it for its

pafi^age either into the ftomach or through the inteftines 3 and accordingly

we find in certain fifli a ftrufture fuited to the purpofe.

Thus the mouth of the wolf-fifh is almoft paved with teeth, by means

of which it can break fliells to pieces, and fit them for the oefophagus of

the fifli ; and fo effedlually difengage the food from them, that though it

lives upon fuch hard food, the ftomach does not differ from that of other

fifti : the organs of maftication and digeftion, therefore, in this animal,

exadtly correfpond to thofe of many granivorous quadrupeds.

Other fifti, on the contrary, approach nearer to the ftrudture of birds,

by having their ftomach furniftied to a certain degree, with a mafticating

power, which in many is very imperfed:, compared with the gizzards of

fowls. Perhaps the difference is only what the difference of food will
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properly allow; as in fifh which have this power, the food being ftill

animal, and in general but imperfedly covered with the fhell, it proba-

bly requires only to be broken ; perhaps hardly that, for the mere pur-

pofes of digeftion, as food is digefted when introduced into the ftomach

in filver balls with only a few fmall holes ; but it may be neceffary to fit

the £hells for paffing along the inteftines after the fifti is digefled. In the

bulla lignaria of Linnaeus, this apparatus is more perfeft, confifting of

two bones, which we muft fuppofe capable of grinding hard ilieils ; but

the food of granivorous birds requires to be ground into a kind of meal.

Of all the fifli I have feen, the mullet is the moil: complete inflance of

this ftrudlure ; its ftrong mufcular ftomach being evidently adapted, like

the gizzard of birds, to the two offices of maftication and digeftion. The
ftomach of the fifh now before us holds the fecond place.

But ftill neither of thefe ftomachs can be juftly ranked as gizzards,

fince they want fome of the moft eflential charadlers, viz. a power and

motion fitted for grinding, and the horny cuticle. The ftomach of the

Gillaroo-trout is, however, more globular than that of moft fifh, better

adapted for fmall food, and endued with fufiicient ftrength to break the

fhells of fmall fliell-filli ; which will probably be beft done by having more

than one in the ftomach at a time, and alfo by taking pretty large and

fmooth ftones into the ftomach, which will anfwer the purpofe of break-

ing } but not fo well that of grinding ; nor will they hurt the ftomach

as they are fmooth, when fwallowed ; but this ftomach can fcarcely pof-

fefs any power of grinding, as the whole cavity is lined with a fine villous

coat, the internal furface of which appears every where to be digeftive,

and by no means fitted for maftication.

The ftomach of the common ftream-trout is exadlly of the fame ftruc-

ture with that of the gillaroo; but its coat not fo thick by two-thirds.*

How far this difference in thicknefs of ftomach is fufficient to form a

* The common ftream-trout fwallows fliell-fifh, and alfo pretty large fmooth ftones, which

ferve as kind of fliell-breakers.

B b
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diflindl fpecies, or barely a variety of the fame, is only to be determined

by experiment.*

The cefophagus in the trout is conliderably longer and fmaller than in

many other clalfes of fifh.

The inteftines are fimilar to thofe of the falmon, herring, fprat, &c.

The pancreas is appendiculated.+

The teeth fhow them to be fifh of prey.

So far as we are led to determine by analogy, we muft not coniider the

ftomach of this fifh as a gizzard, but as a true flomach.

* Viz. Take fome gillaroo-trout, male and female, and put them into water in which,

there are no trout, to fee if they continue the fame.

t I chufe to give this name to the pancreas from its appearance.
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SOME OBSERVATIONS ON DIGESTION.

THE Paper which I formerly prefented to the Royal Society, " On
the Stomach itfelf being digefled after Death", was publiflied in

1772, in the 62"'' volume of the Philofophical Tranfaftions, and has at-

tracted the attention of Spallanzani, and others. In the courfe of thefe

my obfervations, I Ihall make fome remarks upon the experiments and

opinions of thefe gentlemen ; compare them with thofe of Reaumur, and

having given fome general facSs of my own upon digeftion, (hall conclude

by adding a copy of the abovementioned Paper, with the hope that others

will take up the fubjecft in a more enlarged point of view, and profecute

an inquiry which is of fo much confequence in the inveftigation of the

operations of the animal ceconomy. I cannot, at prefent, fpare fufficient

time to give my opinions at large on this fubjedt, with all the experiments

and obfervations I have made upon it ; but as foon as I have leifure I

Hiall lay them before the public.

To difcover new parts, has been a principal objed: in the refearches cf

the young or praftic-al anatomift ; but the connexion, arrangement, mode

of aftion, and ufes of the whole, or of particular organs, have more com-

monly been referved for the confideration of thofe whofe views were ex-

tended further ; and whofe powers of reafoning had been enlarged by

habits of obfervation and inquiry. Curious and fpeculative men have

likev^'ife made attempts in this way, but often without being fufficiently

acquainted with the ftrufture of the parts they were about to confider j

and confequently ill-inform.ed refpefting their relations and connexions

with one another. Not contented to reafon from thofe which were moft

obvious, which might have led to ufeful knowledge, they have been di-

reded by v/hat beft fuited their fancy, and have principally attempted the

mofl obfcure and intricate. Generation, or the mode of continuing the



i88 OBSERVATIONS ON DIGESTION.

fpecies, and digeftion, or the means of preferving the individual, have

been with them the great objeds of inquiry ; yet it does not appear that

they hate been very fuccefsfuL Although digeftion, as being one of the

mod: important operations of the animal oeconomy, and moft obvious in its

effeds, fupplies a number of fads to affill in afcertaining its powers, little

has been iiitherto made out towards inveftigating the various circumflan-

ces under which it is performed.

The mode of dividing the food, for the increafe of its furface in fome

animals, fuggefted one method of explaining the procefs of digeftion j and

the fecretion of a juice, which was fuppofed to have the power of con-

verting vegetable and animal matter into a fluid proper for the purpofes

of nutrition, furnillied another. Both thele opinions have had their ad-

vocates ; and while one party contended for a mechanical power, fuppofed

to exifl in the gizzard j the other had recourfe to a chymical power, and

confidered fermentation as the great agent in digeftion : they were, however,

rather fpeculative philofophers, than pradical anatomifts, and have fre-

quently been milled with refped to the very fads and obfervations

whofe refult was to decide the truth of their opinions. What, for in-

ftance, does it explain in digeftion, that the force of the gizzard of a tur-

key is found equal to four hundred and feventy-three pounds ? Does it

afford a better folution of our doubts, than we fhould derive from deter-

mining the force of the mill that grinds the wheat into flour ? Or, on the

other hand, will the moft corred idea of fermentation enable us to account

for the various phenomena in the operation of digeftion ? But we can.

have no very high idea of experiments made by men, who, for want of

anatomical knowledge, have not been able to purfue their reafoning be-

yond the Ample experiment itfelf.

The great objed iliould have been, an endeavour to difcover the unl-

yerfal agent in digeftion : for the digeftive organ is evidently conftruded

in a different manner in different animals. The mechanical power for the

divifion of the food is not univerfal ; and thofe gentlemen who confider

this power in the gizzard as the immediate caufe of digeftion, forgot that

the fame effed was produced in other claffes of animals with a different
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ftrufture of ftomach, by means of the grinding teeth. Thus while the

gizzard favoured the theory of the mechanical reafoner, that idea was

again deftroyed by the membranous ftrufture of the ftomach in' many ani-

mals ; which equally fupplied the chymift with arguments in favour of

the procefs of fermei:itation.

It is more difficult than thofe gentlemen imagine, to acquire on this

fubjecft information fufficiently accurate, to be able to explain a procefs fo

complicated as that of digeilion. There are in Nature's operations always

tvv-o obvious extremes ; and the mind of man eagerly adopts that which

accords with fome principle to which he is attached, and with which he

is beft acquainted ; the intermediate connections and gradations as be-

ing lefs ftriking, not fo forcibly affedling a fuperficial inquirer.

It happens unfortunately, that thofe who from the nature of their edu-

cation are beft qualified to inveftigate the intricacies, and improve our

knowledge of the animal ceconomy, are compelled to get their living by

the practice of a profeffion which is conftant employment. The only

educated men who have leifure, are thofe of the church, fome of whom
we frequently find commencing philofophers and phyfiologifts j though

they have not had that kind of education which would beft dired; their

purfuits. Experiments, it is true, may be made by men of this defcrip-

tion ; but thefe muft neither be much complicated, nor have any imme-

diate relation to thofe branches of knowledge with which they have had

few opportunities of being acquainted ; at beft, they will feldom go fur-

ther than to explain a fingle fa6t. To look through a microfcope and

examine the red globules of blood ; to view animalcule, and give a candid

account of what they fee, are points on v/hich fuch inquirers may be al-

lowed to indulge themfelves. But it is prefumption in them to affed to

reafon of a fcience in which they can have but a very fuperficial know-

ledge ; or to exped: to throw light on fubjeds that they have not taken

the previous fteps to underftand. It fhould be remembered, that nothing

in Nature ftands alone ; but that every art and fcience has a relation to

fome othre art or fcience j and that it requires a knowledge of thofe others..
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as far as this connedlion takes place, to enable us to become perfect in

that which engages our particular attention.

Thefe fl:ri(flures are applicable to all thofe who have made experiments

to explain digeflion. The efFedl: of the mechanical powers being eaiily

underflood, thofe who confidered digeftion mechanically, have in general

explained them juilly, as far as they applied to the gizzard ; but their

reafoning went no further, and they fuppofed thefe effeds to be digeftion.

Thofe again who took it up chymically being little acquainted with chy-

miftry, and totally ignorant of the principles of the animal ceconomy,

have erroneoufly explained the operations of the animal, machine as fub-

jecft to the laws of chymiftry.

The firft inquirers into digeftion, ftruck only by the extremes of ftruc-

ture, the gizzard, and membranous fcomach, paid no regard to the grada-

tions leading from the one to the other j which, if properly examined,

v/ould have materially aflifted them to explain the fundions of the

ftomach.

Vallifnerl, confidering the power of the gizzard, in one view only, ima-

gined it would be as liable to be afFedled by the meclianical powers necef-

fary for digeftion, as the grain which was to be digefted ; therefore fup-

pofed the exiftence of a folvent. But though Vallifneri is intitled to no

merit from this idea, as the premifes are falfe; yet this opinion of his fet

Reaumur to work, and has been the means of bringing feveral curious

fad:s to light. The experiments of Reaumur were firft made with a view

to confute that opinion ; and therefore birds having gizzards, v/ere adapted

to his purpofe. In this purfuit he only attended to fuch parts of the

experiments as beft accorded with his own opinion ; yet carefully guarded

againft every pollible accident that might affecfl their accuracy. Had tri-

turation been the immediate caufe of digeftion, his experiments on the

gizzards of birds were unneceflary ; fince it would have been fufficient to

have examined the food after it had been mafticated by the teeth of ani-

mals who have grinders ; the teeth and gizzard anfwering one and the

fame purpofe : but the circumftance of animals v/ho, mafticate their food
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in their mouth, having alfo a flomach, fhould have taught, that there was

fomething more in digeftion than trituration.

Reaumur's firft experiments were made to afcertain the ftrength of the

gizzard, with its eiFeds ; to prove that fliarp cutting fubfcances, when

fwallowed, in no way injured its internal coat ; and that the common

food of the bird was not diffolved when guarded againft its aftion. Yet

after all^tbefe proofs he feems to doubt, and fays, " are we to conchide

that grinding alone is fufficient to convert the grain and other aliment into

a matter proper for the nutrition of the animal, without undergoing any

other preparation ? Several reafons feem to oppofe this : trituration alone

might reduce the grain into a flour ; but flour alone is not chyle."

" From the fmell of the aliment (taken from the gizzards of birds) are

we not led to conclude that it undergoes a fermentation ? This fniell may

be faid to arife from the liquor with which the aliment is mixed ; but is

it likely that juices do not difpofe to fermentation fubfcances in vv-hich it

is fo eaflly excited ? Fruit and flour, made into a pafte, require little more

than heat to make them ferment." From thefe experim.ents made with a

viev/ to prove that digeftion is carried on by trituration, Reaumur was led

to fuppofe a folvent. But as there are fome birds whofe flomachs do not

feem fufficiently fl:rong to have the power of trituration, he felecled the

buzzard, as being of that kind, and the fitteft, for the fubjedl of his ex-

periments, from the circuniftance of its throwing up whatever is folid and

indigeftible J therefore, without killing the bird, he could know the refult,

and repeat the experiment as often as he thought necefl^ary.

From the ftomach in the buzzard being incapable of trituration, he

concluded that a folvent v^'as neceflfary for digeftion ; but to pr-eclude all

mechanical effeds of the ftomach, in his experiments, he employed tin

tubes fiilled with meat, which, after the tubes had remained twenty-four

hours in the ftomach of the buzzard, was reduced to three-fourths of its

fize, was like threads, and was neither putrid, four, nor volatile, but infi-

pid. On this effed he made his remarks, which are very pertinent. In

another experiment which was ftill more accurate and conclufive, he was

convinced of the adion of a folvent. He then tried, the foft bones of
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young animals, and found they were digefted ; and that though the hard

bones were not a6led on fo readily ; yet by returning the fame bones feve-

ral times into the ftomach, they v/ere digefted at laft.

Reaumur was next anxious co know, if fuch birds as were intended by

Nature to live upon meat, could alfo digeft vegetables ; but the refult was

not fo fatisfaftory. He gave bread to his buzzard, which upon being re-

turned had the appearance of having been chewed. He next tried a piece

of ripe pear ; which, after having been twenty-four hours in the ftomach

had loft fome of its weight, and had the appearance of being boiled or

baked ; and thence he concludes that its powers are too weak to digeft

vegetables fo as to nourifti the animal.

To afcertain the nature of the liquor which had fuch powers, he tafted

the jelly to which the meat and bone had been reduced, fuppofmg that it

muft be well impregnated with this fluid ; but he could only diftinguifh a

bitter or a faltifti tafte. To have an opportunity of more certainly deter-

mining the nature of this folvent, he made his buzzard fwallow fmall

tubes filled with fponge, which imbibed fifty grains of this liquor, having

the fame tafte as the jelly, and changing blue paper to a red. He tried

the efxefts of this liquor on meat out of the body, with comparative ex-

periments in water ; and after twenty-four hours, the meat in the water

was become putrid ; but that in the liquor from the ftomach was only

foftened, not diftblved. To fee how far the analogy held good in mem-

branous ftomachs, he gave two bones to a dog, which being killed, after

twenty-fix hours, they were found lefi"ened in fize, and become as foft as

horn. He found that the ftomach of the dog did not alter the fhape of

any of his tubes.

He conveyed grafs and hay, enclofed in tubes, into the ftomachs, of ru-

minating animals, which fubftances were not digefted, but appeared as if

macerated.

Let us enumerate the experiments and fads made out by Reaumur.

The gizzard was not hurt by ading upon glafs, which it ground_ to a

powder.

The ftomach, or gizzard, had hardly any vifible motion.
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The force of the gizzard was afcertained.

The fize of the flones found in the gizzard was in proportion to the

fize of the bird.

The ftomach of a buzzard digefted bone ; from which he conckided

the gaftric juice had a folvent power ; but it did not digefl bread, altho'

it a(fi:ed in a flight degree on fruit.

He made experiments with the gaftric juice.

The juice in the ruminating animals ftomachs produced no effetft on

hay or grafs, when inclofed in tubes.

Reaumur's experiments, although not complete, paved the way for fu-

ture inveftigation ; and Spallanzani proceeding on the fame ground, has

not only confirmed them by his own, but has efl:abli{l:ied feveral points not

completely made out by Reaumur ; for in fome inftances Reaumur gave

up the point too foon, efpecially in the experiments refpedling the buz-

zard's power ot digefting vegetables. Reaumur not pofiefling general

knowledge fufficient to diredl him in his purfuits, Vv'as neceffarily confined

to vv'hat he was moft mailer of, the mere making experiments. Being

neither an anatomift, nor a phyliologift, he has not been perfedlly juft in

his defcription of parts ^ having confidered the crop and the oefophagus

leading from it to the gizzard, as two diftinft ftomachs : but this howe-

ver is only to be fet down as a piece of anatomical ignorance, not affecfcing

the fubjeft in the leafl:. Spallanzani is alfo deficient in his anatomical

knowledge ; yet it muft be owned, that his experiments, as far as they go,

are in themfelves conclufive ; but like all mere experiment-makers, he is

not fatisfied even with thofe which are clear and decifive, but multiplies

them moft unneceffarily, without varying them to elucidate other and ef-

fential parts of the fame fubjed. I think we may fet it down as an axiom,

that experiments fliould not be often repeated, which tend merely to efta-

blifh a principle already known and admitted ; but that the next ftep

fhould be, the application of that principle to ufeful purpofes. If Spal-

lanzani had employed half his time in this way, and had confidered di-

,
geftion under all the various ftates of the body and ftomach, with all the

C c
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varieties of food, both natural and artificial, he had employed his time

much better than in making experiments without end.

The food of animals in general being compofed either of vegetables, ani-

mals, or both, and a folvent admitted as an agent in digeflion ; it only

remained to prove, that the effeft of the procefs of digeftion was to pro-

duce from thefe various fubftances an animal matter, iimilar in all animals

who live on fuch fubftances. But the application of principles requires

more than fimply the knowledge of the principle itfelf ; and therefore

thofe who cannot reafon from analogy, or draw general conclufions from

a few convincing fafts ; and who require to have every relative conclulion

or inference proved by an experiment, muft be pleafed with Spallanzani

;

but he muft tire even thofe whom he informs, and much more thofe who

read his works in expectation of fomething new.

To make comparative experiments upon the digeftive power, the dif-

ferent animals, deflined for that purpofe, fhould be under fimiiar circum-

ilances as far as relates to digellion j they fhould be equal in age, for the

growing eat more than the full-grown, and of courfe di^efl: fafter ; which

point therefore can be beft afcertained by feled:ing thofe in each clafs of

animals which have attained their full growth. They fhould be equal in

fatnefs, for this makes a very material difference in the powers of digef-

tion in the fame animal ; and they fhould be equal in health, a circum-

ftance which of all others, probably makes the greateft difference in the

powers of the ftomach. In comparing animals of the fame clafs, the

atmofphere fliould likewife be of the fame temperature ; for the different

claffes of animals are varioufly affefted by the fame degree of heat. Ex-

periments made upon fnakes and lizards in the winter, will differ greatly

from thofe made in the fummer, while fimiiar experiments made on dogs

will have nearly the fame refult in both feafons. Nor will the powers

of the flomach be found always equal in the fame clafs. Sleeping ani-

mals, of the quadruped kind, as hedge- hogs, do not digefl in the winter,

but in the fummer only ; therefore the conclufions to be drawn from ex-

periments made refpefting the digeflive powers in the one, are not at all

applicable to thofe made in the other feafon.
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Spallanzani obferved that the fnake digefted food fafter in June, when
the heat was at 82° and 83% than in April, when it was only 60°^ from

whence he concludes, that heat affifts digeftion ; but this heat is not the

immediate, but the remote caufe of the increafed power j heat having pro-

duced in the animal greater neceffity for nouri/liment, and of courfe

greater powers, gaflric juice was therefore fecreted fafter or in p-reater

quantity.

As a proof that heat does not a6t as an immediate, but only as a re-

mote caufe in affifting digeftion, I fhall mention the effedt it produced upon

a hedge-hog, the fubjedt of Mr. Jenner's third experiment on the heat of

that animal, related in the former part of this work*.

" The hedge-hog, while the heat of the ftomach was at 30% had nei-

ther defire for food, nor power of digefting it ^ but when increafed by

Inflammation in the abdomen to 93°, the animal feized a toad which hap-

pened to be in the room ; and upon being offered fome bread and milk,

it immediately eat it. The heat roufed up the adions of the animal oeco-

nomy ; and the parts being unable to carry on thefe adlions without be-

ing fupplied with nourifliment, the ftomach was ftimulated to digeft, to

afford them that fupply."

Spallanzani alfo mentions the ftownefs of digeftion in ferpents, and

quotes Bomare, who gives an account of a ferpent at Martinico, in whofe

ftomach a chicken had remained for three months without being com-

pletely digefted, the feathers ftill adhering to the fkint. The truth of

this fadt I Ihould very much doubt, efpecially in fo warm a climate as

that of Martinico ; where I muft fuppofe the digeftive powers to be con-

ftantly required, unlefs there is in Martinico, as in colder climates, a

torpid feafon, where the adl of digeftion is not necelTary ; but in that cafe

the ferpent would not have fwallowed the chicken. At BelliHe, in the

beginning of the winter 176 1-2, I conveyed, worms, and pieces of meat,

down the throats of lizards when they were going into winter quarters,

keeping them afterwards in a cool place. On opening them at different

* Vide page 112. f Bomare Did. d' Hiftoire Nat.
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periods, I always found the fubftances which I had introduced entire, and

without any alteration : fometimes they were in the ftomach ; at other

times they had paffed into the inteftine j and fome of the lizards that

were preferved alive, voided them towards the fpring, with but very little

alteration in their ftruiture. So that digeftion is regulated by the other

aftions of the body : warmth requires aftion fuitable to that warmth

;

the body- requires nourifliment fuitable to that adion ; and the flomach

being called upon performs the office of digeflion.

Nothing can fhow more clearly that the fecretion of the gaftric juice is

increafed in proportion to the call for nourifliment in the body, than what

happened to Admiral Byron, Captains Cheap and Hamilton, when fhip-

wrecked on the Wefl Coaft of South-America ; who, after fuffering

months of hunger and fatigue, were reduced to fkin and bone ; yet when

they came to good living, Byron thus expreffes himfelf*^ " He ordered,

(viz, the Governor) a table to be fpread for us, with cold ham and fowls,

wJiich only we three fat down to, and in a fhort time difpatched more

than ten men with common appetites would have done. It is amazing

that our eating to that excefs we had done, from the time we firft got

among thefe kind Indians, had not killed us ; we were never fatisfied, and

ufed to take all opportunities, for fome months after, of filling our pockets

when we were not feen, that we might get up two or three times in the,

night to cram ourfelves. Captain Cheap ufed to declare that he was

quite afhamed of himfelf."

Spallanzani has made feveral attempts to prove what few will fubfcribe

to; that ftones in the gizzards of birds are of no ufe towards the break-

ing or grinding down the grain ; and that they are picked up without de-

fign. Thefe ftones have long been fuppofed to anfwer the purpofes of

trituration ; and have been confidered as affording affiftance to the fto-

mach, in the manner of teetli, and of courfe as being neceifary to the adl

of digeftion. Spallanzani combats this opinion ; but as ftonqs are univer-

fally found in gizzards, and it was neceflary to account for the mode of

there being conveyed there, he attributes it to chance. But we find that

Page 181.
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the gizzards which have moft occafion for them, and are mofl: able to ufe

them, are hkewife beffc fupplied vi'ith them : to corroborate which fafls,

may be added what we oblerved before, that in the larger gizzards are

found the largeft pebbles. In a turkey, two hundred were found j in a

goofe, a thoufand ; which could not depend entirely upon chance. In

trying vs'hether the ftones were of fervice, Spallanzani introduced tubes,

needles, and lancets into gizzards in which there were but very few ftones,

yet found them broken. In this experiment thefe fubftances had been

forty-eight hours in the gizzards ; whereas in the former experiments,

with the fame kind of tubes, thirty-fix hours was the longed time ; in

another, eighteen hours ; and in another, the breaking of them was begun

in lefs than two hours ; therefore the experiments were not perfeftly fair,

as the times were not equal. What he thinks the moft conclufive is,

that where he had taken care there lliould be no ftones, the hard indigeft-

ible fubftances were ad:ed upon much in the fame way as when there were

ftones 3 but in this experiment he does not give the time, which is very

accurately ftated in moft of the others.

He aifcovered that the inner furface of the ftomach was not hurt by

fuch fubftances ; and indeed it is fcarcely poffible for the inner coat of the

ftomach of a fowl to be pierced by fuch as are even fharp pointed, the

quantity of its motion being fo inconfiderable, as hardly to make them

pafs through its inner coat. But the principal caufe of their being harm-

lefs, arifes from the motion being lateral, and not prefling perpendicu-

larly to the axis, one furface Aiding in a contrary direftion to the otherj

and that not in a ftraight, but in a circular diredlion, as will be ex-

plained hereafter.

In confidering the ftrength of the gizzard, and its probable effefts

v/hen compared with the human ftomach, it muft appear that the giz-

zard is in itfelf very fit for trituration ; we are not however to conclude

that ftones are entirely ufelefs j for if we compare the ftrength of the

mufcles of the jaws of animals who mailicate their food, with thofe of

birds who do not, we fliall fay that the parts are well calculated for the

purpofe of maftication ; yet we are not from thence to infer that the
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teeth in fuch jaws are ufelefs, even although we have proof that the gums

do the bufinefs when the teeth are gone. If Hones are of ufe, which we

may reafonably conclude they are, birds have an advantage over animals

having teeth, fo far as flones are always to be found, while the teeth are

not renewed. Spallanzani concludes, " That we have at length a decifion

of the famous queftion concerning the ufe of thefe pebbles, fo long agitated

by authors ; it appearing that they are not at all neceifary for the tritura-

tion of the firmeft food, &c." but fays, " He will, however, not deny that

when put in motion by the gaftric mufcles, they are capable of producing

fome efFed:s on the contents of the ftomach." Now if we conflantly find

in an organ fubftances which can only be fubfervient to the fundions of

that organ, fhould we deny them to be of any ufe, becaufe the part can

to a certain dec^ree do its office without them ?

To account for pebbles being found in the gizzard, Spallanzani fuppo-

fes the birds to have picked them up by chance, or not to have diftin-

guilhed between their food and thefe ilones. But it appears fingular, that

only thofe which have gizzards fhould be fo ftupid ; and he owns, that

Redi and himfelf found that birds died of hunger, yet without having

picked up more ftones than ufual ; which we might fuppofe* they v\'ould

have done if they had not had a choice, or could not have diftinguifhed

ftones from the grain on which they feed.

The ftones affiit in breaking the grain, and by feparating its parts in

the beginning of the procefs, and afterwards by rubbing off the furface al-

ready digefted, allow the gaftric juice to come more completely in contadl

with the whole.

It has been faid, that the motion of the gizzard is fo fmall as hardly

to be obfervable; and that it cannot be feltby the hand. But as its ca-

vity is very fmall, and muft be capable of adapting itfelf to the quantity

it contains, (or it could not poffibly grind) much motion is not necellary

for the purpofes of trituration : a fwelling and collapfing, like the motion

of the heart, would have no efted. The extent of motion in grindftones

need not be the tenth of an inch, if their motion is alternate and in con-

trary direftions. But although the motion of the gizzard is hardly vifible.
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yet we may be made very fenfible of its aftion by putting the ear to the

fides of a fowl while it is grinding its food, when the fhones can be heard

moving upon one another.

It may be remarked, that the motion of the whole intefliinal canal,

from the fauces to the anus, is naturally fo flow, as not to be excited into

quick aftions. The food paifes flowly along the oefophagus ; and in a

man, fluids which might be expected to z& even by their own gravity,

defcend but flowly : yet I think we may be certain that the oefophagus

has always a regular co«trafl;ion ; and that the lower parts mufl: relax in

progrellion, as it contrails above ; fo that no pofltion of the body makes

any difference in this adlion.

Upon expofing the fl:omach in living animals, it does not appear much
agitated or aflfeded, even by being handled or otherwife irritated. The

fame thing may be obferved in the v/hole track of inteftines : and we find

that when the fsces are expelled by the adlion of the gut alone, that the

expulfion is flow ,- the ftomach and redum, however, can be emptied at

once; but that is done by the abdominal and other mufcles. We know

that the adion of vomiting is performed entirely by the diaphragm and

abdominal mufcles ; and we knov/ that by the fame aftion the contents

of the redum can be expelled. Neither is any other power required to

empty the ftomach in vomiting, thefe mufcles being often capable of

forcing the bowels themfelves out of the abdomen, and of producing a

rupture. It is not neceflary the flomach itfelf fhould ad violently to pro-

duce an evacuation of its contents ; nor is it even necefl"ary it fliould ad

at all : for the lungs themfelves do not ad in the leaft when any extra-

neous matter is to be thrown up ; and coughing is to the lungs, what vo-

miting is to the fliomach. The mufcles of refpiration are the adive parts

in emptying the lungs, and can ad both naturally and preternaturally.

The m-ufcles of the thorax and abdomen do not ad naturally on the con-

tents of the abdomen, but often ad preternaturally, producing an eva-

cuation from its vifcera.

There is this difference in the adion of the parts in coughing and vo-

miting : the cough is performed by the proper mufcles of refpiration.
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which are thofe of expanfion, fupported by the abdominal, while the

diaphragm is paffive.

Vomiting is performed by the abdominal mufcles and diaphragm ;

while thofe of infpiration are fupporting this ailion.

In coughing, the ribs are fuddenly depreffed, which diminifli the capa-

city of the thorax; and that the diaphragm may not be allowed to fink

down and increafe the capacity of the thorax, which would counteradl the

depreffors of the ribs ; the abdominal mufcles at the fame time adl, which

fupports the diaphragm in its place, and probably may by this action

affift in bringing down the ribs. To give as much force to this adion

as poffible, the glottis is fhut till the adlion is begun, and then the glot-

tis opens inftantaneoufly, which obliges the depreffors of the ribs to begin

the effort with their full adiion.

The proper mufcles of infpiration do not tire fo foon in this aition as

the abdominal ; for in violent coughing the mufcles of the abdomen

::jecome fore.

In vomiting, thefe adlions are reverfed. The mufcles of the cavity of

the abdomen ad:, in which is to be included the diaphragm ; fo that

the capacity of the abdomen is leffened, and the adion of the diaphragm

rather raifes the ribs ; and there is alfo an attempt to raife them by

their proper mufcles, to make a kind of vacuum in the thorax, that the

oefophagus may be rather opened than fliut, while the glottis is jQiut io

as to let no air enter the lungs. The mufcles of the throat and fauces

ad to dilate the fauces, which is eafily felt by the hand, making there a

vacuum, or what is commonly called a fudion ; fo that when all thefe

adions take place together, the ftomach is immediately emptied.

In violent coughing, we find that a kind of mixed adion takes place ;

for although the diaphragm has not aded, yet the ffomach is fo much
fqueezed as to difcharge its contents ; and it affeds the diaphragm,

which is often thrown into adion, and brings on vomiting at the fame

time j therefore violent coughing palls the ffomach.

There is reafon to believe that the natural motion in all ffomachs is

regular ; and I am more inclined to be of this opinion, from what takes
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place In the ftomach of animals who are covered with hair, and who

lick their own bodies ; and of fuch as feed on whole animals, who are

likewife covered with hair. In the flomach of the calf, for inftance, who
licks his fkin with his tongue, and fwallows whatever is attached to the

rough furface of that organ, balls of hair are often found ; and on exa-

mining their furface, the hairs in each "hemifphere feem to arife from a

centre, and to take the fame direction, which is circular, correfponding

to what would appear to be the axis of this motion, and refembling what

we fee in diiferent parts of the (kin of animals whofe hair takes diiierent

turns. This regularity in the diredtion of the hair, in fuch balls, could

not be produced if there was not a regular motion in the ftomach. This

motion is alfo proved in the dog ; for I have feen a ball of this kind, that

had been thrown up from a dog's fhomach, where the fame regularity in

the turns of the hair was very evident and complete. The fame motion

feems alfo to take place in the bird kind ; and of this the cuckoo is an

example, which, in certain feafons living on caterpillars, fome of whom
have hairs of a confiderable length on their bodies, the ends of thefe are

found (ticking in the inner horny coat of the ftomach or gizzard, while

the hairs themfelves are laid flat on its furface j not in every direftion,

which would be the cafe if there was no regular motion, but all one way,

ariiing from a central point placed in the middle of the horny part ; and

the appearance on the furface of both fides of the gizzard evidently cor-

refponding. Thefe two fadls prove, in my opinion, a regular circular

motion taking place in the gizzard and membranous flomach ; and there-

fore, moft probably, fomething fimilar is carried on in flomachs of all

the various kinds. Indeed this motion in the ftomach is fo confiderable,

that v/hen there is no horny defence, we find the coats fometimes pierced

by hard pointed fubilances. Thus the cows who feed on the grafs of

bleaching-grounds have their flomachs, efpecially the fecond, fluck full

of pins : and fifh who prey upon, and fwallow other fifh entire, often have

their flomachs pierced by the bones.

Spallanzani calls the inner coat, cartilagenous j whereas, in fadl, it is

a horny fubflance,' forming an inner cuticle, but differing in fome refpedls

D d
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from the common cuticle ; this horny fubflance not only differs in

ilrufture from the common cuticle, but in its attachment, from cuticle,

nails and hoofs. The cutis, where it is covered by fuch fubflances, has

a vaft number of villi on its furface, which pafs into correfponding perfo-

rations in the cuticle ; from this ftrudlure of parts, when the cuticle, nails,

or hoofs are feparated, their inner furface appears to be full of fmall per-

forations } and the cutis from which they have been removed is villous
,;

and thefe villi are more numerous in fome parts than in others, where the

fenfe of touch is required to be delicate or acute. , But the inner lining

of the gizzard is juft the reverfe^ that furface of the horny fubflance

which is in contaft with the gizzard being villous ; and when feparated,

the inner furface of the gizzard appearing perforated. Thefe villi are

either the lafl formed parts of this horny fubftance, or are the fibres of

which the horny coat is compofed. It is probable, that this horny fub-

ftance takes the form of villi that it may be more firmly connedled with

the gizzard, in which acute fenfation is not required.

I may remark here, that the experiments made on the digeflion of ru-

minating animals have been very deficient, arifmg from this procefs in

them being more complicated than in the flomachs of other animals

;

and requiring attention to be paid to certain circumilances, which can-

not take place in ftomachs of only one cavity.

The circumflance mentioned by Spallanzani, of ruminating animals

voiding the tubes by the anus, fliows that the whole food is not neceffa-

rily returned into the mouth to be chewed a fecond time ; for if it were,

the tubes would certainly come up likewife, and would as certainly be

thrown out of their mouths as improper to be chev/ed, a circumftance

which often really happened. But it was hardly neceilary to make ex-

periments to afcertain whether ruminating animals digefted meat, when

we know that in fome cold countries, the cattle are fed on dried fillij

and moft animals eat their ov\^n fecundines : indeed the circumflance of

animals living upon both animal and vegetable food might have taught

us, that the mode of digefting both (whatever it is) was the fame ; there-

fore all that was wanted mufh have been to difcover that mode j except
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we could abfurdly conceive, that tv.o different modes might take place

in the fame flomach at the fame time.

Spallanzani gives the opinion of authors refpeding digeflion ; and fo

anxious is he to combat the idea of its being fermentation, that he will

hardly allow that fermentation ever takes place in the ftomach. That

fermentation can go on in the ftomach, there is no doubt ; but when that

happens, it arifes from the powers of digeflion being defective. Milk,

vegetables of all kinds, Vv'ine, and whatever has fugar in its compofition,

become much fooner four in fome flomachs, than they would, if left to

undergo a fpontaneous change out of the body : and even fpirits, in parti-

cular ftomachs, almofl immediately degenerate into a very flrong acid. I

am inclined to fuppofe, that it is the fugar which is converted into fpirit,

and the fpirit into acid j confequently, a glafs of brandy, from being much
ftronger, becaufe lefs diluted, mofl probably contains as much matter,

likely to become acid, as half a pint of wine. In other fubflances, befir.es

thofe mentioned above, the fermentative procefs (unlefs prevented by that

of digeflion) appears to begin fooner in the ftomach than out of the body.

All oily fubftances, particularly butter, very foon become rancid after be-

ing taken into the ftomach ; and this rancidity is the effedl of the firft

procefs of the fermentation of oil. Mr. SiefFert has been able to reftore

rancid oils to their original fweetnefs, by adding to them their due quan-

tity of fixed air*j the lofs of which I confider as the firft procefs in this

fermentation, limilar to what happens in the fermentation of animal and

vegetable fubftances.

Animal food does not fo readily ferment in the ftomach, when combi-

ned with vegetables, as when it is not ; for the vegetables running more

quickly into fermentation, preferve the meat from putrefadlion. Put a

piece of meat and fome fugar, or bread, into water, and let them ftand in

a warm place, the bread and fugar will begin to ferment, the water will

become four, and the meat be preferved -, but ' the acid becoming weaker,

as the fermentation advances towards the putrefadive, the meat at lafl

* Phyfical and chymical EfTays, by Sir Tobern Bergman.
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begins to acquire the fame putrid difpofition*. Yet this lafl: part of the

procefs cannotj I think, take place in the ftomach, as a fucceflion of acids

will be formed, by which the meat will be preferved fweet till it is di-

gefted : the formation of this acid in the ftomach, moil probably, not

preventing the digeftion of thofe fubftances which are incapable of being

rendered acid.
"

.
'

Bread allowed to remain in the ftomach of a dog for eight hours, is fo

much changed, that it will not run into the vinous fermentation ; but

when taken out and kept in a warm place, becomes putrid : its putrefac-

tion, however, is not fo quick as a folution of meat that has been in the

ftomach for the fame length of time. Similar effefts are produced when

milk and bread are the food adminiftered; and perhaps the gaftric juice,

when in fuiScient quantity, will always prevent the vinous fermentation.

Spallanzani's next trials were to determine, whether the gaftric juice

had the power of recovering meat already putrid : a facS which might have

been proved by one experiment. For if very putrid meat is given to a dog,

and the dog killed after fome time, the meet will be found fweet, and all

putrefadtion at an end. Therefore his allowing frelh meat to continue a

longer or fliorter time in the ftomach was immaterial, as it could not be-

come putrid.

It appears from the above fads, that the ftomach has not fo much
power in preventing the acetous fermentation in vegetables, as in corredl-

ing the. putrefadive difpofition in animal fubftances. For although this

cannot be certainly known in thofe who eat both animal and vegetable

food ;
yet it does not appear that the putrefadlion of animal fubftances,

where nothing elfe is eaten, takes place fo quickly in the ftomach, as the

change which is produced in vegetables ; the acetous difpofition is there-

fore either ftronger than the putrefadive, or it more readily takes place :

and indeed the living body ftiews this fufficiently ; for we very often find

an acid thrown up, but feldom or ever any thing putrefadive.

It may be admitted as an axiom, that two proceiTes cannot go on at the

fame time, in the fame part, of any fubftance ; therefore neither vegetable

* Of this Sir John Pringle was not aware in making his experiments on this fubjedl.
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nor animal fubftances can undergo their fpontaneous changes while in the

adl of being digefted ; it being a procefs fuperior in power to that of

fermentation. But if the digeftive power is not perfeft, then the vinous

and acetous fermentation will take place in the vegetable ; and the putre-

factive in the food of thofe animals which live wholly on flefli ; although

in the laft I imagine but very feldom. The gaflric juice, therefore, pre-

ferves vegetables from running into fermentation, and animal fubftances

fi'om putrefaclion ; not from any antifeptic quality in the juice, but by

making them go through another procefs, preventing the fpontaneous

change from taking place. In the greater number of fiomachs there is

an acid, even although the animal has lived upon meat for many weeks ;

but -as this is not always the cafe, we mull fuppofe it is only formed oc-

cafionally. Whether the ftomach has a power of immediately fecreting

this acid, or firft fecretes a fugar vv'hich afterwards becomes acid, is not

eafily afcertained : but I fliould be inclined to fuppofe, from analogy, the

laft to be the cafe ; animals in health feeming to have the power of fecre-

ting fugar ; for we find it in the milk ; and fometimes in the urine, in

confequence of difeafe. Acid fometimes prevails in the ftomach to fo

great a degree, as to become a difeafe, attended with very difagreeable

fymptoms ; the ftomach converting all fubftances which have a tendency

to become acid, into that form. To afcertain whether there was an acid

naturally in the ftomach, the moft fatisfadory mode was to examine the

contents before the birth, when the digeftive organs are perfe<fl, and when

no acid could have been produced by difeafe, or any thing that had been

fwallowed : accordingly in the ilink-calf, near the full time, there was no

acid found in the ftomach ; although the contents had the fame coagula-

ting powers with thofe of animals who have fucked.

As we find ftomachs pofiTefi^ed of a power of dilTolving the whole fub-

ilance of a bone, it is reafonable to fuppofe that its earth is deftroyed by

the acid in the ftomach.

The ftomach ?ippears not only to be capable of generating an acidj but

alfo to have the povvcr of producing air j which laft efFed, 1 believe, arifes

from difeafe. It is not eafy to account for the formation of this air; yet
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as the ftomach is a refervoir for fubftances difpofed to ferment, it might

reafonablybe fuppofed to arife from the food going into that procefs. But

this, in my opinion, will not account for the vaft: quantity of air frequently

thrown UD from the ftomach, even where food has not been fwallovv^ed for

a coniiderable time, and where digeftlon appeared to have been completed.

For we muft conclude this procefs to have been completed, if the food was

not found to have difa^reed with either, ftomach or bowels, and that the

ftools were good. When the gout falls on the ftomach, the quantity of

air thrown up is often immenfe ; and the fame thing may be obferved in

fome cafes commonly called nervous
; yet the procefs of digeftion will

not account for this formation of air ; as no air is to be found in healthy

ftomachs*; neither is it to be accounted for from a defeft in digeftion,

as that would probably be produftive of worfe confequences.

I am inclined to believe that the ftomach has a power of forming air,

or letting it loofe, from the blood, by a kind of fecretion. We cannot,

however, bring any abfolute proof of this taking place in the ftomach, as

it may in all cafes be referred to a defed: in digeftion : but we have in-

ftances of air being found in other cavities, where no fecondary caufe can

be affigned. I have been informed of perfons who have had air in the

uterus or vagina, v/ithout having been fenfible of it, but by its efcaping

from them without their being able to prevent it ; and who, from this

circumftance, have been kept in conftant alarm leaft it fliould make a

noife in its paflage, having no power to retard it, as when it is contained

in the reftum. This fad being fo extraordinary, made me fomewhat

incredulous ; but rendered me more inquiiitive, in the hope of being ena-

bled to afcertain and account for it : and thofe of whom I have been led

to inquire, have always made the natural diftindlion, between air pafling

from the vagina, and by the anus ; that from the anus they feel and can

retain ; but that in the vagina they cannot ; nor are they aware of it till

it pafles. A woman, whom I attended with the late Sir John Pringle,

* In all my experiments on digeftion, in dogs, I have never been able to deleft any air in

the cavity of the ftomach.
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informed us of this fa£t ; but mentioned it only as a difagreeable thing.

I was anxious to deternline, if there were any communication between the

vagina and redtum, and was allowed to examine, but difcovered nothing

uncommon in the ilrudlure of thefe parts. She died fome time after j

and being permitted to open the body, I found no difeafe either in the

vagina or uterus. Since that time I have had opportunities of inquiring

of a number of women, concerning this circumftance, and by three or

four have been informed of the fame fad:, vi'ith all the circumftances

abovementioned : how far they are to be relied upon I will not pretend to

determine. I have likewife found air in the cellular-membrane, in gun-

fhot wounds, that had paffed fome way under the fkin, without being able

to account for its being there by any mechanical effed: of the ball.

That air is either formed from the blood, or let loofe by fome adion of

the vefTels, both naturally and from difeafe, is an undeniable fad. We
find air formed in fome fiilies, to anfwer natural purpofes ; for in thofe

whofe air-bladders do not communicate externally (many of which there

are) we muft fuppofe it to have been formed there. We alfo find it in

animals after death ; and I have a piece of the intefcine of a hog which

has a number of air-bladders upon it*. Mr. Cavendilli was fo kind as to

examine this air, and he found " it contained a little fixed air ; and the

remainder not at all inflammable, and almoft completely phlogillicated."

I have often feen fuch veficles on the edges of the lungs ; but thefe may

be fuppofed to have been a kind of aneurifmal air-cells filled from the

trachea, and are circumfcribed and impervious ; fo that in the ftate we

find them, they have no communication with the external air. In one

inftance I have difcovered air in an abfcefs, which could not have been

received from the external air; nor could it have arifen from putrefadion.

The cafe is as follow :

A lady, about forty years of age, had been affiided with complaints in

the bladder and parts conneded with it. From the fymptoms, her dif-

eafe was fuppofed by fome to be the Hone, though upon examination no

* Vide Plate.
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ftone was found ; and £he had alfo an umbilical hernia, for which I had

l)een confulted. She grew gradually worfe; and from being luily be-

came a thin woman. A fmall tumor appeared in the groin, and the fkin

over it became red, fimilar to an abfcefs when the matter is beginning to

point externally ; but before her death this fubfided. A few days before

fhe died, I was delired to examine a fwelling on the lower and right-fide

of the belly, extending nearly from the navel to the fpine of the ilium on

the right-iide. It was tenfe, evidently contained air, and could be made

to found almoft like a drum. It had come on within a few v/eeks, and

I was puzzled to account for it ; there being clearly no connexion be-

tween that tumor and the umbilical hernia. I was inclined to fuppofe it

to be a ventral hernia, containing the cscum and part of the colon, filled

with air j but as fhe had flools ; as there were no fymptoms of a ftran-

gulated gut, nor any uneafinefs in the bowels ; as I could not make the

air recede, but felt it as if confined to that part, I own I could form no

conjecfrure what the cafe really was. The woman dying in a few days, I

was permitted to examine the body. That I might not interfere with the

tumor, or umbilical hernia, I made an opening into the abdomen on the

right-fide of the linea alba ; and on examining the cavity of the abdomen,

found every thing natural, except a fmall portion of the epiploon adhering

to the infide of the navel ; the parietes of the abdomen correfponding

with the tumor, being in a natural ftate. On prefling the tumor by the

hand, air was heard to make its efcape : whether by the vagina or anus

was at firft doubtful ; but on examining with more_attention, it was dif-

covered to come from between the labia. I next opened the tumor ex-

ternally, and let out the air, which was not in the leaft putrid, and was

contained in a fac tolerably fmooth on its infide, made up of comprefied

cellular-membrane ; the abdominal mufcles and tendons forming the po-

fterior furface, which extended as low as the inferior edge of Poupart's

ligament. The contents of the abdomen were tolerably found; but when

I infpedled the vifcera contained in the pelvis, they were found adhering

to each other ; the bladder to the body of the uterus ; the broad ligaments

and ovaria, to the uterus; and on examining thefe adhefions, I difcovered
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a cavity between the bladder, uterus, and vagina on the right-iide, fome-

thing like an abfcefs. From the right-fide of this cavity there was a canal

afcending to the brim of the pelvis, in the courfe of the round ligament,

as far as to the going out of the iliac veflels, which it feemed to accom-

pany ; and this canal when it palled from behind Poupart's ligament,

communicated with the tumour abovementioned. I then endeavoured to

difcover if there were any communication between the reftum and the

abfcefs ; but could find none, the gut appearing to be quite found. Having

removed the whole contents of the pelvis, with the canal leading to Pou-

part's ligament, and the ligament itfelf, with fuch of the abdominal muf-

cles as compofed part of the fac, I found both the redlum and vagina per-

feftly found. The uterus had a polypus forming on its infide ; neither

the re£lum nor uterus had any connexion with the abfcefs ; but there was a

fmall communication between the abfcefs and the bladder ; that portion of

the bladder which made part of the abfcefs being very much difeafed.

From this hiflory of the appearances of the tumour before death, and

the particular account I have given of the difledlion, the reader may be

able to draw his own concluiions relative to the origin of the air. It cer-

tainly appeared to have been formed in this bag ; and it was only towards

the latter end of her life that it could have made its efcape into the cavity

of the bladder ; for it was not poiTible to fqueeze the air out of the tumor,

when I firft faw her ; but juft before death it became more flaccid. It

could not be formed or let loofe in confequence of putrefaction, for the air

itfelf was free from any fmell ; and although the cavity between the va-

gina and bladder had on its internal furface the irregular ulcerated appear-

ance of an abfcefs, yet that on the abdomen had not, was tolerably fmooth,

and had rather the appearance of having been formed in confequence of

fome foreign matter accumulating there.

This circumflance, of an animal having the power of forming air, or

feparating it from the juices by a kind of fecretion, appears at firfl: view

to be fupported by the experiments of Dr. Ingen-houfz.*

* Exp'= upon Vegetables ; proving their great Power of purifying the common Air, &c..

E e
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The Dr. obferved that, when we immerfe our bodies " in a cold or

warm bath"; or, " By plunging the hand and arm even in cold water,"

that globules of air foon appear upon the Ikiu : and to be certain of the

air coming from the body, he took all the neceflary precautions to prevent

the external air being carried into the water along with the body, (which

would certainly be a confequence, if the body or part were immerfed

quickly, or v/hen dried.) But although his experiments feem to prove this

opinion, yet I imagine there is a circumilance the Dr. did not attend to

at the time, which renders them very fallacious ; for he did not conlider

that water, for the moft part contains a great deal of air; therefore the

globules of air might as readily come from the water, as from the body

;

which makes it neceifary to afcertain, by experiment, from whence the air

comes which is attached to the body when immerfed in water.

Water takes up air in proportion to its coldnefs, until it lofes the pro-

perty of water and becomes folid : upon this principle we may account

for globules of air being found attached to the fkin, when a part of the

body is immerfed in water colder than itfelf ; for when we immerfe the

whole body we increafe the heat of the water, efpecially that next to the

Ikin ; and if we immerfe only a part, as an arm, it being commonly in

a fmaller quantity of water, the water immediately furrounding it is alfo

warmed. As a proof that it is the air from the water, and not from the

furface of the body* it matters not what the fubftance is that is immerfed,

if it is but warmer than the water : for a piece of iron heated to about 1 50%

* " Count de Milly, in the Berlin Tranfaftions for the year 1777, publifhed experiments

to fhow that there is an excretion of air; or, as it is termed, 'an aerial tranfpiration,' from

the whole furface of the human body while it remains in warm water: but Dr. Pcarfon found,

on repeating thefe experiments, that there was no appearance of aerial bubbles on the furface

of the cuticle during bathing in warm water that had been previoufly boiled, fo as to expel

the air ufually mixed and united to river, and fpring-water. The human body when immerfed

in the bath a* Buxton, and kept at reft in it for fome time, was covered with air-like bubbles ;

but thefe bubbles appeared in the fame manner, on any folid body whatever that was placed in it.

It is therefore fuppofed that the attraition to the human body of the air, commonly fufpended

in water, efpecially when heated to the temperature of a warm-water bath, has been miftaken

for an excretion of air from the cuticle."
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immeried in water about 70% will warm the water in contadl with it Co

as to make it part with its air. This effed: of heat is further proved, by

making another trial, with only this difference, that the iron be ten de-

grees colder than the water ; in that cafe little or no air will be feparated,

and of courfe no bubbles obferved. The bubbles of air do not appear to

arife entirely from the degree of warmth of the water ; but alfo in fome

meafure from a folid body being immerfed in it, that feems to have a

power of attracting the air, vi'hofe affinity to the water is now weakened

by heat ; for fimply heating the water to the fame degree will not fepa-

rate the air, as we find that no bubbles are then produced. The power

of attracting the air appears therefore, in fome fort, to depend upon the

folidity of the body immerfed ; at leafl, bodies have a greater number of

bubbles in proportion to their folidity : for upon making comparative

experiments between iron, ftone, wood, and cork, the air feparated from

the water upon the furface of the iron and ilone is in confiderable quan-

tity ; that upon the wood very fmall ; and fcarcely any at all upon the

cork.

As thefe obfervations on the generation (or fecretion) of air in cavities,,

feemed to have a connexion with the prefent inquiry, I thought they

might, properly enough, be introduced here ; but I fhali content myfelf

with having mentioned the circumilance, and purfue the fubjeCt of di-

geftion.

To determine with abfolute certainty, in what particular portion of the

canal this important procefs of digeftion is performed, is perhaps impof-

fible ; but there is the greateft reafon to believe that it is principally car-

ried, on in the ftomach, with a little variation in different animals. We
may venture to aflirm that, it does not at all take place in the long and

contracted oefbphagus of the quadruped ; the fecretion of that part being a

flimy mucus, poffeffed of no power iimilar to that of the gaftric juice ;

but only intended to facilitate the paffage of the food into the ftomach.

Neither has the mucus fecreted in certain parts of the cefophagus of

birds, as in the crop of thofe who have one, any digeflive power ; while,

oa the contrary, we find the lower end, which is extremely glandular, to
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be capable of fecreting a juice with all the properties of the gaflric ; and

that paflmg into the cavity of the ftomach, becomes a fubftitute in this

clafs of animals for the deficiency of the fecretion of the ftomach itfelf;

which in fome is lined v/ith a horny fubftance, and in others witli a cuti-

cle. Even in birds, the feat of digeftion is chiefly in the ftomach ; the

juice fecreted in the lov/er part of the cefophagus paffing into that cavity;

and the mucus fecreted by the other parts of the cefophagus, as in the

crop of thofe who have one, has no fuch power. But if any digeftible

fubftance Ihould be retained in the cefophagus, as may happen in many

of thofe who fwallow whole animals, digeftion may even go on in its in-

ferior portion. In the gull and heron, which take down fnakes and fifli

entire, the tails may remain in the cefophagus till the head is digefted in

the ftomach ; and in fuch cafes the tail itfelf may be afted upon in that

fituation.

As a further proof that digeftion is carried on principally in the ftomach,

let us obferve what happens to the yolk of an egg in the bird newly

hatched. The yolk is not in the leaft confumed in the time of incuba-

tion ; but appears to be referved for the nourifliment of the chick, between

the time of hatching, and its either being fupplied with food by its parents,

or being able to procure it for itfelf: for we find, that although the yolk

palTes into the gut at fome diftance from the ftomach, yet it is carried up

to the ftomach to be digefted ; and I have even feen it in the crop, being

i-etained there till wanted.

In thofe animals whofe ftomach confifts of feveral cavities, the precife

place where digeftion is carried on has not been afcertained. I think,

however, that in the ruminating clafs, who have four cavities, it may be

fet down as a fad:, that digeftion goes on in the fourth ; which is beft

proved by feeding the animal with a fubftance that does not require any

kind of preparation for digeftion, fuch as milk. If a calf be killed about

half an hour after it has fucked its mother, v/e ftiall find the whole milk

in the fourth cavity firmly coagulated, and formed into a ball ; while the

firft, fecond, and third cavities, contain only fuch food as requires mafti-

cation, or what other preparation is neceflary to fit it for digeftion. Such
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animals have the power of conveying the food from the cefophagus, either

to the firfl or fourth cavity, according to the nature of the food ; and for

this purpofe there is a groove leading diredlly from the osfophagus to the

fourth ilomach, vi^hich I fuppofe can be converted into a canal when

wanted.

It is polTible that digeftion may likewife be carried on in the duode-

num, efpecially in its upper part ; if either the inteftine fecretes the fame

juice with the ftomach j or that fome of the gaftric juice, and part of the

food, has paffed into the inteftine before it has been completely turned

into chyle.

Although the flomach is the feat of digeftion, it is not folely appropri-

ated to that purpofe ; and in many animals thefe organs are not to be

confidered as only a digeiiing bag or bags, but in part as a refervoir for

food. This is niofl remarkable in the ruminating animals, where the

£rft ftomach or bag is merely a refervoir, and in this refpedt analogous to

a crop. It is the fame in the porpus, and, I believe, in moft animals of

this clafs : although it cannot be fuppofed that thofe return the food who
have not the power to mafticate. In fome animals, who do not rumi-

nate, there is not the fame necefiity for diftindt pouches ; the ftomach

confifling either of one bag, fingly ; or of ftomach with appendages, as

in the Pecari. But the whole organ is not endowed vdth the property of

fecreting the gaftric juice ; there being a part whofe ftru(flure is very dif-

ferent from that appropriated to digeilion, and covered by a cuticle, as in

the firft, fecond, and third ftomach of the ruminating animals ; and in the

firft ftomach of the porpus. The pecari, the common hog, and the rat.

are likewife inftances of this ; and the fame circumftance takes place, in

a fmaller degree, in the horfe. This increafe in the cavity of the ftomach,

beyond what is neceffary for digeftion alone, is peculiar to the animals

that take in more food than is immediately wanted, or whofe food is of

a nature which requires a certain degree of preparation prior to digeftion.

The crop of the eagle, and perhaps the ftomach of the porpus, are of the

firft kind ; the crop in the gallinaceous fowls, and the firft ftomach in ru-

minating animals, of the fecond. It is the difpofition of fuch animals to
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fill thefe cavities j and the quantity which they are capable of containing,

makes them feldomer require to be filled : it is probable, likewife, that it

is the fenfation excited by this fulnefs which gives fatisfadlion to the ani-

mal, and takes off the further defire for food ; an effedl fimilar to what is

produced in other animals from filling the flomach itfelf; and thefe

having no fuch provifion, are longer and oftener employed in purfuit of

food.

I fhould be apt to confider the power of the gaftric juice to coagulate

milk, and fome other animal mucilages*, as a tefb of the ftomach being

the feat of digeftion : for although milk may be coagulated by other fub-

ftances, yet when found in that ftate in the flomach, it is probably for the

purpofe of digeftion ; milk, and many other natural fubfiances, requiring

to be coagulated before they can be digefted. I have found this coagu-

lating power in the flomach of every animal that I have examined for that

purpofe, from the mofl perfedl down to reptiles : and in the appendages

which I have confidered as only refervoirs preparatory to digeftion, (as the

firft flomach in the ruminating animal, and the crop in birds) I have dif-

covered no fuch power. Yet it is not the digeffcive power which coagu-

lates thofe fubfiances ; complete coagulation taking place even where di-

geflion does not at all go on. This is evident every day in children that

fuck, and who have difeafed flomachs ; for we fee them throw up the

milk coagulated, and difcharge it undigefled by flool. A very remarkable

inflance occurred in a child that had lofl entirely the power of digeflion ;

yet the milk taken down came away flrongly coagulated ; fome even as

firm almofl as cheefe ; which feems to fhew, that the coagulating power

is feldom wanting, although the other may.

The gaflric juice is a fluid fomewhat tranfparent, and a little faltifh or

brackifh to the tafle ; but vi'hether this is eflential, or only accidental, is

* Millc is the fubfiance commonly known to be coagulated by the gaftric juice : but I find

that it has alfo the fame power over the white of an egg. Give to a dog fome raw egg, and

kill him half an hour after he has fwallowed it, the egg will be found coagulated in his

ftomach, as if boiled ; the cryftallijie humour, in the ftomachs of fifhes, is likewife found co-

agulated

»
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not eafily determined. Indeed, there are very few of our fecretions which

have not fome fait in them ; it being found in the tears, the faHva, the

fecretion of the glans penis, of the glands of the urethra, and in the firft

and the lafl milk fecreted in the udders of animals.

I am not inclined to fappofe that there is any acid in the gailric juice

as a component or effential part o£ it ; although an acid is very com-

monly difcovered, even when no vegetable matter has been introduced into

the ftomach*. The acid may be increafed in fome difeafes ; and in others

the difpofition to form it may be deftroyed; which may be the reafon

why, by a kind of inftindive principle, many girls are fond of eating four

fruit, and of drinking vinegar ; while others, on the contrary, from a dif-

ferent caufe, often eat chalk, lime, and other fubftances of that fort : but

the acid not being alv/ays found, it is not yet determined on what occa-

fions it is formed, or in what manner it is deftroyed.

The procefs of digeilion differs from every other natural operation, in

the change it produces on different bodies ; yet is by no means fermenta-

tion, though it may fomewhat refemble it. For fermentation, a fponta-

neous procefs, is that natural fucceffion of changes by which vegetable

and animal matter is reduced to earth ; therefore muft be widely different

from digeftion, which converts both animal and vegetable fubftances into

chyle i in the formation of which there cannot be a decompofition, ffmilar

to fermentation.

* The,only trial to which I ever put the gaftric juice, was with the fyrup of violets, to af-

certain if it was acid; and in many of the trials the colour of the mixture was changed to red:

but it is neceflary for the accuracy of the experiment, which is to determine this faft, that the

animal fhould not be fed upon vegetables for fome time before the trial is made, thefe being

liable in fome degree to become four ; therefore it is hardly fair to malce the experiment on

the contents of the ftomach of animals who live upon vegetables. In many trials of this

kind we may be deceived, and led to fuppofe an alkali. For certain animal fecretions being

of a yellow caft, when fuch are mixed with the fyrup of violets, the mixture is changed to a

green. The truth of the experiment may, hov/ever, be known by adding a little acid ; for if

the green has been produced merely by a mechanical mixture, it will become immediately a

fcarlet, by being then a mixture of red and yellow : but if the fecretion is not only of a yellow

colour, but of an alkaline nature, it will alfo continue green j and by adding a little more acid

than what faturates the alkali, the colour will then become orange.
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Digeftion is likewife very different from chymlcal folution, which is

only an union of bodies by eleftive attradlion. But digeflion is an affimi-

lating procefs j and in this refpecft is fomewhat fimilar in its adion to

that excited by morbid poifons. . It is a fpecies of generation, tvi'o fubftan-

ces making a third j but the curious circumflance is its converting both

vegetable and animal matter into the fame kind of fubftance or compound,

which no chymical procefs can effedt. The chyle is compounded of the

gaftric juice, and digeftible fubfc^i.nces Vv'hen perfectly converted ; and it is

probable that the quantity of gaftric juice may be nearly equal to that part

of the food which is really changed into chyle j if fo, it demonftrates the

neceffity of a very quick fecretion, to fupply a quantity fo very confiderable;

but v^'ith this advantage, that it is not lofl to the conftitution.

The progrefs of the converfion of food into chyle, may be often feea in

the ftomach of animals at different times after feeding. Fifhes are good

fubjed'S on which to make obfervations for this purpofe, as they fwallow

their food whole ; and as that food is commonly fifh, and often too large

to be completely admitted into the flomach. As they do not mafticate

their food, it is not adapted to the cavity of the flomach ; and therefore

part of it is often found lying in the cefophagus j a circumflance by which,

the comparitive progrefs of digeflion is rendered more obvious.

It may alfo be well obferved in the flomach of a dog, in which the

whole quantity taken has been fwallowed at once. In the great end the

food will be but little altered ^ towards the middle, more ; and towards

the pylorus, it will be fimilar to what is found in the duodenum.

From the llrudure of the flomach in ruminating animals, they are

badly adapted to affift our inquiries on this fubjed : becaufe metalic balls,

or whatever is fwallowed in fo hard and folid a form, as. to be unfit for

digeflion, requiring to be ruminated, will often be thrown out when re-

turned into the mouth for that purpofe ; or it may lie a long time in the

firft flomach without being either thrown up or paffed into the fourth, as

I have frequently feen ; therefore the chance of its getting into the fourth

ilomach in a proper time to fit it for the objed of an experiment, being

very uncertain, no great light can be derived from trials made on animals

of this clafs.
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Live or frefh vegetables, v^^hen taken into the ftomach, are firft killed,

by which a flabbinefs in their texture is produced, as if they had been _

boiled J and then they can be aded upon by the gaflric juice.

Meat appears to undergo no change, as preparatory to digeftion ; but

at once to fubmit to its union with the gaflric juice : for after having ^^
been ailed upon, it feems firfl to lofe its texture ; then becomes cineritious ^^
in colour ; next gelatinous ; and lail, chyle. The firfl change made upon \.

milk, and fome other fecretions, as the yolk and white of an egg, is coa-

gulation ; after which the gaflric juice begins to acquire a power of uni-

ting with them.

The iirfl change which is produced on animal fubflances, out of the

body, either by being expofed to heat, or by becoming fpontaneoufly pu-

trid, is fimilar to the fecond of the three changes which takes place in

digeflion ; and is only preparatory to the complete change, whether that

be digeftion or putrefadtion.

It appears from many experiments, that the digefled or animalized part,

when carried into the inteftine, is attradled by the villous coat, or clings '

to it as if entangled among the villi j while the excrementitious part,

fuch as bile, is found lying unconnected in the gut, as if feparated from

the other.

The food of animals in general confifls of vegetable or animal fubflan-

ces ; and vegetables feem intended to fupport one clafs, with a view to

its being the food of another. Although there are clafTes of animals in-

tended to fubfifl on each particular kind of food, yet they do not all .

'

invariably keep to the fame kind in every flage of life j many being nou-

rifiied by animal food when young, that afterwards live on vegetables

:

which circumflance will be more fully difcufled when treating of the firfl

food of pigeons. . .

All ftomachs do not equally digeft the fame fubflance, although it be

their natural food. The caterpillar digefts the exprefTed juice, but not

the fubf!:ance ; while other animals are capable of difTolving nearly the

whole. Some animals, as the common cattle, can feed on a variety of

vegetables, although they may have a preference ; but there are others

F f
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that will hardly eat of more than one kind. Of this laft fort are infers

in general ; and the filk-v/orm will fcarcely touch any thing but mul-

berry leaves : but I believe thofe that live upon animal food are not fo re-

flridled in their choice.

It is probable that, all animal and vegetable fubfcances are equally capa-

ble of being digeiled, if equally foft in their texture ; but fome being much
firmer in that refped, and others alfo united with indigeftible matter, as

the earth in bones, more flrongly refifh the powers of the gaflric juice;

therefore maftication, and trituration, become neceflary to bring them to a

fimilar confiftence. But fubftances may be rendered too foft; for a fluid

is difficult of digeftion ; and we may oblcrve that, Nature having given us

very few fluids as articles of food, to render thefe few fitter for the aftioa

of the digeftive powers, a coagulating principle is provided to give them

fome degree of folidity*. It is not eafy to afiign a reafon why fluidity

fhould be unfavourable to the procefs of digeftion ; more efpecially as it

feems eflfential to thofe of fermentation and chymical folution. The re-

quifite degree of folidity, I fliould fuppofe to be, that of curd, or what is

produced by the coagulation of animal mucilages, as of the white of an

egg; but this is only fuppofition, founded on the idea that Nature's general

principles are right, and all the correfponding parts adapted to one another,

except when monftrous, either in form or action.

Maftication is the efi^edt of a mechanical power, produced by parts par-

ticularly provided for that purpofe, which are of various kinds, fitted for

that fort of food on which the animal is by Nature intended to live ; and

may be imitated with equal advantage by m.any other pieces of mechanifm.

The mafticating pov/ers are of three kinds. The firft is that which

merely fits the fubftance for deglutition, as in the lion, and' many other

carnivorous animals ; and which, in the ruminating tribe, renders the food

fit to be fwallowed, that it may undergo fuch preparation in the firfi: fto-

* The circurnftance of the chryftalline humour, which is folid, being coagulated, prior to

its being digefted, renders it probable that all animal fubftances go through that procefs ; and

that tlie lofs of texture, which they undergo, arifes from coagulation.
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mach as is necelTary before it is further. mafticated for digeilion. The

fecond is that, which not only fits the food for deglutition, but expofes it

to the adlion of the gaftric juice, by breaking the (hells or hufks in which

the nourilhment is contained, and in which it would be defended from the

powers of digeftion. And the third is, that which divides and bruifes the

food, before it is received into the flomach ; which maftication is of con-

fiderable fervice, by producing a faving in food.

The hufk, of the feeds of plants, although a vegetable fubftance, appears

to be indigeftible in its natural ftate ; whether this arifes from the nature

of the hufk itfelf, or from its compadnefs, T am not quite certain, but am
inclined to fuppofe the laft ; as we find the cocoa, which is only a huilc,

to be digeftible when ground to a powder and well boiled. We know

likewife, that cuticle, horn, hair, and feathers, although animal fubflances,

are not affecfled, in the firft inftance, by the gaftric juice ; yet if reduced in

Papin's digeftor to a jelly, that jelly can be aded upon in the ftomach i

we muft therefore fuppofe that, a certain natural degree of folidity in animal

and vegetable fubflances renders them indigeftible. This compadlnefs in

the hufk feems to be intended to preferve, while under ground, the farina-

ceous part of the feed, in which the living principle is placed ; the hufk

having probably no other power of refifting putrefaftion than what arifes

from its texture ; but whatever may be the ufe of the hufk, it mull be

connected with the vegetative procefs of the plant. The fame purpofe

of prefervation is probably anfwered by the fhells of all ova. Although

hufks are not capable of being diffolved in the gaflric juice, they allow of

tranfudation ; and that the feed is in fome degree afteded by it, is known
by its fwelling in the ftomach ; yet it can only take up a certain propor-

tion of it, and that not fufficient to convert it into chyle; the gaftric juice

having no power of aftion upon the hufks themfeives ; therefore we fee

grain of all kinds, Vv'hen fwallowed whole, pafs through entire, though

fwelled ; and even the kernels of fome nuts, as chefnuts, are not digeftible

when eat raw.

The effential oils of vegetables and animals are indigefcible j but being

foluble either in the gaflric juice or chyle, they become medicinal, from
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their ftimulatlng powers. The eflential oil of vegetables, but more parti-

cularly that of animals, feems to pervade the very fubftance of thole ani-

mals whofe food contains much of this oil. Thus, we find fea-birds,

whofe conflant food is fifh, tafte very ftrongly of fifh j and thofe who live

on that kind of food, only during certain times of the year, as the wild

duck, have that tafte only at fuch feafons. This fait is fo well known,

that it was hardly neceffary to put it to the teft of an experiment j yet I

took two ducks, and fed one with barley, the other with fprats, for about

a month, and killed both at the fame time ; when they were dreffed, the

one fed wholly with fprats was hardly eatable, it tafted fo ftrongly of fifh.

Although bones are in part compofed of animal fubftance, and fo far

digeftible, yet they require ftrcnger powers to digeft them than commoa
meat, from the animal fubftance being guarded by the earth. Thus the

animal part of a bone is lefs eafily foluble in an alkali than flefh, or than

even the animal part when deprived of its earth by an acid j nor will a

bone, being guarded by the calcarious earth, fubmit to putrefadlion fo

readily as meat ; therefore animals who live upon others, and fwallovv

them whole, as the heron, digeft bone with more eafe, than the crow or

magpye that are not accuftomed to fwallow bones, but commonly pick the

flefli only.

The degree of eafe, or difficulty, with which fubftances are digefted,

will not only arife from a difference in folidity, but from a difference in.

the ftructure of the parts themfelves : brain, liver, mufcle, and tendon,

being digeftible in the order here put down.

There is not only a difference in the degree of facility with which the

various kinds of natural food are digefted j but thefe can alfo be made to

undergo changes by art, which render them ftill more eafy of digeftion :

for it appears from my experiments, that boiled and roafted, and even

putrid, meat is eafier of digeftion than raw, which in the two firft, may be

fuppofed to arife from their juices being coagulated; but the fame reafon

will not hold good with regard to the putrid. A raw egg is thought

more eafy of digeftion than an egg hard boiled, although the raw one aiuft

J3,e coagulated in the ftomach before it can be digefted ; and it has like^
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wife been obferved, that what is eafy of digeftion in one flomach will not

be Co in another ; but fuch cafes may probably arife from the ftomach not

being in a healthy ftate.

In many animals the whole of the food does not appear to be digefted,

the fubftance in part being found in the f^ces ; for if a dog is fed

'

with tallow, his excrements will conllft of a fomewhat firm undluous

fubftance ; fo that the oil is only digefted in part. The circumflance of

fome part of the food, though digeftible, not being adled upon by the

gaftric juice, may arife from two caufes ; firft, from many parts of vege-

tables being too firm in texture to be digefted in the fame time with the

other food, and being therefore carried along in a crude ftate, together with

the chyle, into the duodenum ; and fecondly, from the ftomach at the time

being fo much difordered as to digeft imperfed;ly. We know that food

may lie a confiderable time in the ftomach, when it is difeafed, without

being digefted. Food has been retained in the ftomach twenty-four hours,

and thrown up without being in the leaft altered ; the animal at the time

not requiring nourifliment : this often arifes from difeafe, and is alfo the

cafe with thofe who go to reft in the winter.

The powers of digeftion may, in fome inftances, be eftimated by the

appearance of the excrement, in which if the food appears not to be much

altered, we may conclude, that digeftion has had little or no influence on

it. Thus the excrement of a flea, that has lived on blood, is nearly to ap-

pearance pure blood, not having even loft its colour.

Animals take food in proportion to the quantity of nouriftiment con-

tained in it, of which the ftomach appears from inftinft, to be capable of

judging ; and alfo in proportion to the powers they pofl'efs of converting

what they eat into chyle. A caterpillar, perhaps, eats more in proportion

to its fize than any other animal that lives on the fame kind of food ; for

not having the power of difl'olving the vegetable, but only of extracting a

juice or infufion from it j the bit of leaf com,es away entire, coiled up and

hardened ; but by being put into v^ater unfolds like tea.

There are few animals that do not eat flefli in fome form or other^

while there are many who do not eat vegetables at all j and therefore the
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difficulty to make the herbivorous eat meat, is not fo great, as to make

the carnivorous eat vegetables. Where there is an inftinftive principle in

an animal, diredling it either to the one fpecies of food or the other, the

animal will certainly die, rather than break through, of its own accord,

that natural law j but it may be made to violate every natural principle

by artificial means. That the hav/k tribe can be made to feed upon

bread, I have known thefe thirty years ; for to a tame kite I firft gave

fat, which it eat very readily ; then tallow and butter ; and afterwards

fmall balls of bread rolled in fat or butter ; and by decreafing the fat

gradually, it at laft eat bread alone, and feemed to thrive as well as when

fed with meat. This, however, produced a difference in the confiftence

of the excrements ; for when it eat meat they were' thin, and it had the

power of throwing them to fome diflance; but when it eat bread, they

became firmer in texture, and dropped like the excrement of a common
fowl. Spallanzani attempted, in vain, to make an eagle eat bread by

itfelf ; but by enclofing the bread in meat, fo as to deceive the eagle, the

bread was fwallov^^ed, and digefted in the ftomach.

The excrements of animals we may fuppofe to be that part of the com-

mon food which is indigeftible ; and as food is either animal or vegeta-

ble, and each diiTerent kind adapted to diftinft clafTes of animals, it is

natural to believe that the excrementitious part of each will be different ;

and where the animal feeds upon both, that the excrement will be of a

mixed nature. Although this appears probable, it is only true in a cer-

tain degree ; for the mode of digeflion, and whether the animal has a

caecum and colon, with their peculiar form, have all an influence in the

changes which the food undergoes. Vegetable food produces more ex-

crement than animal, and this according to the kind or parts of vegetables

that are eaten. The woody parts and hufks, which are indigeflible, pro-

duce the moft ; the true farinaceous part the leaft : why there fhould be

any at all from the farinaceous, and animal fubftance, except what has

eluded the action of the digeftive organs, is not eafily accounted for.

All fteces have a tendency to putrefadlion, but leaft in thofe animals

who feed on vegetables. Indeed, the excrement from vegetable food alone
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could hardly ever become putrid, if it was not mixed with the mucus of

the intellines ; and would even then be kept fweet by the tendency which

undigefted vegetables have to take on thevinous and acetous fermentation.

But the fsces of thofe which live entirely on animal food, in general very

foon become putrid ; and indeed often before they are voided : but fuch

animals are either without cascum or colon ; or if not, what they have is

very fhort ; fo that the excrement not being long retained, has lefs time

to become putrid. When the fasces Magnate fo as to take on either the

vinous or putrefa£live fermentation, air is let loofe, which will be accord^

ing to the nature of the fermentation j moil probably, from the vegetable

it will be fixed ; and from the animal, inflammable air.

The fsces of the greateft number of animals are tinged by the bile,

which in fome gives them a yellowiih green colour ; in the bird they are

generally green, but fometimes white, from being mixed with the urine.

The fceces of the maggot appear to be loaded with bile ; for befides being

yellow, they are extrem.ely bitter ; which is knov/n by eating the kernel

of a nut that has a maggot in it. Some kinds of food, when not wholly

digefted, give a tinge to the fasces, as grafs to the excrement of cows.

The animals which feed upon vegetables alone, commonly have their

faeces fomewhat folid ; but the degree will vary according to the flate of

the vegetable, whether green or dried ; and therefore the particular ilate

of the ftEces will depend on the nature of the indigeftible part of the food,

and muft be diiferent according to the digeftive powers in diiferent ani-

mals. An animal that feeds upon grafs, has the fasces much fofter than

when fed on the fame kind of grafs made into hay ; and therefore the

fasces of the herbivorous animals are fofter in the fummer than the v/inter

:

but green vegetable food does not produce foft fasces in all animals j for

the caterpillar, which lives upon the leaves of vegetables, has its fxces

alm-Ojfl: dry ; and we find in fome ruminating animals, as flieep, that the

difference in the fseces, during fummer and winter, is inconfiderable. The
quadrupeds, and birds, that live principally upon vegetables, generally

have their cseca large, and the colon long, as we fee in many of the rumi-

nating animals. Some have the colon both long and large, as the horfcj
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and thofe of the rat tribe ; which circumftance has confiderable efFe<3:s In

allowing the feces to become dry : in a few of the ruminating animals,

and of the rat kind, they are formed into fmall portions.

The faeces of quadrupeds, living upon animal food, are commonly foft,

and in birds are fluid ; but in fuch as live on both animals and vegetables,

they are in confiftence of a mixt nature, and will be m.ore or lefs foft, ac-

cording to the food. If a dog is fed entirely on animal fubftance, its

fsces will be foft ; if wholly on vegetable, as on bread, they will become

fo hard as to be expelled vv'ith difficulty.

Spallanz'ani made fome experiments, to prove that digeftion is carried

on after death ; but they are not fo condudted as to correfpond with the

appearances met with in the dead body, where that procefs has taken

place, and the coats of the flomach itfelf have been in part digefted. An
experiment, although it m.ay be very well and accurately made, fo far as

the experiment goes, if a clofe connexion is not preferved with the

purpofe for which it was made, the conclulions to be drawn from it can-

not correfpond with the intention. This is exaftly the cafe with the ex-

periments of Spallanzanii which, although they prove that meat was

digefted in the ftomach after the animal was killed, (which no one

doubted) yet are not at all calculated to fhow that the ftomach itfelf may
be digefted. In fadt, the mode in which they were managed, rather

tended to prevent that efFeft from taking place, for the gaftric juice, by

having fubftances introduced on which it could aft, was lefs likely to

afi'ed the coats of the ftomach. That the digeftion was not carried on

merely by the gaftric juice fecreted before the animal was apparently dead,

is evident from his own account, fome of the food which had been intro-

duced and digefted, being found in the duodenum ; a thing that could not

have happened, if a ceflation of the adions of life in the involuntary parts

had taken place when vifible life terminated. There had been an adion,

and moft probably a fecretion, in the ftomach. The only experiment

that can be made with any probability of a decided refult is, to kill the

animal while the ftomach is empty, and obferve what afterwards takes

place. There are few ftomachs that do not fhew, when examined after
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death, feme of the inner villous coat deftroyed ; which may have been

done by the gaftric juice in the dudls of the glands which fecrete it.

Dr. Stevens, in an inaugural differtation on this fubjedl, publifhed at

Edinburgh 1777, gives a number of experiments, fome of which are well

devifed, to afcertain the fubftances that are ealieft of digeftion ; a thing

in fad; more wanted, than the caufe of that procefs : but many of his ex-

periments, more efpecially thofe on ruminating animals, were not made

with fufficient accuracy. How the chopped hay and pot-herbs came to

be fo much changed in the firft ftomach of a ruminating animal I cannot

conceive, as I have reafon to believe it has not the leaft power of digeft-

ing ; and fliould doubt very much that hay was capable of being wholly

digefted in any ftomach. His experiment made on fubflances out of the

body, proves that the gaftric juice is not able in all cafes to prevent the

vinous and acetous fermentation in vegetables ; and is a circumftance

which I believe often takes place in the living body, when the ilomach is

weak. He feems to be in fome apprehenfion for the fafety of the ftomach

itfelf, from the adion of fo povv'erful a folvent as the gaftric juice : but

though inclined to fuppofe that the living powers of the animal may

guard it againft fuch effeds ; yet he is Hill difpofed to fear that, in all

cafes they may not be futScient.

The living power, in the ftomach, muft indeed be very weak to adinit

of its being digefled ; where that v/as likely to happen, I imagine the

fecretion of the gaftric juice would be too defedive to allow of the fto-

mach being aded upon.

Dr. Stevens gives two cafes, with the diffedions, to prove that the

living ftomach has not always the power to refift the adion of the gaftric

juice : but he has not made it clear, that thofe very ftomachs might not

have been digefted after death. The appearance of the edges of the hole

fliould have been more particularly defcribed ; for if it took place before

death, it is probable it was owing to ulceration, which I have fometimes

feen. Men ftwuld be very accurate in afcertaining the truth of fads, be-

fore they advance them, efpecially when they tend either to overturn a

received opniion, or to eftablifti a new one. As to the poffibility of ani-

Gg
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mals fwallowed alive being digefted, no frefh proofs are necefTary, as we

eat oyfters every day ; but this does not prove that they are digefted while

alive. In his experiments made on ruminating animals, and the dog, as

the vegetables were not fo readily digefted as the meat, he concludes,

'•' It is poffible every fpecies of animal has its peculiar gaftric liquor,

capable of dilTolving certain fubftances only"; which is certainly not true.

Mr. Senebier relates fome experiments made by Mr. Golle, upon him-

felf ; but which hardly contain any thing, except a curious conjedlure of

Mr. Senebier's, " That diilention of the ftomach is the caufe of the fe-

cretion of the gaftric liquor." He mentions the fubftances, both animal

and vegetable, v.'hich are not digeftible ; then thofe difficult of digeftion ;

afterwards, thofe eafily digefted ; alfo what fubftances facilitate digeftion,

and what retard it. But if we are to judge of the truth of thefe fafts

from a detail of the experiments which he made to afcertain them, I am
inclined to believe that the experiments have not been made with fuffi-

cient accuracy to be depended upon.

ON THE DIGESTION OF THE STOMACH AFTER DEATH.

The following account, of the Stomach being digefted after Death,

was drawn up at the delire of the late Sir John Pringle, when he was

prefident of the Royal Society ; and the circumftance which led to it was

as follows : I had opened, in his prefence, the body of a patient who had

been under his care, in which the ftomach was found to be in part dif-

folved ; a thing that appeared to him very unaccountable, there having

been no previous fymptom which could have led him to fufpetft any dif-

eafe in the ftomach. I took that opportunity of explaining to him my
ideas refpedling it ; and that having long been employed in making expe-

riments on digeftion, I had been induced to confider this as one of the

fads which proved a converting power in the gaftric juice. I mentioned

my intention of publiftiing the whole of my obfervations on digeftion at

fome future period ; but he delired me, in the mean time, to give this
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fadt by itfelf, with my remarks ; as it would prove that there is a folvent

power exifting in the ftomach, and would be of ufe in the examination of

dead bodies.

An accurate knowledge of the appearances in animal bodies, where

death has been the confequence of fome violence while they were other-

wife in health, ought certainly to be confidered as neceffary to qualify us

to judge truly of the ftate of the body in thofe that die of difeafes. An
animal body undergoes changes after death j but it has never been fuffi-

ciently confidered what thofe changes are, or how foon they may take

place ; yet till this be done, it is impoffible we can form an accurate

judgment of the appearances which prefent themfelves at the time of in-

fpedlion. The difeafes of an animal body (mortification excepted) are

always connected with the living principle, and are not in the leaft fimi-

lar to the changes which take place in the dead body : without a know-

ledge of this, an opinion drawn from difleflions muft always be very

imperfedt, or very erroneous. Appearances which are in themfelves na-

tural, may be miftaken for thofe of difeafe : we may fee difeafed parts,

and fuppofe them in a natural flate ; we may coniider a circumftance to

have exifted before death, which was really a confequence of it ; or we
may imagine it to be a natural change after death, when it was in fa(fl a

difeafe of the living body. It is.eafy to fee, therefore, how a man in this

ftate of ignorance muft blunder, when he comes to conned: the appear-

ances in a dead body with the fymptoms that were obferved in life ; and

indeed, all the advantage to be derived from opening dead bodies, depends

upon the judgment and fagacity with which this fort of comparifon is

made.

There is a cafe of a mixed nature, which can neither be reckoned a

procefs of the living body, nor of the dead ; it participates of both, inaf-

much as its caufe arifes from life, and the efFedt cannot take place till

after death. To render this more intelligible, it will be neceffary to ffate

fome general ideas concerning this caufe and effedl.

An animal fubftance, when joined with the living principle, cannot

undergo any change in its properties but as an animal ; this principle al-
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ways ading ^nd preferving the fubilance poiTefTed of it from diffolution,

and from being changed, according to the natural changes which other

fubftances undergo.

There are a great many powers in nature, which the living principle

does not enable the animal matter, with which it is combined, to refiflr,

viz. the mechanical and moft of the ftrongeft chymical folvents. It ren-

ders it, however, capable of refifting the powers of fermentation, digeflion,

(and perhaps feveral others) which are v/ell known to adl on this Came

matter, and entirely to decompofe it, when deprived of the living princi-

ple. The number of powers v/hich thus ad: difterently on the living and

dead animal fubftance not being afcertained, we fhall only take notice of

two, putrefadion and digeftion, which do not afFed this fubftance, unlefs

when it is deprived of the living principle. Putrefadion is an eiFed which

arifes fpontaneoufly ; digeftion is an effed of another principle, and Ihall

here be confidered a little more particularly.

Animals, or parts of animals, poflelTed of the living principle, when

taken into the ftomach, are not in the leaft affeded by the powers of that

vifcus, fo long as the animal principle remains ; hence it is that we find

animals of various kinds not only can live in the ftomach, but are even

hatched and bred there : yet the moment that any of thefe lofe the living

principle, they become fubjed to the digeftive powers of the ftomach. If

it were poffible for a man's hand, for example, to be introduced into the

ftomach of a living animal, and kept there for fome confiderable time, it

would be found, that the diflblvent powers of the ftomach could have no

effed upon it ; but if the fame hand were feparated from the body, and

introduced into the fame ftomach, we fliould then find that the ftomach

could immediately ad upon it. Indeed, if the firft were not the cafe,

the ftomach itfelf ought to have been made of indigeftible materials ;

for were not the living principle capable of preferving animal fubftances

from being adedupon by the procefs of digeftion, the ftomach itfelf

would be digefted : and accordingly we find that the ftomach, which at

one inftant, that is, while poflefled of the living principle, was capable of

refifting the digeftive powers which it contained, the next moment, viz.
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when deprived of the living principle, is itfelf capable of being digefled,

not only by the digeftive povi'ers of other ftomachs, but even by the re-

mains of that pov/er which itfelf had of digelting other things.

Thefe obfervations lead us to account for an appearance which we often

find in the flomachs of dead bodies ; and they at the fame time throw

confiderable light upon the nature of digeftion. The appearance we al-

lude to, is a dilTolution of the flomach at its great extremity; in confe-

quence of which^ there is frequently a confiderable apperture made in that

vifcus. The edges of this opening appear to be half diffolved, very much
like that kind of folution which flelliy parts undergo when half digefled

in a living ftomach, or when a6tcd upon by a cauftic alkali, viz. pulpy,

tender, and ragged.

In thefe cafes the contents of the flomach are generally found loofe in

the cavity of the abdomen, about the fpleen and diaphragm ; and in many
fubjed:s the influence of this digeftive power extends much further than

through the flomach. I have often found, that after the ftomach had

been dilTolved at the ufual place, its contents let loofe had come into con-

tadl with the fpleen and diaphragm, had diffolved the diaphragm quite

through, and had partly affected the adjacent fide of the fpleen, fo that

what had been contained in the ftomach, was found in the cavity of the

thorax, and had even afFefted the lungs to a fmall degree.

There are very few dead bodies in which the ftomach at its great end

is not in fome degree digefted j and one who is acquainted with diffedlions

can eafily trace thefe gradations. To be fenfible of this effeft, nothing

more is neceffary than to compare the inner furface of the great end of

the ftomach with any other part of its inner furface ; the found portions

will appear foft, fpongy, and granulated, and v/ithout diftincSb blood-

vefTels, opake and thick ; while the others will appear fmooth, thin, and

more tranfparent ; and the veffels will be feen ramifying in its fubftance,

and upon fqueezing the blood which they contain from the larger branches

to the fm.aller, it will be found to pafs out at the digefted ends of the vef-

fels, and to appear like drops on the inner furface.

Though I have often feen fuch appearances, and fuppofed that they
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muil: have been feen by others, yet I was quite at a lofs to account for

them. At firfi, I fuppofed them to have been produced during life, and

was therefore inchned to look upon them as the caufe of death ; only that

I never found they had any connexion with thfe patient's fymptoms : but

I was ftill more at a lofs to account for them, when I difcovered they were

moil: frequent in thofe who died by fudden violence ; a circumflance which

made me fufpeft that the true caufe was not guelfed at*.

At this time I was employed in making experiments upon digefliion in

different animals ; all of which were killed at different times, after having

been fed with various kinds of food j many of thefe were not opened im-

mediately after death, and in fome of them I found the above defcribed

appearances in the flomach. The better to purfue my inquiry on the

fubjed of digeftion, I procured the flomachs of a vaft variety of iiflies,

whofe deaths are always violent ; and who may be faid to die in perfed:

health, with their itomachs ufually full. In them we can obferve the

progrefs of digeftion moft diftindlly; the fhape of their ftomachs be-

ing very favourable for that purpofe. They likewife fwallow their food

whole, that is, without maftication ; and fwallow fifh that are much lar-

ger than the digefting part of the ftomach can contain ; therefore in many

in fiances the part fwallowed, which was lodged in the digefting part of

the flomach, was found more or lefs difTolved, while that which remained

* The firft time that I had occafion to obferve this appearance, where death had been pro-

duced by violence, and where it could not therefore eafily be fuppofed to be the efFeiJt of

difeafe, was in a man who had his fkull fradtured by one blow of a poker. Juft before this

accident he had been in perfedt health, and had taken a hearty fupper of cold meat, cheefe,

bread, and ale. Upon opening the abdomen, I found that the ftomach, though it Hill con-

tained a good deal, was diffolved at its great end, and a confiderable part of its contents lay

Joofe in the general cavity of the belly ; a circumflance which puzzled me very much. The
fecond inflance was in a man who died at St. George's Hofpital, a few hours after receiving a

blow on his head, which fraftured his fkull. From thefe two cafes, among various conjec-

tures about fo flrange an appearance, I began to fufped: it might be peculiar to cafes of frac-

tured fkull ; and therefore, whenever I had an opportunity, I examined the flomach of every

perfon who died from that accident ; but I found many of them which had not this appear-

ance. I afterwards met with the fame appearance in a man who had been hanged.
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in the oefophagus was perfectly found : and in many of thefe I faw the

digefting part of the flomach itfelf reduced to the fame diffolved jftate as

the digefted part of the food.

Being employed upon this fubjecEl, and therefore enabled to account

more readily for appearances which had any connexion with it, and ob-

ferving that the half-diffolved parts of the ftomach were fimilar to the

half-digefted food, it immediately ftruck me, that it was the procefs of

digeftion going on after death ; and that the ftomach, being dead, was no

longer capable of refifting the powers of that menftruum, which itfelf had

formed for the digeilion of food.

Thefe appearances of the ftomach after death, throw conliderable light

on the principles of digeftion, and fhow, that it neither depends on a me-

chanical power, nor contractions of the ftomach, nor on heat, but fome-

thing fecreted in the coats of the ftomach, and thrown into its cavity,

which there animalifes the food, or affimilates it to the nature of the

blood. The power of the gaftric juice is confined or limited to certain

fubftances, generally of the vegetable and animal kingdoms ; and although

this menftruum is capable of adting independently of the ftomach, yet it

is indebted to that vifcus for its exiftence and continuance.
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PLATE XIV.

A portion of inteftine of a hog, the peritoneal coat of which Is covered

in feveral places with fmall pellucid cyfts, containing air.

It was fent to me by my friend Mr. Jenntr, furgeon at Berkley, who
informed me, that this appearance is found very frequently upon the in-

teftines of hogs that are killed in the fummcr months.

A The portion of the mefentery.

B The portion of inteftine on which the air-cells are iituated.

Hh
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ON A SECRETION IN THE CROP OF BREEDING
PIGEONS, FOR THE NOURISHMENT OF THEIR
YOUNG.

THE nourishment of animals admits, perhaps, of as much variety

in the mode by which it is to be performed, as any circumftance

conneded with their CEConoijiy ; whether we confider their numerous

tribes, the different ftages through which every animal palTes, or the food

adapted to the fupport of each, in their diftincl conditions and fituations.

We are likewife to include in this view, that endlefs variety, in the means

by which this food is procured, according to the clafs of the animal and

the particular ftage of its exiftence. If the food was the fame through

every period of the life of an animal; if every individual of a tribe lived

on the fame kind, and procured it by the fame mode, our fpeculations

would then admit of a regular arrangement. But when we fee that the

food adapted to one ftage of an animal's life is rejedted at another; and

that animals of one clafs in fome refpedis refemble thofe of another, by

hardly having any food peculiar to themfelves, the fubjed becomes fo

complicated, that it is not furpriling if we are at a lofs to arrange the va-

rious modes by which animals are nourifhed.

Animal life may not improperly be divided ir»to three fiates, or ftages.

The firft comprehends the produdtion of the animal and its growth in the-

fcetal ftafe: the fecond commences when it emerges from that ftate by

what is called the birth; yet for a certain time muft, either mediately or

immediately, depend on the parent for fupport; the third may be faid to

take place when the animal is fit, and at liberty, to adl for itfelf. The

firft arid third ftages are perhaps common to all animals; but there are

fcrrie clafies, as fi(hes, fpiders, &c. which feem to have no fecond ftage,.

but pafs diredly from the firft to what is the third in other animals. Of
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thofe requiring a fecond ftage, the polypus and the viviparous animals

continue to derive their nourifhment immediately from the parent j v/hile

the oviparous are for fome time fupported by a fubftance originally formed

with 4:hem, and referved for that purpofe.

There is infinite variety in the means by which Nature provides for the

fupport of the young in the fecond ftage of animal life. In many infed:s

it is effedted by the female inftindtively depofiting the egg, or whatever con-

tains the rudiments of the animal, in fuch a fituation that, when hatched,

it may be within reach of proper food: others, as the humble-bee and

blackbeetle, colledl a quantity of peculiar fubftance, which both ferves as

a nidus for the egg, and nouri(hment for the maggot, when the embryo

arrives at that flate. Moft birds, and many of the bee tribe, colle6l food

for their young; when at a more advanced period, the talTc of feeding

them is performed by both male and female, with an exception in the

common bee, the young ones of which are not fed by either parent, but

by the working bees, who aft the part of the nurfe. There is likewife

a number of animals capable of fupplying immediately from their own

bodies, the nourifliment proper for their offspring, during this fecond flage;

a mode of nourifhment which has hitherto been fuppofed to be peculiar

to that clafs of animals which Linnasus calls Mammalia ; nor has it, I

imagine, been ever fufpefted to belong to any other.

I have, however, in my inquiries concerning the various modes in which

young animals are nouriflied, difcovered that all of the dove kind arc

endowed with a fimilar power. The young pigeon, like the young quad-

ruped, till it is capable of digefting the common food of its kind, is fed

with a fubftance fecreted for that purpofe by the parent animal : not as

in the Mammalia by the female alone, but alfo by the male ; which, per--

haps, furniflies this nutriment in a degree ftill more abundant. It is a

common property of birds, that both male and female are equally em-

ployed in hatching, and in feeding their young in the fecond ftage; but

this particular mode of nourifhment, by means of a fubftance fecreted in

their own bodies, is peculiar to certain kinds, and is carried on in the crop.

Befides the dove kind, I have fome reafon to fuppofe parrots to be
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endowed with the fame faculty, as they have the power of throwing up

the contents of the crop, and feeding one another. I have fcen the cock

paroquet regularly feed the hen, by firft filling his own crop, and then

fupplying her from his beak. Parrots, macaws, cockatoos, &c. when

they are very fond of the perfon who feeds them, may likewife be obferved

to have the action of throwing up the food, and often do it. The cock

pigeon, when he careffes the hen, performs the fame kind of adlion as

when he feeds his young ; but I do not know, if at this time, he throws

up any thing from the crop.

During incubation, the coats of the crop, in the pigeon, are gradually

enlarged and thickened, like vi'hat happens to the udder of females of

the clafs Mammalia, in the term of uterine-geftatiori . On comparing the

ftate of the crop when the bird is not fitting, with its appearance during

incubation, the difference is very remarkable. In the firfl cafe it is thin

and membranous ; but by the time the young are about to be hatched,

the whole, except what lies on the trachea, becomes thicker and takes on

a glandular appearance, having its internal furface very irregular*. It is

likewife evidently more vafcular than in its former ftate; that it may convey

a quantity of blood, fufficient for the fecretion of the fubftance, which is

to nourish the young brood for fome days after they are hatched.

Whatever may be the confiftence of this fubftance, when jufl fecreted,

it moft probably very foon coagulates into a granulated white curd ; for

in fuch a form I have always found it in the crop : and if an old pigeon is

killed juft as the young ones are hatching, the crop will be found as above

defcribed, and in its cavity pieces of white curd mixed with fome of the

common food of the pigeon, fuch as barley, beans, &c. If we allow either

of the parents to feed the brood, the crop of the young pigeons, when ex-

amined, will be difcovered to contain the fame kind of curdled fubftance

as that of the old ones; which paffes from thence into the ftomach, where

it is to be digefted.

The young pigeon is fed for a little time with this fubftance only ; as

* Vide Plate XVI.
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about the third day, feme of the common food is found mingled with it j

as the pigeon grows older, ths proportion of common food is increafed;

fo that by the time it is feven, eight, or nine days old, the fecretion of the

curd ceafes in the old ones, and of courfe no more will be found in the

crop of the young. It is a curious fade, that the parent pigeon has at

firfl: a power to throw up this curd without any mixture of common food,

although afterwards both are thrown up according to the proportion re-

quired for the young ones.

I have called this fubftance curd, not as being literally fo, but as refem-

bling that more than any thing I know; it may, however, have a greater

refemblance to curd, than we are perhaps aware of; for neither this fe-

cretion, nor curd, from which the whey has been prefTed, feem to contain

any fugar, and do not run into the acetous fermentation. The property

of coagulating is confined to the fubftance itfelf, as it produces no fuch

effedl when mixed with milk.

This fecretion in the pigeon, like all other animal fubftances, becomes

putrid by flanding ; though not fo readily as either blood or meat, it

refifting putrefadion for a confiderable time; neither will curd, much
prefled, become putrid fo foon as either blood or meat.
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PLATE XV.

THE crop, taken from a pigeon when it had no young ones.

The crop of the pigeon appears to be placed more in the middle of the

neck than in any other bird, being two equal bags, annexed, laterally, to

the oefophagus } whereas in moil other birds, it is fingle, and a little on

one fide. The cefophagus of thofe birds which have crops, may be di-

vided into two portions, a fuperior and inferior. The fuperior is that

which leads from the mouth to the crop ; the inferior, from the crop to

the gizzard.

The crop, reprefented in the plate, had been turned infide out, and

diflended with fpirits. It fhows the appearance of the internal furface.

A The inner furface of the fuperior cefophagus.

BB The infide of the two projedling bags of the crop.

E The inferior cefophagus, leading from the crop to the gizzard.

DDDD Glands fituated on the lower part of the crop, and continued

into the inferior ogfophagus.

E A glandular flrudture upon the inner furface of this cefophagus, jufh

before it terminates in the gizzard, for the purpofe of fecreting a

fubflance analogous to the gaftric liquor.
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PLATE XVI,

THE crop, from a male pigeon, while the female was breeding, to

ihew the change which takes place at that time, on its internal furface,

for the purpofe of fecreting a fubftance which is to nourifli the young.

The crop is prepared in the fame way as in Plate XV ; and the only

difference in the appearance is the glandular ftrudture on the inner fur-

face of the two lateral projecting bags, which is not Ceen at any other

time.

J J
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ON THE COLOUR OF THE PIGMENTUM OF THE
EYE IN DIFFERENT ANIMALS.

IN the eyes of all animals which I have examined, there is a fubftance

approaching to the nature and appearance of a membrane, called the

pigmentum, which lines the choroid coat, and is fomewhat fimilar to the

rete mucofum which lies under the cuticle of the human body ; and there

is alfo fome of the fame kind of fubftance diifufed through the cellular-

membrane, which unites the choroid with the fclerotic coat. My inten-

tion, at prefent, is only to communicate the obfervations I have made on

this fubjeft, and its ufe, confining myfelf to the confideration of that kind

of it which lines the tunica choroides of the clafs Mammalia, and of

birds : in doing which I fhall alfo take occafion to fpeak of the difference

of colour occurring in animals of the fame fpecies. Although an accu-

rate examination of the appearances of a fimilar fubftance in the eyes of

fome fifties might illuftrate the fubjedt, we cannot avail ourfelves of that,

as from not being fufficiently acquainted with the eifefts of light on the

eyes of that clafs of animals.

The propagation, or continuance of animals in their diftindl clafles, is

an eftabliftied law of Nature ; and, in a general way, is preferved with a

tolerable degree of uniformity : but in the individuals of each fpecies, va-

rieties are every day produced in colour, ftiape, fize, and difpofition.

Some of thefe changes are permanent with refpedt to the propagation of

the animal ; becoming fo far a part of its nature as to be continued in the

offspring.

Animals living in a free and natural ftate are fubjecft to few deviations

from their fpecific charadler ; but Nature is lefs uniform in its operations
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when influenced by culture*. Confiderable varieties are produced under

fuch circumftances ; of v/hich the moil frequent are changes in the co-

lour. Thefe changes are always, I believe, from the dark to the lighter

tints ; and the alteration very gradual in certain fpecies, requiring in the

Canary-bird feveral generations ; while in the crow, moufe, &c. it is com-

pleted in one. But this change is not always to white, though ftill ap-

proaching nearer to it in the young, than in the parent ; being fometimes-

to dun, at others to fpotted, of all the various fliades between the two ex-

tremes. This alteration in colour being conftantly from dark to lighter,

may we not reafonably infer, that in all animals fubjedt to fuch variation,

the darkeft of the fpecies fhould be reckoned neareft to the original ; and

that where there are fpecimens of a particular kind, entirely black, the

whole have been originally black ? Without this fuppofition, it will be

impoflible, on the principle I have ftated, to account for individuals of

any clafs being black. Every fuch variety may be confidered as ariling

in the cultivated ilate of animals : but whether, if left to themfelves, they

would in time refume their original appearance, I do not knowf

.

The colour of the pigmentum of the eye always correfponds, I believe,

with that of the hair and ikin, efpecially if the animal be only of one

colour, but is principally determined by the hair ; and the moll general

colour is a very dark brown, approaching to black, from whence it had

the name, nigrum pigmentum:}:. The colour differs in different claffes of

animals, often in the fame clafs, and even in the fame fpecies. In the

human, it is moft commonly dark ; in the ferret kind, always light : and

* From the variations produced by culture, it would appear, that the animal is fo fufcep-

tible of impreffion, as to vary Nature's aftions ; and this is even carried into propagation.

Whether this takes place at the very firfl union of the principles of the tv/o parents, fo as to

derive its exiftence from both ; or, whether it takes its formation from the mother, after the

firfl: formation of the embryo, are, perhaps, not eafily determined.

f In vegetables, I believe, it invariably holds good, that however improved by culture, if

negleiSled, they foon degenerate into theii firfl: fl:ate.
^

'

% As the colour of this membrane correfponds with the colour of the fkin and hair of the

perfoHj it is probable that the people, among whom it firft got the name, were dark.
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its difference of colour in the fame fpecies is evident from the variety ob-

fervable in the eyes of different people. There is even a difference of colour

in the fame eye in many claffes of animals : in all of the cat and dog

kind j and perhaps in mofl part of the granivorous. In fome it is partly

black, and partly of the appearance of polifhed filver : and in many claf-

fes, the variation from dark is of two colours ; for in the cow, in fheep,

deer, horfes, and I believe in all animals feeding on grafs, there are, in the

fame eye, certain portions of it white, and others of a fine green colour.

The difference in colour of this pigmentum, in the eyes of different ani-

mals of the fame fpecies, is very remarkable ; in the human fpecies it is

of all the different fhades between black and almofl white; and the fame

variety is feen in rabbits, mice, crows, blackbirds, &c. but in thefe it is

of one colour only in the fame eye. Every fpecies is, perhaps, fubjedl to

fuch variations ; and fome of thefe are fo extraordinary, as with propriety

to be denominated monflrous*.

The variation in the colour of the pigmentum in different fpecies of

animals, feems to depend on a fixed law of Nature ; but the varieties

which are met with in the fame fpecies are much lefs conflant, being

merely different fliades, approaching to black or white. But the extra-

ordinary circumftance is, its being fometimes unufually lighter or darker

in individuals of the fame fpecies ; and this difference not feldom flarting

up in the young without any hereditary principle to account for it.

The human fpecies is a flriking example of the colour of the pigmen-

tum correfponding with that of the fkin and hair ; and though the fkin

and hair of one perfon differs very confiderably from the fkin and hair of

another, yet it is not in fo great a degree as in many. animals. There are

cattle perfedly white, white fheep, white dogs, white cats and rabbits ; ^

* Perhaps the word, monftrous, is too ftrong, or not exadlly jufl:. It certainly may be

laid down as one of the principles or laws of Nature, to deviate under certain circutnftances.

' It may alfo be obferved, that it is neither neceflary, nor does it follow, that all deviations from

the original muft be a falling off; it appears jufl: the contrary, therefore we may fuppofe that

Nature is improving its works ; or, at leaft, has eftabliflied the principle of improvement in

the body as well as in the mind.
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but there are few of the human fpecies that we can fay are perfedlly white.

They rather pafs from the black into the brown, red, and even light yel-

low ; and we find this pigmentum, although only of one colour, varying

through all the different correfponding fhades. In the African negro, the

blacknefs of whofe hair and ikin are great diftinguifhing charafteriftics,

this pigmentum is alfo very black. In the mulatto, who has not the

fkin fo dark as the African, but the hair nearly as black, this pigmentum

is of a fhade not quite fo deep, yet ftill it does not approach fo near to

tlie middle tint as the ikin, rather following the colour of the hair. In

people of a fwarthy complexion, as Indians, Turks, Tartars, Moors, &c.

we find the hair always of a jet black ; and this fubftance of a much
darker brown than in thofe that are fair. In thofe of very dark com-
plexions, and having very black hair, although defcended from fair pa-

rents, the fame thing holds good. There are few fpecies of animals, or

even individuals of a fpecie, whofe bodies are only of one colour. Crows,

and fome others, are exceptions i but the greateft number are of two or

more, being varioufly fpotted or ftreaked, either with different colours, or

with fliades of the fame. Many fpecies are conftantly lighter in fome

parts of the body than in others ; and, with a few exceptions, animals are

generally lighter, as to colour, on the lower, or what may be called the

foreparts, than on the upper or backparts. The fair man or woman may
ftridlly be confidered as a fpotted or variegated animal. In many perfons,

the hair of the head, eyebrows, eyelafhes, beard, and hair on the pubes,

all vary In colour. The hair of the three firft may be called foetal, and

are oftener all of the fame, than of a different colour ; the two laft are to

be confidered as adult hair, and are commonly alike in colour, which yet

frequently varies from that of the foetus ; which laff is more liable to

change its colour than the other ; and the change is generally that of
growing darker, efpecially on the head and the eyelafhes*. This difference

in the colour of the hair, on different parts of the body, is not fo obferva-

* The hair growing grey, is not in the leaft to the prcfent purpofc
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ble in thofe nations who are dark or fwarthy, as in people inhabiting

many of the northern climates.

In animals which are variegated, let us obferve the colour of this pig-

mentum, and we fhall find it regulated by fome general principle, and

correfponding with the colour of the eyelafhes. The magpie, for inftance,

is nearly one- third, or fourth part, white; and the two colours, if blended,

would make the compound grey ; but the eyelafhes being black, the pig-

mentum is black alfo. We fometimes meet with people whofe fkin and

hair are very white, and yet the iris is dark, which is a fign of a dark

pigmentum ; but if we examine more carefully, we fhall alfo find that the

eyelafhes are dark, although the eyebrows may be the colour of the com-

mon hair.

As the colour of the iris in the human fpecies is probably a prefump-

tlve, though not a certain fign of the colour of this pigmentum, we may

be led to fuppofe, that in thofe who have the iris in one eye different from

that of the other, this fubftance will likewife differ : but this I cannot

.

determine, never having examined the eyes of any perfon with fuch a pe-

culiarity. It is not an uncommon circumftance in fome fpecies of ani-

mals ; the Angola cat feldom having the colour of the iris the fame in

both eyes.

In people remarkably fair, whether they arc of a race that is naturally

fo, or what may be called monftrous in refped: to colour, as white Ethi-

opians, flill we find this pigmentum following the colour of the fkin and

hair ; being in fome of a light brown, and in others alinoft white, accord-

ing to the colour of the hair in fuch people.

All foals are of the fame colour ; and whatever that may be, as they

grow older it generally becomes lighter ; therefore the pigmentum in them

is almoft always of the fame colour, and does not feem to change with

the hair. This change, however, is only in the hair, and not in the fkinj

the fkin of a v^'hite or grey horfe being as dark as the fkin of a black one :

yet there is a cream-coloured breed which has the fkin of the fame colour,

whofe foals are alfo of a cream-colour j and by infpeding the parts not

covered with hair, fuch as the mouth, anus, fheath, &c. thefe,, and the'
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pigmentum of the eyes of flich horfes, are found of a cream-colour likeiwfe.

In the pigmentum of the rabbit kind, there are all the degrees of dark ,

and light, correfponding with the colour of the hair; yet there feem to be

exceptions to this rule in fome white rabbits with black eyes, and there-

fore with black pigmentum ; but in all fuch there is either a circle of

black hair furrounding the eye, or the eyelaflies, and the fkin forming the

edge of the lid, is alfo black. In many white cattle, this is alfo obferva-

ble ; and in that breed of dogs, called Danes, fome have the hair fur-

rounding one eye black, while the hair furrounding the other is white;

and the iris of the one is often lighter than that of the other. This cir-

cumflance, of the iris of one eye being lighter in colour than that of the

other, is a common thing in the human fpecies j and fometimes only one-

half of the iris is light, without any difference in the colour of the eye-

lafh, or eyebrow. Whether this difference in the colour of the iris of the

two eyes, in the fame animal, is owing to the pigmentum being different

in colour, I do not know j although I rather fufpeft it is fomething fimi-

lar to the white iris in horfes, which makes them what is called wall-eyed.

The variation of colour appears moft remarkable when a white flarts

up, either where the whole fpecies is black, as in the crow or blackbird j

or where only a certain part of the fpecies is black, (but permanently fo)

as a white child born of black parents ; and a perfedly white child whofe

hair is white, and who has the pigmentum alfo white, though born of

parents who are fair, fhould as much be confidered as a play of Nature as

the others. All thefe lufus naturae; fuch as the white negro, the pure

white child of fair parents, the white crow, the white blackbird, white

mice, &c. have likewife a white pigmentum correfponding with the colour

of the hair, feathers, and fkin.

Befides the circumftance of animals of the fame fpecies differing from

one another in colour, there are fome diflindt fpecies which are, as far as

we know, always of a light colour, and in them too this pigmentum is

white : the animal I allude too is the ferret.

When the pigmentum is of more than one colour in the fame eye, the

lighter portion is always placed at the bottom of the eye, in the fhape
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of a haifmoon with the circular arch upwards ; the straight line or dia-

meter paffing almoft horizontally acrofs the lower edge of the optic nerve»

fo that the end of the nerve is within this lighter coloured part, which

makes a kind of lemicircular fweep above it. This {hape is peculiar to

the cat, lion, dog, and mpft of the carnivorous tribe ; in the herbivorous,

the upper edge being irregular ^ in the feal, however, the light part of

this pigmentum is equally difpofed all round the optic nerve, and is, on

the whole, broader than it is commonly found in quadrupeds. How far

this increafe of furface is an approach towards the iilli kind, in which it

is wholly of this metallic white^ I will not pretend to fay ; but it is prob-

able, as the animal is to fee in the water as well as in the air, that it may
be formed circular, the better to correfpond with the form of the eyelids,

which open equally all round ; which feems to accord with what is ob-

fervable in filhes, they being without eyelids.

The colour of the pigmentum, Vv'hether white, or green, or both, has

always a bright furface, appearing like poliihed metal; which appearance

animal fubflance is very capable of taking on, as we fee in hair, feathers,

filk, &c.

After having taken notice of the various colours of this pigmentum in

different animals, both where permanent, and where it appears to be a

play of Nature, let us next examine what effedl it has upon viiion in

both cafes ; v/hether thefe- effedts are fimilar, or if one cafe illuftrates the

other.

It may be aiferted as an undoubted fa6l, that the light which falls on

the retina, covering a white pigmentum, has more erred: than when it

falls on the retina which covers a dark one : which is known by com-

paring the vifion of thofe of the fame fpecies who have the pigmentum

wholly dark, with thofe who have it perfeftly white ; and fomething

'

may be learned, by a fimilar comparifon of animals who have it only 'ia

different fpecies ; it being reafonable, from analogy, to fuppofe that fome

fuch Cifedl is produced in the eye which is polTeffed of both.

I fhall firft confider the efre'ft produced when the white or light colour

makes only part of the pigmentum. This will lead me to obferve, that

K k
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all animals having the pigmentum diverfified, though they are capable of

bearing as much light as others, and can fee as perfectly when light is in

an equal degree; can likev/ife fee very diftindly when the light is much
lefs than vv'ill ferve the purpofes of animals having it wholly dark. May
we not, therefore, afcribe this advantage to the pigmentum being partly

white ? One might be almoft tempted to fuppofe, that fuch animals have

a power of prefenting the diiferent parts of the eye to the light, according

to the quantity of light required ; or of moving the chryftalline humour
higher or lower: but we are at prefent unacquainted with any. power in

the eye by which thefe adrions can be performed.

We may obferve that when a cat or dog looks at us in the twilight, the

whole pupil is inlarged and illuminated ; but in a full light there is no

fuch appearance. It is plain there muft be a reflexion of light from the

bottom of the eye, to produce the above elFedl ; efpecially as the light re-

fledted is always of the colour of the pigmentum in fuch animals ; which

in the cow is of a light green.

I fhall fecondly, confider thofe animals which have the whole pigmen-

tum of a white colour, whether it is accidental or natural ; and that fee

muchrbetter in the dark, or with lefs light than thofe in which it is of a

dark colour : of the firft of thefe I fhall take my inftance from the human
fpecies ; of the fecond, the ferret will ferve as an example.

Thofe of the human fpecies, who have the pigmentum of a light co-

lour, fee much better with a lefs degree of light than thofe who have it

dark ; and this in proportion to their fairnefs : for when the hair is quite

white, they cannot fee at all in open day, without knitting their eyebrows,

and keeping the eyelids almofl fhut. In many of thefe inflances there is

an univerfal glare of light from the pupil, tinged with a fhade of red ;

which colour, moft probably, arifes from the blood in the veffels of the

choroid coat. I have likewife obferved that the pigmentum is thinneft

when it is light ; fo that fome of the light, which is refiedled from the

point of vifion, would feem to be thrown ail over the inner furface of the

eye -, which being white, or rather a reddifh white, the light appears to be
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again remedied from fide to fide*. This feemed to be the cafe in a boy at

Shepperton, when about three years of age, of whom I have a portrait,

to fliow that appearance. He is now about thirteen years of agct : the

common light of the day is ftill too much for him^ the twilight is lefs

offenlive. "^'When in a room, he turns his eyes from the window j and

when made to expofe his face to the light, or when out in the open air,

he knits his eyebrows, half fliuts his eyelids, and bends his head forwards,

or a little down : yet the light appears to be lefs obnoxious to him now
than formerly, probably from habit. Such perfons appear to be nearer

fighted than people in common ; bat I apprehend that appearance to arife

from the pofition into which they throw the eyelids aijd brows, which not

only in a great degree excludes the light, making the objedt faint in pro-

portion to the contraction of the pupil and ifhade made by the eyelids and

eyebrows ; but at the fame time fits the eye to fee near objefts : for if we
nearly clofe our eyelids, and knit our eyebrows, we can fee a fmall objed:

much nearer than if we did not perform fuch actions j and it will make

above a foot difference in the focal diftance of the eye.

In many rabbits who have white eyelafhes, and in white mice, the

pigmentum is entirely white; which is likewife obfervable in a certain

diftinft fpecies of animals, the ferret, which we have adduced as an ex-

ample of the pigmentum being naturally white : for thefe animals being

intended to fee in the dark, and their mode of life not expofing them to

the light, they are liable to be afFeded by ftrong light, to a greater degree,

than many others.

If it is allowed as probable that, in animals having the pigmentum

diverfified, the objedl to be viewed is thrown upon the lighter coloured

portion ; how does it happen that fuch are able to bear the light better

than thofe who have the pigmentum altogether of a light colour ? Perhaps

it is not the illuminated objed: itfeif that is offenfive to the retina ; but

* How far this is really the cafe, I do not abfolutely fay. For Vi'hatever light comes through

the pupil, muft be reflefted from the point of vifion ; but I imagined I faw the light paffing

through the fubftance of the iris.

t The period here alluded to is 1786, when the firft edition of this work was publifhed.
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that difFufion of light in the one kind of eye, v/hich does not happen in

the other.

Having ftated the fads, and the general efFed arifing from the diverli-

fied pigmentum, let us next confider the manner in Vv'hich it is brought

about, that fuch animals fee better with little light, than thofe which

have the pigmentum wholly black.

Let us then fuppofe the retina to be the organ of fight; and that by

the rays which fall upon it being properly refrad:ed, it gives or conveys

to the mind an idea of a diftindl objeft, correfponding vv^ith the fenfation

of touch. This is the moil: common and fimple manner in which vifion

is performed, and is that mode which takes place where the pigmentum

is black, or nearly fo; and where the greatelT; quantity of external light

is required.

The retina, although fomewhat opaque, is yet fo tranfparent as to

allow a confiderable quantity of light to pafs through it. For if this was

not the cafe, there could not be thofe differences in the appearance of the,

eye which I have been defcribing. The rays which pafs through, we may

fuppofe, do or do not give fenfation in their paffagcj and we may alfo fup-

pofe, that only thofe which flrike againil the retina are the caufe of fen-

fation: but this is not the prefent inquiry; the rays which pafs through

the retina, are what I am alone to confider; which falling upon the

pigmentum, are there difpofed of according to the reflefting powers

of that fubftance. If the pigmentum is black, the rays will then be

abforbed and entirely loft; therefore in fuch eyes, vifion can receive

no affiftance from it ; and confequently a confiderable quantity of light

is required to produce diftindt vifion : but in thofe who have fome part

of this pigmentum white, we find that the rays of light which pafs

through the retina, are reflected back again; and in this cafe it is not

unnatural to fuppofe that the refleded rays, in their pafl!age back, will

ftrike againft the retina and increafe the power of vifion. It is evident

that a confiderable portion pafies forwards through the retira, which, I

fufped, is partly lofc on the inner furface of the lateral and forepart of

the eye, where the pigmentum is black, while the remainder pafling
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through the pupil, is again thrown on the objedl looked at. The next

thing to be confidered is, whether the ihape of the eye is fuch, as will

throw the rays, which pafled through the retina, back upon that mem-
brane, in the fame or nearly in the fame place as that through which they

originally came. The eye being a fphere, or approaching to that figure,

makes it probable ; but whether the curve is fuch as will refledl the rays

exactly in the fame dire£lion, is not fo eafily determined. If the curve be

a true one, then the rays that are not obftrudled in their return by the

retina, muil pafs forwards through the pupil j and being refradled in their

paiTage through the chryftalline humour, will be fent out of the eye in

the fame lines in which they entered, and be thrown on the very objedt

from whence they came ; which feems to be in a great meafure the cafe,

if we may judge by the degree of illumination in the cat's eyes. If the

rays, refleded from the light part of the pigmentum, Ihould not, in their

return, ftrike exactly on the fame points in the retina, through which

they firft pafTed ; yet if they are thrown nearly on the fame place it will

be fufficient ; for we know that our fenfations are not capable of con-

veying to the mind mathematical exadinefs. And the fame circumftancc

will be a fufficient anfwer, ihould it be objefted that the time loft, in the

paffing and repaffing of the rays may prevent diftindt vifion ; for it is

known, that if an illumined body is made to move quickly in a circle, it

will appear to the eye a circle of fire.

THE USE OF THE OBLIQUE MUSCLES.

Muscles are the adlive parts in an animal body, producing different

cffefts, according to the circumftances in which they are placed; and the

greater number of parts requiring a variety of motions, it became neceffary

to have a variety of mufcles fuited to fuch motions.

The fundtion of a mufcle depends on the contraction of its fibres ; and

the moft general effed; produced by this contradion, is to move fome one

part of the body upon another. But we may obferve, that when motion.
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in a part, is performed by one fet of mufcles, there are other mufcles era-

ployed in regulating that motion, as in moft joints : and in a whole part,

deftined to a variety of motions, and compofed of fmaller parts, intended

likewife to have their diftindl motions, we find mufcles appropriated for

the purpofe of keeping fome of thofe parts fixed in a particular pofition,

while the whole part is to be moved by other mufcles, according to the

nature of the adion to be performed. This will, perhaps, be beft illu-

ftrated by attending to what takes place in the eye, confidering it as part

of the head.

The eye being an organ of fenfe, which is to receive impreffions from

without, it was neceffary it fhould be able to give its motions that kind

of dired:ion as would permit its being impreffed by objects whether at

reft or in motion, or moving from objedl to objedt; and it was alfo ne-

ceffary, that there fliould be a power capable of keeping the eye fixfed upon

an objeft when our body or head was in motion.

For the better underftanding this adion of pointing the eye towards

objeds under the various circumftances of vifion, it will be neceffary to

mention, that the eye is furniflied with mufcles, fome of which in the

quadruped, bird, amphibia, and fifhes, are called ftraight, from their

being placed in the diredion of, or parallel to, the axis of the eye : and

two, I believe, have always been named oblique. Of the ftraight, fome

animals have more than others. There are four ftraight mufcles common
to moft animals ; and thofe which have more, have the additional muf-

cles inferted immediately in the eyeball, on its pofterior furface, and

furrounding the optic nerve. The four ftraight mufcles, which are com-

mon to all quadrupeds, pafs further forwards, and are rather inferted

towards the anterior furface of the eye. For vifion, at large, it was not

only neceffary that the eye fhould be capable of moving from objed to

objed, or of following any objed in motion, but alfo neceffary that there

fhould be a power to keep it fixed on any one objed to which the mind

might be attentive ; therefore the mufcles are formed fo as not only to be

able to move the eye from objed to objed, but likewife to keep its point

of vifion fixed upon any particular one, while the eye is moving progref-
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fively with the head or body. This is the ufe of thefe mufcles, when
the parts from \vhence they arife are kept fixed refpedling the objefts the

eye is pointed to ; but it is often neceffary, while the eye is fixed upon a

particular objedl, that the eyeball and the head iri which it is fixed iliould

fhift their fituation refpedling that objedt ; and this would alter the di-

redlion of the eye, if the mufcles had not the power of taking up an adlion

that produces a contrary efFe6t, that is, keeping the point of infertion of

the mufcles as the fixed point, by caufing their fibres to contradl accord-

ing as the origins of the mufcles vary their pofition refpecT:ing the objeft.

From this mechanifm we find thefe three m.odes of adion produced ;

firft, the eye moving from one fi_xed objedl to another; then the eye

moving along with an objedl in motion ; and lafb, the eye keeping its

axis to an objeft, although the whole eye, and the head, of which it

makes a part, are in motion. From either of thefe motions taking place

lingly, or being combined, the eye is always kept towards its objed:. In

the two firft modes of adlion, the origins of the mufcles are fixed points

refped'ing the objed ; and, in the laft, the objed becomes as it were the

centre of motion, or fixed point, commanding the diredion of the adions

of the eye, as the north demands the diredion of the needle, let the box

in Vv'hich it is placed be moved in what diredion it may. Thefe tv/o

firft modes of adion are performed by the ftraight mufcles ; for the head

being a fixed point, they are capable of moving the eye up and down, from

right to left, with all the intermediate motions, which, taken together,

conftitute a circular movement ; or, when the eye is to become the fixed

point, then the head itfelf performs the circular movement. Thence ap-

pears the neceffity why the objed, the axis of the eye, and the point of

fenfation, ftiould all three be in the fame ftraight line. But this does not

take place in all movements of that whole of which the eye makes a

part i for befides thofe which we have already taken notice of, the head is

capable of a motion from fhoulder to ihoulder, the axis of which is

through the axis of the two eyes, from the fore to the backpart It

Ihould be here obferved, that for diftind vifion, the objed muft be fixed

as refpeding the pupil of the eye, and not in the' leaft allowed to move
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over its furface*. To prevent any progreflive motion of the objecft over

the retina of the eye, either from the motion of the objed itfelf, or of the

head in fome of the motions of that part, the flraight mufcles are pro-

vided as has been explained ; but the effects which would arife from fome

other motion of the head, as from ihoulder to fhoulder, cannot be cor-

redted by the adtion of the ftraight mufcles, therefore the oblique mufcles

are provided. Thus when v/e look at an objeft, and at the fame time

move our head to either fhoulder, it is moving in the arch of a circle

whofe centre is the neck ; arid of courfe the eyes would have the fame

quantity of motion on this axis, if the oblique mufcles did not fix them

upon the objedt. When the head is moved towards the right-ihoulder,

the fuperior oblique mufcle of the right-fide adls and keeps the right-

eye fixed on the objedl ; and a fimilar effedl is produced upon the left-eye

by the action of its inferior oblique mufcle : when the head moves in a

contrary diredlion, the other oblique mufcles produce the lame efFe'dl.

This motion of the head may, however, be to a greater extent than can

be counteradled by the action of the oblique mufcles. Thus, for inftance,

while the head is on the left-flioulder, the eyes may be fixed upon an

objeiS, and continue looking at it while the head is moved to the right-

Ihoulder, which fweep of the head produces a greater eifed: upon the

eyeballs than can be counterafted by the adion of the oblique mufcles ;

and in this cafe we find that the oblique mufcles let go the eye, fo that

it immediately returns into its natural fituation in the orbit. Whether

* Optical writers feem to have been entirely ignorant of this ; for they not only fuppofe

diftindl vifion compatible witli the objeiSl having a motion over the dift'erent parts of the

retina, but even explain the efFefts which would be produced by it on the mind of the obfer-

ver. Keill makes the following obfervation

:

" Since opticks teach us, tliat every body which is vifible, has by means of the rays which

proceed from that object, its image painted on the bottom of the eye, or retina ; it follows,

that thofe objects will feem to be moved, whofe images are moved on the retina, that is, which

pafs over fucceflively the different parts of the retina, whilit the eye is fuppofed to be at reft :

but thofe objefts will be looked upon as being at reft whofe images always occupy the fame

part of the retina, that is, when the motion of thofe images are not perceived in the bottom

of the eye." Keill's Introduction to Natural Philofophy, page 79.
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this is performed by the natural elaflicity of the parts 3 or, whether the

antagonifl oblique mufcles take up the aftion and reinftate the eye, I do

not know. If the head ftill continues its motion in the fame diredlion,

then the fame oblique mufcles begin to adl anew, and go on ailing, fo as

to keep the eyes fixed on the objedl. As this motion of the head feldom

takes place uncombined with its other motions, fome of the ftraight and

oblique mufcles v/ill be employed at the fame time, according as the

motions are more or lefs compounded.

LI
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A DESCRIPTION OF THE NERVES WHICH
SUPPLY THE ORGAN OF SMELLING.

THE nerves being in themfelves perhaps the mofl difficult parts of

an animal body to difled:, becomes a reafon why we are ftill un-

acquainted with many of their minuter ramifications : yet if a knowledge

of thefe, together with that of their origin, union and reunion, is at all

connefted with their phyiiology, the more accurately they are inveftigated,

the more perfedHy will the fundions of the nerves be underftood. I have

no doubt, if their phyfiology was fufficiently known, but we fhould find

the diftribution and complication of nerves fo immediately connedled with

their particular ufes, as readily to explain many of thofe peculiarities for

which it is now fo difficult to account. What naturally leads to this

opinion is, the origins and number of nerves being conftantly the fame

;

and particular nerves being invariably deftined for particular parts, of

which the fourth and fixth pair of rierves are remarkable inftances. We
may therefore reafonably conclude, that to every part is allotted its par-

ticular branch ; and that however complicated the diftribution may be,

the complication is always regular. There are fome nerves which have

a peculiarity in their courfe, as the recurrent and chorda tympani j and

others which are appropriated to particular fenfations, as thofe which go

to four of the organs of fenfe, feeing, hearing, fmelling, and tailing ; and

fome parts of the body having peculiar fenfations, (as the ftomach and

penis) we may, without impropriety, include the fifth, or fenfe of feel-

ing. This general uniformity, in courfe, conne6tion and diftribution, will

lead vs to fappofe that there may be fome other purpofe to be anfwered

than mexe mechanical convenience ; - and many of the variations which

have been defcribed in the difledions of nerves, I believe to have arifen

from the blunders of the anatomilt, rather than from any irregularity in
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their number, mode of ramifying, courfe, diftribution, or conne(ftion*' with

each other. We obferve no fuch uniformity in veffels carrying fluids;

but find particular purpofes anfwered by varying their origin and diftri-

bution : the pulmonary artery anfwers a very different purpofe in the cir-

culation of the blood, from that of the aorta; yet both arife from the

fame fource, the heart. The courfe of the arteries is fuch as will convey

the blood moft conveniently, and therefore not neceffarily uniform ; it

not being very material by what channel, provided the blood is conveyed

to the part ; though, in particular inftances, certain purpofes may be an-

fwered by a peculiarity in origin and diftribution, as happens in the tefti-

cle of quadrupeds. This obfervation refpedling arteries is likewife appli-

cable to veins, and ftill more to the abforbent veflels, in which laft,

regularity is even lefs elTential than in the veins. Whoever, therefore,

difcovers a new artery, vein, or lymphatic, adds little to the flock of phy-

fiological knowledge ; but he who difcovers a new nerve, or furnifhes a

more accurate defcription of the diftribution of thofe already known,

aifords us information in thofe points which are moft likely to lead to an

accurate knowledge of the nervous fyftem : for if we confider how various

are the origins of the nerves, although all arife from the brain, and how
diiferent the circumftances attending them, we muft fuppofe a variety of

ufes to arife out of every peculiarity of ftru6ture. Indeed, if we refledl on

the afcions arifmg immediately from the will, and affeftions of the mind,

we muft fee that the origin, connexion, and diftribution of the nerves,

ought to be exadt, as there are parts whofe adtions immediately depend

upon fuch circumftances. The brain may be confidered as having an

intelligence with the body ; but no fuch intercourfe fubfifts betvveen the

different parts of the body and the lieart.

* Here it is to be undeiftood I do not mean lateral connexion ; fuch as two branches

uniting into one chord and then dividing ; or a branch going to a part, either fingle or dou-

ble, for ftill it is the fame nerve ; or whether a branch unites with another a little fooner or

a little later, for fiill it is the fame branch. Such efFefts m.ay arife more from a variety in

die Ihape of the bodies they belong to, than any variety in the nerveS themfelves.
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In the fummer of 1754, being much employed in differing the nerves

paffing out of the fkull ; I v^^as, of courfe, led to trace many of their con-

nexions with thofe from the medulla fpinalis j and was afllfled by Dr.

Smith, then purfuing his ftudies in London*. The better to trace thefe

nerves through the foramina of the fkull, I ileeped the head in a

weakned acid of fea-falt till the bones were rendered foft, and that the

parts lAight be as firm as poiTible, and at the fame time free from any

tendency to putrefailion, (it being fummer) the acid was not diluted with

v/ater, but with fpirit. When the bones v^'ere rendered foft, purfuing my
intention, I differed the firft pair of nerves, and difcovered their diftribu-

tionj and having made a preparation of the parts in which they were

found, I immediately had drawings made from them, with a view to have

prefented the account to the Royal Society, but other purfuits prevented

itt. Engravings were afterwards made from thefe dravv'ings j and the

preparation was repeatedly fliown by Dr. Hunter, in his courfes of ana-

tomy, who, at the fame time, pointed out that alteration in the mode of

reafoning upon thofe nerves, which would naturally arife from this difco-

very. In this dilTedion I found feveral nerves, principally from the fifth

pair, going to and lofb upon the membrane of the nofe j but fuppofe that

thofe have nothing to do with the fenfe of fmelling ; it being more than

probable, that what may be called organs of fenfe, have particular nerves,

whofe mode of adion is different from that of nerves producing common

* Dr. Smith was afterwards teacher in chymiflry and anatomy, in the univerfity of Oxford;

is now Savilian profeffor of geometry, and lecturer in phyfiology. This account of the firft

pair of nerves, as alfo of the branches of the fifth, is taken from the original defcription writ-

ten by him, aud taken from my difle^lion when I was tracing them,

f Dr. Scarpa, profeffor of anatomy at Pavia, while in London, in 1782, acquainted me
that he had diffefted the ramifications of the olfactory nerves ; and that on his return to Italy

he meant to publifh an account of them. At this time I fhewed him my drawings and en-

gravings. I have lately been informed that he has publifhed his account, but have not met

with it : I have, however, feen one of his engravings, which was executed in London, and is

very elegant. It only fhews thofe on the feptum narium, whofe minutenefs is rather carried

further than the power of diffedion, and the ramifications are more regular than we find them

in Nature.
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fenfation ; and alfo different from one another ; and that the nerves on

which the peculiar fund:ions of each of the organs of fcnfe depend, are

not fupphed from different parts of the brain. The organ of fight has

its peculiar nerve; fo has that of hearing; and probably that of fmelling

Yikev/ife; and, on the fame principle, we may fuppofe the organ of tafte

to have a peculiar nerve. Although thefe organs of fenfe may likewife

have nerves from different parts of the brain ; yet it is moft probable fuch

nerves are only for the common fenfations of the part, and other purpofes

anfwered by nerves. Thus we find nerves from different origins going to

the parts compofing the organ of fight, which are not at all concerned

in the immediate a6t of vifion ; it is alfo pi-obable, although not fo de-

monftrable, that the parts compofing the ear have nerves belonging to

them fimply as a part of the body, and not as the organ of a particular

fenfe : and if we carry this analogy to the nofe, we fiiall find a nerve,

which we may call the peculiar nerve of that fenfe ; and the other nerves

of this part, derived from other origins, only conveying common fenfation,

and we may fuppofe only intended for the common aftions of the part.

This mode of reafoning is equally applicable to the organ of tafte ; and

if the opinion of peculiar nerves going to particular organs of fenfe, be

well founded, then the reafon is evident why the nofe, as a part of our

body, fhould have nerves in common with other parts, befides its peculiar

nerves ; and, as the membrane of the nole is of confiderable extent, and

has a great deal of common fenfation, we may fuppofe the nerves fent to

this part, for that purpofe, will not be few in number. It is upon this

principle the fifth pair of nerves may be fuppofed to fupply the eye and

nofe in common with other parts ; and, upon the fame principle, it is

more than probable, that every nerve fo affedled as to communicate fen-

fation, in whatever part of the nerve the imprefiion is made, always gives

the fame fenfation as if affedled at the common feat of the fenfation of

that particular nerve*.

* I knew a gentleman who had the nerves which go to the glans penis completely deftroyed

by mortification, almoft as high as the union of the penis with the pubes ; and at the edge of

the old fkin, at the root of the penis, where the nerves terminated, was the peculiar fenfation
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The firfl pair of nerves arriving at the part of its deftination as foon as

it efcapes from the {kull, and immediately ramifying, has rendered its

diftribution more obfcure than that of the others, whofe courfe to the part

to vv^hich they are allotted is vifible and to be traced. As the body of the

nerve, while within the Ikull, is pulpy and compofed of the brain itfelf,

it eafily breaks off at the very divifion and exit of the fmall branches i it

therefore becomes impoflible to trace them, as we ufuallydo other nerves;

and they have by moft phyfiologifls been confidered as never forming

chords, but going on in their pulpy form to be diilributed on the mem-
brane of the nofe, in a mode fomewhat fimilar to that of the optic nerve;

and to what is commonly fuppofed to take place with refpecl to the portio

mollis of the feventh pair. Winllow has fuggefted an idea, that the firfl

pair forms chords ; but it is only as an affertion ; and not having defcri-

bed them, that alone was not fuificient to alter the former mode of

' reafoning.

Haller, who is to be confidered as the lateft anatomift and phyfiologifl,

who has publifhed on the fubjedl, on whom we can depend, fays, " That

the firft pair of nerves makes its way into the nofe, covered by the pia

mater only, very little altered from what it v/as v/hen within the cavity of

the ikull*." This fhows that Haller retained the old idea concerning

thefe nerves ; but we fhall find that they become firm chords immedi-

ately upon piercing the dura mater and cribriform plate of the ethmoid

bone.

The firfl pair, while within the fkull, differs in fome refpedts from all

Other nerves J firflly, it feems to be made up of a cortical and medullary

of the glans penis ; and the fenfation of the glans itfelf was now only common fenfation ;

therefore the glans has, probably, different nerves, and thofe for common fenfation may come

through the body of the penis to the glans,

A ferjeant of marines who had loft the glans, and the greater part of the body of the penis,

upon being afked, if he ever felt thofe fenfations which are peculiar to the glans, declared,

that upon rubbing the end of the ftump, it gave him exactly the fenfation which friftion upon

.the glans produced, and was followed by an emiffion of the femen,

s * Elementa Phyfiologiasj vol. 5. page 151,
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fubftance, while the others appear to confifl; of medullary alone ; and

fecondly, it is different, in that it does not feem to be compofed of

fafciculi, and has but one covering from the pia mater inverting the

whole nerve j whereas other nerves appear to have a covering round each

fafciculus ; and this is probably the reafon why the firfl pair is weaker

while within the ikull, than the others. Its form is fomewhat triangu-

lar, having three edges, from lying in a groove, made by two convoluti-

ons of the brain. The courfe is forwards, a little upwards and inwards,

arid where it lies upon the cribriform plate of the ethmoid bone, becomes

fomewhat larger and divides into a great many branches, like fo many
roots, anfwering to the number of holes in that plate, except one left for

a branch of the fifth pair ; but thefe divifions we cannot fee, they being

covered by the body of the nerve, which cannot be raifed without break-

ing off the fmall branches at their origin. As the branches of the nerve

pafs through this bone, they feem to take procelfes from the dura mater

along with them, then becoming firm chords, fimilar to other nerves.

Thefe branches, after they have got through the bone, form themfelves

into two planes or divifions, one paffing on the feptum, the other on the

turbinated bones. Thofe of the feptum narium, in their pafiTage to the

nofe, are firft: continued a little way down, in bony canals of the perpen-

dicular lamella of the ethmoid bone, which holes become fmall grooves

in that bone ; and thofe on the oppofite fide being more numerous and

fmaller, pafs down through fmall holes that are on the infide plate of the

ethmoid bone, which holes are likewife continued into grooves, for a little

way, upon that plate. When the branches get upon the membrane of the

nofe, they fubdivide into a great many fmaller ones, which are fomewhat

flattened, and are only to be feen on that fide of the membrane that ad-

heres to the bones, not being vifible at all on the other ; fo that the dif-

fedtion of thefe nerves is no more than feparating the membrane and bone

from each other. They can hardly be difieded all round ; and the fur-

ther they are traced upon the membrane the fainter they become, and

growing fmaller, they fink deeper and deeper into the membrane to get

on its outer furface, where we muft fuppofe they terminate. Thofe upon.
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the feptum pafs down a little radiated, and the branches, efpecially at the

upper part, or at their firfl fetting out, unite with one another. Thofe

on the fide next the antrum, when they have reached the membrane of

the nofe, in their courfe to the fuperior turbinated bone, form a very con-

fiderable network or plexus ; and when they reach that bone, do not all go

round its convex curvated pendulous edge to the concave fide; but feme

paffing through its fubftance, get immediately upon it; which is the

reafon why we find fo many holes in that bone. It is difficult to trace

them further; but we have reafon to fuppofe that they go through the

inferior turbinated bone in the fame manner, fince we find fimilar holes.

A DESCRIPTION OF SOME BRANCHES OF THE FIFTH
PAIR OF NERVES.

In tracing the courfe of the olfadory nerves, I alfo difcovered feveral

branches of the fifth pair, not commonly known, particularly two that

were fuppofed to go to the membrane of the nofe for the feiife of fmell-

ing; but which only pafs through that organ to their place of defti-

nation. The firft is a fmall nerve from the firft branch of the fifth pair;

or, according to Winflow, the nervus ophthalmicus Willifii; which

fmall nerve is called by Winflow, the nafal. This branch, after having

pafiTed out of the flcull into the orbit, re-enters the cranium through the

foramen orbitarium anterius, and gets on the cribriform plate of the eth-

moid bone; from thence it pafi!es down through one of the anterior holes

of the cribriform plate, and after having continued its conrfe in a groove

on the nafal procefs of the frontal bone, runs forward and downward

in a fimilar groove on the infide of the os nafi ; from thence getting on

the outfide of the cavity of the nofe, it runs along the cartilaginous part

of the ala, and near the extremity of the nofe mounts up upon the tip of

the ala, and then dipping down between the two ala?, is loft on the an-

terior extremity of the cartilaginous feptum. In its courfe it fends feveral

fmall filaments into the ala;.

Mm
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The fecond, is a branch of the fuperior maxillary nerve j for that

jlerve having paffed through the foramen rotundum, divides and fends ofF

feveral branches, one of v/hich pafiing backwards and inwards, through

the foramen commune, between the orbitar procefs of the palate, and the

root of the ala of the fphenoid bone, gives a branch which gets into a

fiiTure that feems to feparate the root of the ala from the body of the

fphenoid bone, where that bone makes the roof of the nofe. This branch

then pafles along the under furface of the body of the fphenoid bone, in

its way to the feptum narium, and getting upon that part, pafles along

between its membranes and the bone: its courfe is downwards, and for-

wards towards the foramen incifivum, through which it pafles and is loft

in the gum behind the firft dentes incifores, and on the membrane of the

roof of the mouth at that part.

There is another branch of the fuperior maxillary nerve, which comes

off from a large branch that is going down to the mouth uvula, &c.

and this branch, with its diviflon into two, has been defcribed by pro-

fefibr Meckel of Berlin; but after tracing one of thefe into the portio dura,

he purfued the fearch no further. This branch of the fuperior maxillary

nerve paflTes back through the foramen pterigoideum, accompanies the caro-

tid artery as it paflTes acrofs the pofl:erior edge of the foramen, and there

divides into two branches; one of which paflfes down along with the

carotid artery, through the bafis of the {kull, and proceeding in a di-.

redion contrary to the courfe of the artery, in contadl with that branch of

the cervical gan.glion that pafl"es up with the carotid artery to join the

fixth pair; then joins the firft cervical ganglion. The other branch

decuflates that artery on its upper furface, and getting upon the an-

terior fide of the petrous portion of the temporal bone, enters a fmall

hole near the bottom pf that large one which affords a pafl'age to the

feventh pair of nerves, joining the portio dura, juft where that nerve

making its firfl turn, pafl"es along with it through what is called the aque-

du(3:. This nerve, compofed of portio dura, and the branch of the fifth

pair, fends off, in, the adult, the chorda tympani before its exit from tho:
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fkull; and in the foetus, immediately after. Tht termination of the

branch, called chorda tympani, I fhall not defcribe; yet I am almoft cer-

tain it is not a branch of the feventh pair of nerves, but the laft-defcribed

branch from the fifth pairj for I thiak I have been able to feparate this

branch from the portio dura, and have found it lead to the chorda tympa-

ni; perhaps, is continued into itj but this is a point very difficult to de-

termine, as the portio dura is a compadt nerve, and not fo fafciculated as

fome others are; however this may be, it is very reafonable to fuppofe that

the chorda tympani is a branch of the fifth pair, as it goes to join another

branch ariling from the fame trunk.
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PLATE XVII.

THE olfadory, or firft pair of nerves, as they are feen upon the

membrane of the feptum narium.

The bony feptum is removed to expofe the nerves of the right noftril;^,

as they pafs at firfl between the membrane and bone,

A The OS frontis.

B The frontal finus.

C The cartilaginous part of the feptum narium.

**"** The cut edge, from w^hich the feptum has been feparated all round.

D The furface of the common fkin, where it is lofl in the membrane

of the nofe.

E The upper lip.

F Part of the alveolar procefs of the maxillary bone next the lymphyfis,

G The roof of the mouth..

H The bony palate.

I The uvula, and palatum molle.

K The upper part of the fauces,

L The opening of the Euftachian tube.

M The cuneiform procefs of the os occipitis.

JsT The in fide of the cuneiform procefs, near the foramen inagmmrTse^"
'^ cipitale.

O The pofterior clinoid procefs.

P The fphenoid finus, with its feptum.

Q^The fella Turcica.

R The crifta galli.

SS The membrane of the right noilril that lined the feptum > the leptum

being removed.

T A branch of the fifth pair of nerves, that comes through tlie foramen

commune, or fpheno-palatinum.

UUU The firft pair of nerves, having pafiTed through the cribriform.

pUte of the ethmoid bone, ramifying on the membrane of the feptum..
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PLATE XVIII.

THE olfactory, or firil: pair of nerves, as they are feen upon the

membrane of the nofe, which covers the turbinated bones j the exterior

parts of the face being removed.

This engraving was taken from the fame head as plate XVII.

A The OS frontis..

JB The OS nafi.

C The cartilaginous and membranous part of the nofe«

D The ala nafi, with the fkin left on.

E The feptum narium.

F The upper lip.

H'HH The alveolar procefs of the fuperior maxillary bone»

I Part of the antrum.

K, The OS occipitis.

L The body of the fphenoid bone.

M The groove made by the carotid artery.

I^ The poUerior clinoid procefs.

O The fphenoid finus.

P The crifta galli.

Q__The membrane of the nofe.

R The membrane, a little more convex, where the inferior turbinated

bone is fituated.

S The fame where the fuperior turbinated bone is fituated.

T The branch of the fifth pair of nerves that was fuppofed to be loft on

the membrane of the nofe.

UUU The trunk of the firft pair of nerves which is afterwards loft upon

that part of Sneider's membrane that covers the turbinated bones.
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INDEX.

jf\.iR in the ftomach, and other cavities, page 206. Peculiar cafe of a woman aiBided with,

208, 209.

Air-hags, experiments on, in fifhes, 95.

Air-cells, in birds, 89. Defcriptioa of, 89, 90, 91, 92; their final intention, 94.

Animals, (imperfect) allow of a confiderable variation in their temperature of heat and cold,

102, Experiments on, 103 Perfect, have the greater power of retaining heat than the

more imperfefc, 105. Ir. -s torpid ftate hav? none of the operations of life, 114. Their

food maybe divided into two kuids, i8i. Variety in the mode of ths nourifhment o£

235. Life ot^ its ftare or fta^;es, 235. Subject to ^reat changes by culture, 244.

Anin:^?.'-jj!ces T-ezc at 25°, lOO.

Arteries ..ot u-iform, arid why, 260.

B.

Birds ; account of certain receptacles of air in, which communicate with the lungs and

Euilac.iian tube, 8g. Additional obfervations on, by difTecStion, 89. Before the year

1774, the air-cells tf the lungs, and other cavities of the body, not clearly explained, Sg^

Experiments upon the breathing of, 94.

Blood ; living principle fuppofed to be inherent in the, 132.

Bones ; defcription of, in birds, 91.

C.

Camper (ProfefTor) not acquainted with the organ of hearing in fifhes, 87.

Carp; experiments on, 100, 117.

Cailrated animals, of either fex, approach each other in appearances, and have a refemilance

to the unnatural hertn aphrodite, 78.

Clitoris ; its fpecific ufe, 56. .

Cocic ; experiments on a, 124.

Cold ; how produced, 99 ; effects on animals ; rather roufes than deprefles, ioi»

Coughing ; how performed, 200.

Cremafter mufcle ; its ufc, 6. Its nerves, 6.

Cuticle ; confidered as a dead covering, and capable of receiving greater degrees of heat andi

cold than the living parts underneath, 107. Experiments on, 107.

D.

Digellion ; obfervations on, 187 to 199, 211, 226 ; of the ftomach after death, 226, 227-5

2:8 ; its appearances are moft frequent in thofe who died by fudden violence, 2303 its

aji^pearances defcribedj 231.
N n



INDEX.

Dog; experiments on, 115. Obfervations on the, 143; propagates with the wolf, 145;

fame fpecies as the wolf, 149.

Dormice; experiments on, lOO, lOI, I13.

Dormoufe ; experiments on a, iii, 112.

Drowned perfons ; obfervations on, 129 ; their fituation fimilar to that of a perfon in a

tiance, notCy 131 ; method of treating, 136, 138, 139, 140.

E.

Earth-worms; experiments on, 117, 125.

Eel ; experiments on an, 118.

Eggs; experiments on, 116, 119, 120.

Euflachian-tube ; air received by the, in birds, 93.

Eye j the pigmentum of, in different animals, 234. Mufcles of the, 254, 255, 256.

F.

Feathers contain a confiderable quantity of air,^ 95.

Female, when the powers of propagation ceafe, lofes many of her peculiar properties, and

approaches towards the hermaphrodite, 80.

Fiflies; account of the organ of hearing in, 81. Organ of hearing dlfcovered before the

year 1760, 81. Reafons for publifliing an account of it, 82. Experiments on, 118, 125;

their appearance after death, 230.

Fcstus ; contents of the pelvis much higher than in the adult, 2.

Fox ; a diftin£t fpecies from the dog or wolf, 153.

Free-martins ; account of, 55. Origin of, 59 ; do not breed, 60 ; a finiilar circumflance

met with in fheep, but they are not free-martins, 61. Defcription of, 62, 63, 64, 65.

Reprefentation of, 67, 69, 71, 73.

Frog; experiment on a, 118.

Froft-bitten; manner of treating the, 137.

G.
Gaftric-juice ; its' ufe, 205 ; its a£lion on the villous coat after death, 225. Dr. Steven's

opinion of the, 225.

GeofFroi's (Monf) opinion on the orgnn of hearing in fifli^s, 85.

Gizzard; defcription of the, 182, 183, 202; its motion, 201, i

n,
Heat ; experiments and obfervations ort animals, with refpedt to their power of producing it,

99. Variation of, in the fame experiment, 104.

Hedge-hog; experiments on, II2<

Hens ; experiments on, 116.

Hermaphrodite ; natural and unnatural, 56. Defcription of, 57 j appear, externallyj to be

females, 57 ; peculiar to black cattle, 59.



INDEX.
Hernia congenita ; caufed by the falling down of the Inteftine into the fcrotum, after the

teftis, 14; and true hydrocele cannot exiiT: together in the fame f.de of the fcrotum, 15,

Human-body ; a knowledge of its conftruiStion elTer.tial to medicine, i.

Human-fubjecl i experiments on a, 107, io8j 109, no.

I.

Improvements, ftrike mofl when quite nev/, or little underfiood, i.

Incubation ; defcription of the crop of a pigeon during, 237.

Inflammation ; does not excite the part to a degree of heat beyond tjie ftandard heat of the

animal, 113, note.

Inteftine of a hog, containing air, fee plate xiv. 233.

J.

Jackal J obfervations on, 143. Hiftory ofthe, 150.

Jaw, (lower) in birds, is fuppUed with air, 93.

K.

Keill ; his obfervations on opticks, 256.

L.

Leaches; experiments on, 117, 118.

Lungs; defcription ofthe, in birds, 91, 92, 97.

M.
Marks, diftinguifhing, belonging equally to both fexes, 75. Defcription of, 75, 76.

Mice (common) ; experiments on, 114, 115.

Monftrous appearances ; definition of, 75.

Mufcles ; defcription o^ and their fundions, 253.

N.

Natural hiftory, has kept pace with other branches of knowledge, 81.

Nerves ; defcription ofthe, which fupply the organ of fmelling, 259 to 264,

O.

Oblique mufcles ; the ufe of the, 253.

Optical writers ; miftakes of, 256=

Organ of hearing in fifties ; is placed on the fide of the fkuU, but makes no part of it, 83.

Turtle and crocodile fomething fimilar, 84 ; increafes in dimenfion with the animal, 83 5

not complicated, 83 ; defcribed in the cod, falmon, ling, ray, and jack, 83. Nerves of th^

?4. Experiments on, 85.

Ovarium i experiments on extirpating it, 157.
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P. .

Pelvis ; fide view of, in which the vafa deferentia did not communicate with the veficulae, and -

the veficulas did not communicate with the urethra, 49.

Penis ; fmall in caftrated animals, 4.3 ; defcription of, 43 ; not fo large in ereftion in a cold,

as a warm day, note 43 j in a horfe juft killed, the cells appear mufcular, and contraded

upon being ftimulated, note 43 ; further defcription of, not: 43 ; ereilion, how produced ;

experiment on, note 45 ; its fpecific ufe, 56 ; impodible for one animal to have a penis

and clitoris, 57. Cafe of a gentleman who had the nerves of the glans, deftroyed, note

262. Cafe of a ferjeant of marines who had loft the greater part of tlie body of the, note

263.

Pheafant ; an account of an extraordinary, 75 ; change, in feather, from a hen to a cock, 78.

does not take place till an advanced period of the animal's life, 79 ; fuppc>fed to be merely

tiie effeft of age, and obtain to a certain degree in every clafs of animals, 80.

Pigeon; defcription of the crop of a, plate xv. 239, 241.

Pigmentum of the ej'e, always correfponds with ta hair and flcin, 244, 245 ; defcription of

various, 246 to 251.

Placenta; flrudturo of the, 163; difleilion of a, 164, 165; defcription of a, i67to 173, 175;
of a monkey, defcribed, 177, 178, 179.

Principle of life ; not wholly confined to animals, or animal fubftance, 119; poffefTed by
ejjifs, ibid.

Proflate gland ; wanting in the bull, buck, and all ruminating animals, 44 note.

Puppy; experiments on a, 112.

R.

Rabbit ; experiments on a, 123.

Retina ; obfervations on the, 252.

Ruptures ; the inteftines fometimes in contafl with the teftis, 2.

S.

Secretion in the crop of breeding pigeons, 235.

Seed; explanation of, 55.

Semen; defcribed, 31, 32 ; can be abf -rbed in theborly of the tefticle, and in the epididymus, 37.
Sepia; (a genus fo called) has the organ ofhearing differently conftructed from that mfiflie:-, 83.
Skull; manner of diffecting the nerves out of the, 261 ; defcription of the nerves out of the,

262, 263.

Slug=, black; experiment on, 117.

Snailr; expeiiments on, io2, 118.

Spermatic artery; its origin, 3; its courfe, 3.

Stomach ; obfrrvations on the, 199, 213.

T,
Tench J experiments en, iig, 125.



X.

INDEX.

Teftis ; its fituation in die foetus, with its ddcent into the fcrotum, i ; formed in the abdo-

men, I ; in the foetus, explains feveral things in ruptures and hydrocele, i ; its fhape and

figure, 3 ; reckoned among the abdominal vifcera, 2 ; fituated immediately below the

kidneys, 2 ; is attached to the pfoas-mufcle, 3 ; the trunk of the aorta more diftant from

_the right teftis than the left, 3 ; its arteries, 3 j its veins are analogous to its arteries, 4

;

its veins, 4 ; its nerves, 4 ; its epididymis, 5 ; its vas deferens, 5 ; tefticles—the cremafter-

mufcle different in the foetus, and in the adult, 6 ; teftis, connefted with the parietes of the

abdomen, 6 ; teftes of the hedge-hog and fheep defcribed, 7 ; its peritonoeal coat, 8 ; its

defcent, 9 ; its manner of coming down, 10 ; frequently happens between the fecond and

tenth year ; the failure in their defcent originates in themfelves, 16 ; method of treatment,

17; does not preferve its proper courfe, 19 ; bandages recommended, 19; teftes; repre-

fentation of, 21 to 30; tefticle j variations of the fparrow, buck, land-moufe, &c. 41 ;

penis, urethra, and all the parts connefted with them, fubfervient to them, 42 ; tefticles,

with the fpermatic chords diflefted, 47 ; teftes ; increafe of, in the fparrow, 50 ; an animal

deprived of his, when young, retains more of the original youthful form, and refembles the

female, 77.

Thermometer; explanation of a, 127.

Trout (Gillaroo) alias gizzard; defcription of the, 181.

V.

Veficulae feminales, defcribed, 31 ; confidered as refervoirs of the femen, 31; this opinion

erroneous, 31 ; cannot be confidered as refervoirs of the femen, 31 ; compared with the

femen of a living man, different from the mucus found in thefe veficulae, 31 ; experiments

on them, 32 ; difcharge from them not feminal, 33 ; in the- human fubjedl do not contain

the femen, 34 ; in fom.e animals no ducSl leading from them to the proftate glands, 36 ;

no peculiar fenfation of any kind felt in them, 37 ; reafons for fuch an opinion, 38 ; in the

horfe, boar, rat, beaver. Guinea-pig, and hedge-hog, 38, 39, 40 ; nothing analogous to

them in birds, 40 ; this is equally applicable to amphibious animals, and to that order of

fifh called rays, 40 ; not for the purpofe of containing femen, 40 ; their fundion mifunder-

ftood, 41 ; fubfervient to generation, 41.

Viper, experiment on a, 116, 117, 118.

Vomitting ; how performed, 200.

W.
Wolf; obfervations on the, 143.

THE END.
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