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??? SIR JOSEPH BANKS, BART. PRESIDENT OF THE ROYAL SOCIETY, &c, &c, &c. DEAR SIR, As the following Observations were made in the Courfe of thofe Purfuits in which you < have fo warmly interefted yourfelf, and promoted withthe moft friendly Affiftance, 1 fhould be wanting inGratitude, were I not to addrefs them to you, as a publicTeftimony of the Friendship and Efteem with which I am, DEAR SIR, YOUR OBLIGED, ANDLeicester-square, VERY HUMBLE SERVANT, november, 9j i786. JOHN HUNTER.
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??? [ * J a description of the situation of the testis in the foetus, with its descentinto the scrotum. ADifcovery in any art not only enriches that to which it immediatelybelongs, but elucidates all. thofe to which it has any relation. A.knowledge of the conftruftion of the human body is effential to medicine,therefore every improvement in anatomy muff throw new light on thatbranch of fcience; and thefe improvements are more ftriking when theyare new; which is well illuftratea by the advantages derived to pathology,from the difcovery of the lymphatics being the abforbent fyftem ; and isno lefs evident in the hernia, where the inteftine lies in contact with thetefhVlo, whirh by the difcovery of the original feat of the tefticleis perfectlyexplained. Several years before Haller\'s Opufcula Patholbgica were publiOied, mybrother informed me, that in examining the contents of the abdomen of achild, ftill born,, about the feventh or eighth month, he found both thetefticles lying in that cavity, and mentioned the circumftance with fomedegree of furprife. We could never explain this matter to our fatisfa&iontill the publication of the Opufcula, to which Dr. Hunter alludes,, com-mentaries, page 72, in the following words.. " In the latter end of the year 1755, when I firft had the pleafure ofreading Baron Haller\'s obfervations on the hernia congenita,2 it ftruck myimagination that the flate of the teftis in the foetus and. its defcent. fromthe abdomen into the fcrotum would explain feveral things concerningruptures and the hydrocele, and particularly that obfervation

which Mr.Sharp had communicated to me, viz. that in ruptures the inteftine isfometimes in contact with the teftis. I communicated my ideas uponthis fubject to my brother, and defired that he would take every opportu- Â? Alberti Halleri Opufcul. Patholog. Laufan, 1755, 8vo. page 53, &c, B nity



??? nity of learning exactly the Hate of the teftis before and after birth, andthe ftate of ruptures in children. We were both convinced that the exa-mination of thofe fads would anfwer our expectation, and both recollectedhaving feen appearances in children, that agreed with our fuppofition, butfaw now that we had negleCted making the proper ufe of them. " In the courfe of the winter, my brother had feveral opportunities ofdiffering foetufes of different ages, and of making fome drawings of theparts ; and all his obfervations agreed with the ideas I had formed of thenature of ruptures, and of the origin of the tunica vaginalis propria in thef?“tus. But till thofe obfervations were repeated to his fatisfadion, andwere fufficiently afcertained, he deli red me not to mention the opinion inmy ledure ; and therefore, when treating of the coats of the teftis, and ofthe fituation of the hernial fac, &c. I only put in this temporary caution,that I was then fpeaking of thofe things as they are commonly in adultbodies, and not as they are in the foetus : and at laft, when I was conclu-ding my ledures for that feafon in the end of April. T756, with a courfeof the chirurgical operations, I gave a very general account of my brother\'sobfervations, and fhewed both the drawing of Fig. II. which was thenfinished, and the fubjed from which it was made." The following obfervations on this fubjed are taken from my notes,published by Dr. Hunter, in his commentaries, to which I have finceadded fome practical remarks. Until the approach of birth, the teftes of the foetus are lodged withinthe

cavity of the abdomen, and may therefore be reckoned among the ab-dominal vifcera. They are fituated immediately below the kidneys, on the forepart of thepfose mufcles, and by the fide of the reCtum, where this inteftine is paffingdown into the cavity of the pelvis : for in the foetus the redum, which ismuch larger in proportion to the capacity of the pelvis, than in the full-grown fubjed, lies before the vertebrae lumborum as well as before the osfacrum. Indeed the cafe is pretty much the fame with regard to all thecontents of the pelvis ; that is, their fituation is much higher in the foetusthan in the adult 5 the figmoeide flexure of the colon, part of the redum,the greateft part of the bladder, the fundus uteri, the fallopian tubes, &c.



??? &c. being placed in the foetus above the hollow of the pelvis, in the com-mon or great abdominal cavity. At this time the fhape or figure of the teftis is much the fame as inthe adult, and its pofition or attitude is the fame as when it is in the fcro-turn that is, one end is placed upwards, the other downwards ; one flatfide is to the right, the other to the left -, and one edge is turned back-wards, the other forwards. But as the teftis is lefs connected with thefurrounding parts while it is in the loins, its pofition may be a little va-riable. The moft natural feems to be when the anterior edge is turneddirectly forwards ; but the leaft touch of any thing will throw that edgeeither to the right fide, or to the left, and then the flat fide of the teftis isturned forwards. It is attached to the pfoas mufcle all along its pofterior edge, except juftat its upper extremity. This attachment is formed by the peritonaeum,which covers the teftis and gives it a fmooth furface, in the fame manneras it envelopes the other loofe abdominal vifcera. The epididymis lies along tne ouinac ur aie poitenor edge or trie teftis,as in older bodies,, but is larger in proportion, and adheres backwards tothe pfoas. When the foetus is very young, the adhefion of the teftis andepididymis to the pfoas is very narrow ; and then the teftis is more loofe,and more proje<fting ; but as the f?“tus advances in months, the adhefionof the teftis to the pfoas becomes broader and tighter. The veffels of the teftis, like thofe of moft parts of the body, commonlyrife from the neareft larger trunks, viz. from the

aorta and cava, or fromthe emulgents. The artery generally rifes from the forepart of the aorta, a little belowthe emulgent artery ; and often from the emulgent itfelf, efpecially in theright fide of the body ; which may happen the rather, becaufe the trunkof the aorta is more diftant from the right teftis than from the left. Some-times, but much more rarely, the fpermatic artery fprings from the phrenic,or from that of the capfula renalis. Befides the artery which riles fromthe aorta, or emulgent, &c. the teftis receives one from the hvpogaftricartery, which is fometimes as large as the other. It runs upwards fromits origin, pafiing clofe to the vas deferens, in its way to the teftis. The B 2 fuperior



??? fuperior fpermatic artery fometimes paffes before the lower end of the kid-ney. Both thefe arteries run in a ferpentine direction, making pretty largebut gentle turnings; both are fitu ted behind the peritonaeum, and bothrun into the pofterior edge of th- teftis, between the two reflected laminasof that membrane, much in the fame manner as the vefTels pafs to the in-teftines between the two reflected laminas of the mefocolon or mefentery.â–  The veins of the teftis are analogous to its arteries. The fuperior fper-matic vein, to begin with its trunk, rifes commonly in the following man-ner ; on the right fide from the trunk of the cava a little below theemulgent, and on the left fide from the left emulgent vein. The reafonof this difference between the right and left fpermatic vein, no doubt, isbecaufe the cava is not placed in the middle of the body -, fo that by therule of ramification, which is obferved in moft parts of the body, the cavais the neareft large vein of the right fide, and the emulgent is the neareftlarge vein of the left lide. But the difference is inconliderable ; and ac-cordingly we fometimes find the right fpermatic vein coming from theright emulgent vein, and ieveral other varieties, which, fo far as I canÂŠbferve, follow no precife rule. There is likewife a fpermatic vein, whichrifes from the internal iliac, and runs up to the teftis with the inferiorfpermatic artery. Both the fpermatic veins run behind the peritoneumwith their correfponding arteries, and go into the pofterior edge of theteftis, where they are loft in fmall branches. The nerves of the teftis,

like its blood-veffels, come from the neareftfour.cethat is, from the abdominal plexufes of the intercoftal; efpeciallythe inferior rnefenteric plexus. They run to the teftis, attending upon itsblood-veffels, and are difperfed with them through its fubftance. Theteftis therefore, with refpect to its nerves, may be reckoned an abdominalvifcus ; and this obfervation will hold good, when applied to the full-grown fubjed, as well as to the f?“tus ; for thofe branches of the lumbarnerves, which are commonly faid to be fent to the teftis, pafiing throughthe tendon of the external oblique mufcle, in reality go not to the teftisitfelf, but to its exterior coverings, and to the fcrotum. The tefticle receiving its nerves from the plexufes of the intercoftal,accounts for the ftomach and inteftines fympathifing fo readily with it and



??? tnd its particular fenfation, with the elects arifing in-the conftitution uponits being injured. The epididymis begins at the outer and pofterior part of the upper endof the teftis, immediately above the entrance of the blood-veffels. Thereit is thick, round, and united to the teftis; as it paffe.s down, it becomesa little fmaller and more flat, and is only attached backwards to the teftis,or rather indeed to its veffels, for it lies loofe againft the fide of the teftisforwards; and at its lower end it is again more firmly attached to the bodyof the teftis ; fo that in the fcetus there is a cavity or pouch formed betweenthe middle part of the teftis, and the middle part of the epididymis, whichis more confiderable than what is commonly obferved in full-grown fub-jedts. As the body grows, the epididymis adheres more clofely to the fideof the teftis. The greateft part of the epididymis is made up of one con-voluted canal, which becomes larger in fize and lefs convoluted towardsthe lower end of the epididymis, and at laft is manifeftly a fingle tube run-ning a little ferpentine. That change happens at the lower end of theteftis, and there the canal taK.es tiie name uf vm ucitmia. This duÂ?t is a little convoluted or ferpentine in its whole courfe, butis lefs fo as it comes nearer to the bladder; inftead of running upwardsfrom the lower end of the teftis, as it does at a more advanced period oflife, in the foetus at this age it runs downwards and inwards in its wholecourfe; fo that it goes on almoft in the direction of the epididymis, ofwhich it is a continuation. It turns

inwards from the lower end of theepididymis, under the lower end of the teftis, and behind the upper endof a ligament or gubernaculum teftis, which I fhall prefently defcribe;then it paffes over the iliac veffels and over the infide of the pfoas muf-cle, fomewhat higher than in adult bodies; and at laft goes between theuretei^and bladder towards the bafis of the proftate gland. In thofe animals where the tefticles change their fituation, the cremaftermufcle, which fhould be named mufculus teftis, has two very different po-fitions in the foetus, and in the adult; the firft of thefe is, the fame as inthofe animals whofe tefticles remain through life in the cavity of theabdomen; we muft therefore conclude that the fame purpofes are anfweredby this mufcle in the foetus, as in thofe animals. The



??? The ufe of this mufcle, when the tefticle is in the fcrotum, appears tobe evidently that of a fufpenfory : but what purpofe it anfwers in the foetus,or in animals whofe tefticles remain in the abdomen, is not eafily imma-gined, there being no apparent reafon why fuch a mufcle fhould exift. The cremafter or mufculus teftis appears to be compofed of the lowerfibres of the obliquus internus and tranfverfalis mufcles in the foetus,turning upwards inftead of going acrofs to the pubis and fpreading uponthe external furface of the gubernaculum immediately under the perito-naeum j it appears to be loft on the peritonaeum, a little way from thetefcicle; this is more evidently feen in adult fubjeÂ?ts who have had a hy-drocele, or rupture; in- fuch cafes the mufcle becomes ftronger than ufual,and its fibres can be traced fpreading on the tunica vaginalis, and feemat 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 thenerves of the obliquus internus and tranfverfalis mufcles, for the fame caufewhich throws the abdominal mufcles into action produces a fimilar effedton the mu&ulus teftis, which circumitance appears to be moft remarkablein the young fubjedl. When we cough or a<5t with the abdominal muf-cles we find the tefticles to be drawn up j the mufculus teftis and abdom-inal mufcles obeying the fame command of the will. At this time of life the teftis is connected in a very particular mannerwith the parietes of the abdomen, at that place where in adult bodies thefpermatic

veffels pafs out, and likewife with the fcrotum. This connectionis by means of a fubftance which runs down from the lower end of theteftis to the fcrotum, and which at prefent I fhall call the ligament, orgubernaculum teftis, becaufe it connects the teftis with the fcrotum, anddire&s its courfe in its defcent. It is of a pyramidal form; its largebulbous head is upwards and fixed to the lower end of the teftis andepididymis, and its lower and flender extremity is loft in the cellular mem-brane of the fcrotum. The upper part of this ligament is within theabdomen, before the pfoas, reaching from the teftis to the groin, or towhere the fpermatic veffels begin to pafs through the mufcles. Here theligament runs down into the fcrotum precifely in the fame manner as thefpermatic veffels pafs down in adult bodies* and is there loft.. The lower part



??? part of the round ligament of the uterus in a f?“tus very much refemblesthis ligament of the teftis ; and may be plainly traced down into thelabium, where it is imperceptibly loft. That part of the ligamentum teftis,which is within the abdomen, is covered by the peritonaeum all round,except at its pofterior part, which is contiguous to the pfoas, and con-nected with it by the reflected peritoneum, and by the cellular membrane.It is hard to fay what the ftruCture or compofition of this ligament maybe. It is certainly vafcular and fibrous, and the fibres run in the directionof the ligament itfelf. It is covered by the fibres of the cremafter ormufculus teftis which is placed immediately behind the peritoneum ;this is not eafily afcertained in the human fubjeCt, but is very evident inother animals, more efpecially in thofe whofe tefticles remain in the ca-vity of the abdomen after the animal is full-grown. In the hedge-hog t??ie teftes continue through life to be lodged withinthe abdomen, in the fame fituation as in the human f?“tus ; and they are1 aliened hj tkÂŽ kind of ligament to the infide of the oarietes of theabdomen at the groin. Now, in that animal, I find that the lowermoffcfibres of the internal oblique mufcle, which conftitute the cremafter, areturned inwards at the place where the fpermatic veffels come out in otheranimals, making a fmooth edge or lip by their inverfion ; and that thenthey mount up in the ligament to the lower end of the teftis. Sometimesin the human body, and in many other animals, and very often in fneep,the teftes do

not defcend from the cavity of the abdomen till late in life,or never at all. In the ram, where the teftis is come down into thefcrotum, the cremafter is a very ftrong mufcle ; and, though it be placedmore inwards at its beginning, it pafles down pretty much as it does inthe human body, and is loft on the outfide of the tunica vaginalis ; but inthe ram, whofe teftis remains fufpended in the abdominal cavity, I findthat the fame cremafter exifts, though it is a weaker mufcle ; and infteadof paffing downwards, as in the former cafe, it turns inwards and up-wards, and is loft in the peritoneum that covers the ligament whichattaches the teftis to the parietes of the abdomen, and which in thisftate of that animal is about an inch and an half in length. In thehuman f?“tus, while the teftis is retained in the cavity of the abdomen, the



??? the cremafter is fo flender that I cannot trace it to my own fatisfadtiorjyeither turning up towards the teftis or turning down towards the fcrotum,.Yet from analogy we may conclude that it paffes up to the tefticle, fincein the adult we find it inferted or loft on the lower part of the tunica va-ginalis, in the fame manner as in the adult quadruped. The peritonaeum, which covers the teftis and its ligament or guberna-culum, is firmly united to the furfaces of thofe two bodies; but all around,to wit, on the kidney, the pfoas, the iliacus interims, and the lower partof the abdominal mufcles, that membrane adheres very loofely to all thefurfaces which it covers. Where the peritonaeum is continued or reflectedfrom the abdominal mufcles to the ligament of the teftis, it paffesfirft downwards a little way, as if palling out of the abdomen, and thenupwards, fo as to cover more of the ligament than what is within thecavity of the abdomen. At this place the peStonaeum is very loofe,thin in. its fubftance, and of a tender gelatinous texture; but all aroundthe paflage of that ligament the peritonaeum is confiderably tighter, thicker,and of a more firm texture. When the abdominal mufcles are pulled upfo as to tighten and ftretch the peritonaeum, this membrane remains-.loofeat the paflage of the ligament, while it is braced or tight all around; andin that cafe the tight part forms a kind of border or edge around the loofedoubled part of the peritonaeum, where the teftis is afterwards to pafs. Thisloofe part of the peritonaeum, like the intro-fufcepted gut, may,

by draw-ing the teftis upwards, be pulled up into the abdomen, and made tight;and then there is no appearance of an aperture or paffage down towardsthe fcrotum : but when the fcrotum and ligament are drawn downwards,the loofe doubled part of the peritonaeum defcends with the ligament, andthen there, is an aperture from the. cavity of the abdomen all around theforepart of the ligament, which feems ready to receive the teftis. Thisaperture becomes, larger when the teftis defcends lower, as if the pyramidalor wedge-like ligament was firft drawn down, in order not only to dired:but. to make room for the teftis which muft follow it. In fome foetufesI found the aperture fo large, that I could pufh the teftis into it, asfar as the tendon of the external oblique mufcle, .



??? From this original fituation within the abdomen the teftis is afterwardsmoved to its deftined ftation in the fcrotum. It is the more difficult toafcertain the exadt time of this motion, as we hardly ever know the exadtage of our fubjedt. According to the obfervations which I have made, itfeems to happen fooner in fome instances than in others, but generallyabout the eighth month. In the feventh month I have commonly foundthe teftis in the abdomen, and in the ninth I have as commonly found itin the upper part of the fcrotum. The defcent being thus early and thepaftage being almoft immediately clofed is the principal means of prevent-ing the hernia congenita. At the before mentioned period, the teftis moves downwards till its-lower extremity comes into contadt with the lower part of the abdominalparietes. By this time the upper part of the ligament, which hithertowas within the abdomen, has funk downwards, lies in the paftage fromthe abdomen to the fcrotum, and lies in that paffage which is afterwardsto receive the teftis. As the tefticle paffes out, it in fome degree inverts thefituation of the ligament palling down uenmci iu wnat was the anteriorfurface of the ligament while in the abdomen now becoming pofterior andcompofing the lower and anterior part of the tunica vaginalis on which themufculus teftis is loft: this is more evident in thofe animals whofetefticles readily pafs from the abdomen to the fcrotum. The place wherethe ligament is moft confined, and where the teftis meets with moftobftrudtion in its defcent, is the

ring in the tendon of the externaloblique mufclej and accordingly I think we fee more men who haveone teftis, or both, lodged immediately within the tendon of that muf-cle, than who have one or both ftill included in the cavity of the ab-domen, which I fhall take notice of hereafter. After the teftis has got quite through the tendon of the externaloblique mufcle, it may be confidered as pofteffing its determined ftationthough it commonly remains for fome time by the fide of the penis,,and by degrees only defcends to the bottom of the fcrotum. And whenthe teftis has defcended entirely into the fcrotum, its ligament is ftill con-nected with it, and lies immediately under it, but is /hortened and com-prelTed, C



??? Having now given an account of the original fituation of the teftes, ofthe time of their defcent from the abdomen, and of the route which theytake in their removal to the fcrotum, I fhall in the next place defcribe themanner in which they carry down the peritoneum with them, and thenexplain how that membrane forms the fac of the hernia congenita in fomebodies, and the tunica vaginalis propria in others. When the teftis is defcending, and when it has even pafTed into thefcrotum, it is ftill covered by the peritoneum, exactly in the fame manneras when it was within the abdomen ; and the fpermatic veffels run downbehind the peritoneum there, as they did when the teftis lay before thepfoas mufcle j and that lamella of the peritoneum js united behind withthe teftis, the epididymis, and the fpermatic veffels (befides the vas de-ferens) as it was in the loins; and the teftis is fixed backwards to theparts againft which it refts, and is unconnected and loofe forwards, as itwas when in the abdomen. In coming down the teftis brings the peri-toneum with it; and the elongation of that membrane, though in fomecircumftances it be like a common hernial lac, yet in others is very dif-ferent. If we can imagine a common hernial fac reaching to the bottomof the fcrotum, and covered by the cremafter mufcle, and that the pofte-rior half of the fac covers, and is united with, the teftis, epididymis,fpermatic veffels, and vas deferens, and that the anterior half of the faclies loofe before all thofe parts, it will give a perfeCt idea of the ftate ofthe peritoneum, and of the teftis

when it comes firft down into thefcrotum. The teftis therefore in its defcent does not fall loofe, like theinteftine or epiploon, into the elongation of the peritonaeum but it Hidesdown from the loins, carrying the peritoneum with it; and both itfelfand the peritoneum continue to adhere by the cellular membrane to theparts behind them, as they did when in the loins. This is a circumftancewhich I think may be eafily underftood; and yet I Ihould fuppofe thatIt may not be fo very intelligible, becaufe I find ftudents very generallypuzzled with it, and imagine that, when the teftis comes firft down, itihould be loofe all around, like a piece of the gut or epiploon in a common;hernia. The duCtility of the peritoneum, and its. very loofe connectionby a. flight cellular membrane to the pfoas, and to all the other parts around;



??? around the teftis, are circumftances which favour its elongation anddefcent into the fcrotum with the teftis. This peculiarity of defcent oftentakes place in fome of the inteftines ^ but it can only happen in thofewhich have adhefions to the loins. This I fufped: to be rather the con-iequence of a rupture already formed, than the caufe of the firft forma-tion of the hernial fac, in which the inteftine lies, and I fhould fuppofecould only form very gradually. The caecum has been fometimes foundto have defcended into the fcrotum, and to have brought along with itits adhefions through its whole courfe : the fame thing has happened tothe figmoide flexure of the colon ; and I have found the whole of it inthe left fide of the fcrotum, with its adhefions brought down from theloins. Such hernia; cannot be reduced ; and in cafe of ftrangulation arenot to be operated upon in the common way; the fac fliould not beopened, but the ftri&ure 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 teftis in the fcrotum,muft at firft communicate wrai uic g^uciiu cavity ur uic *bUvmcn, by an aperture at the infide of the groin. That aperture has exa&ly theappearance of a common hernial fac : the fpermatic veflels and vas defe-rens lie immediately behind it, and a probe pafles readily through it fromthe general cavity of the abdomen down to the bottom of the fcrotumÂ?And if this procefs of the peritoneum be laid open through its wholelength on

the forepart, it will be plainly feen to be a continuation of theperitonaeum ; the teftis and epididymis will be feen at the lower part ofit ; and the fpermatic veflels and the vas deferens will be feen covered bythe pofterior part of the bag, in their whole courfe from the groin to theteftis. Thus it is in the human body, when the teftis is recently come down *and thus it is, and continues to be through life, in every quadrupedwhich I have examined, where the teftis is in the fcrotum ; but in th@human body the communication between the fac and the cavity of theabdomen is foon cut off : indeed I believe that the upper part of the facnaturally begins to contract as foon as the teftis has pafled throughthe mufcles. This opinion is grounded on the following obiefvation, C 2 I have



??? I have feen an inftance where from the age of the fcetus and from everyother mark, it was probable that the teftis was very recently come down,\'and yet the upper part of the fac was very narrow : I pufhed the teftisupwards, in order to fee if it could be returned; the attachments of theteftis eafily admitted of its afcent, and fo did the aperture in the tendon ofthe external oblique mufcle; but the orifice and upper end of the fac wouldnot, by any means, admit of the teftis being puflied quite up into the ab-domen. However this may be, the upper end of the fac certainly con-traits, and unites firft, and is quite clofed in a very fhort fpace of time;for it is feldom that any aperture remains in a child born at its full time;and this contraction and union is continued downwards till it comes nearthe tefticle, where the difpofition for fuch an operation does not exift,leaving the lower part of the fac open or loofe, even in the human fubjecSt,through life, and forms the tunica teftis vaginalis propria, the commonfeat of an hydrocele. Many cafes of hydrocele in children feem to provethat the progrefs of this contraction and union is downwards, for in themthe water commonly extends higher up the chord than in the adult,except in thofe of a confiderable fize; but in fome children this unionfeems not to take place regularly, but is interrupted in the middle, produ-cing an hydrocele of the chord, which neither communicates with theabdomen or tunica vaginalis teftis. This contraction and obliteration ofthe paftage feems to be a peculiar operation of nature, depending

uponfteady and uniform principles, and not the confequence of inflammation,or of any thing that is accidental: and therefore, if it is not accomplishedat the proper time, the difficulty of bringing about an union of the part ismuch greater; as in children who have had the fac kept open by a turn ofthe inteftine falling down into the fcrotum immediately after the teftis.This looks as if nature, from being baulked when Â?he was in thehumour of doing her work, would not, or could not fo eafily do it after-wards. I fhall readily grant that what has been advanced here as a proofof the doCtrine, may be explained upon other principles. This at leaftis certain, that the clofing of the mouth, and of the neck of the fac, ispeculiar to the human fpecies; and we muft fuppofe the final caufe tobe the prevention of ruptures, to which men are fo much, more liable than



??? than beafts, from their erect ftate of body. I11 fome cafes the apertureof the fac is not entirely clofed, allowing a fluid to pafs down and forma hydrocele, which fluid upon preffure can be fqueezed back into thebelly; cafes of this kind fometimes give the idea of a gut being pro-truded, and make it difficult to determine the exaCt nature of the cafe. What is the immediate caufe of the defcent of the teftis from theloins to the fcrotum ? It is evident that it cannot be the compreffiveforce of refpiration, becaufe commonly the teftis is in the fcrotum beforethe child has breathed ; that is, the effect has been produced before thefuppofed caufe has exifted. Is the teftis pulled down by the cremaftermulcle ? I can hardly fuppofe that it is ; becaufe, if that was the cafe,I fee no reafon why it Ihould not take place in the hedge-hog, as wellas in other quadrupeds ; and if the mufculus teftis had this power, itcould 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 ofthis queftion, have not ctmnacivu, /un <>r budy, the teftes are fituated, not in the fcrotum, but immediately below thekidneys ; and that therefore it was very natural that their blood-veffelsfhould rife in the fame manner as thofe of the kidneys, but a little lower.The great length of the fpermatic veffels in the adult body will nodoubt occafion a more languid circulation, which, we may fuppofe, wasthe intention of nature. The fituation of the teftis in the

f?“tus may likewife account for thecontrary directions of the epididymis and of the vas deferens in adultbodies, though thefe two in reality make only one excretory canal. I11the f?“tus the epididymis begins at the upper end of the teftis 3 andit is natural, confidering it as an excretory tube, that it fhould rundownwards. And it is as natural that the reft of the tube, which iscalled vas deferens, ihould turn inwards at the lower end of the teftis,becaufe that is its moft direCt courfe to the neck of the bladder. Thuswe fee that in the f?“tus the excretory duCt is always paffing down-wards. But the teftis is directed in its defcent by the gubernaculum Â?and this is firmly fixed to the lower parts of the teftis and epididymis, and



??? and to the beginning of the vas deferens, and thence muft keep thofeparts invariable in their fttuation with refpedt to one another: and there-fore in proportion as the teftis defcends, the vas deferens muft afcend fromthe lower end of the teftis j and it muft, from the pafTage through the ab-dominal mufcles down to the teftis, run parallel with the fpermatic veffels. The teftis, its coats, and the fpermatic chord, are fo often concerned infome of the moft important difeafes and operations of furgery, particularlyin the bubonocele and hydrocele, that their ftrudture has been examinedand defcribed by the furgeons, as well as by the anatomifts, of every age.Yet the defcriptions of the cleareft and beft writers upon the fubjedt differfo much from one another, and many of them differ fo much from whatis obvious and demonftrable by diffedtion, that it would feem difficult toaccount for fuch a variety of opinions. The very different ftate of theparts in the quadruped, and in the human body, no doubt, muft have oc-cafioned error and confufion among the writers of more antient times,when the parts of the human body were defcribed from diffedtion s and ob-servations made principally upon brutes : and the circumftances in theftrudlure of the parts, which are peculiar to the fcetus, having been im-perfectly underftood, we may fuppofe, has likewife contributed to makeperplexity and contradiction among authors. Baron Haller, in his Opufcula Pathologica, has obferved, that in infants,fometimes the inteftine falls down into the fcrotum after the teftis, or

alongwith it, and occafions what he calls the hernia congenita. In fuch a cafethe hernial fac is formed before the inteftine falls down, as that ingeniousanatomift has obferved. There are befides two very peculiar circumftan-ces in a rupture of this kind; the inteftine is always in immediate contadtwith the teftis, and there is no tunica vaginalis propria teftis. The ftruc-ture of the parts in the foetus explains, in the moft fatisfadlory manner,both thofe circumftances, however extraordinary they muft appear to aman who is only converfant with the ftrudlure of the parts in fubjedts ofa more advanced age : and indeed it is fo clear that it needs no illuftration.I may obferve, however, that the hernia congenita may happen, not onlyby the inteftine falling down to the teftis before the aperture of the fac be clofed?



??? clofed, but perhaps afterwards : for when the fac has been but recentlyclofed, it feems poffible enough that violence may open it again. It mull likewife be obvious to every anatomift, who examines the ft a teof the teftis in children of different ages, that the mouth and neck only ofthe fac clofe up, and that the lower part of the fac remains loofe aroundthe teftis, and makes the tunica vaginalis propria. Whence it is plain thatthis tunic was originally a part of the elongated peritonaeum : and as thattunic is undoubtedly the feat of the true hydrocele, it is alfo plain that thehernia congenita and the true hydrocele cannot exift together in the famefide of the fcrotum ; for when there is a hernia congenita, there is noother cavity than that of the hernial fac ; and that cavity communi-cates with the general cavity of the abdomen.. The obfervations, contained in the two laft paragraphs, occurred tomy brother upon reading Baron Haller\'s Opufcula Pathologica, and gaverife to my inquiries upon this fubje?Šh Ha ving given an account of the fituation of the tefticles in the foetus,of their defcent, and the circumitances attending it, I fhall next confider the cafes where this change takes place in one or both tefticles later thanthe ufual or natural time : and having taken notice of the confequences ofthis defcent when it happens at fo late a period, 1 fhall proceed to mentionthofe cafes in which the tefticles never pafs out of the abdomen.. I have laid, that the early coming down of the tefticles, and clofing ofthe mouth of the fac, by ufually taking place before

birth, hinder thedefcent of any part of the abdominal vifcera ; but when the tefticles re-main in their firft fituation beyond this period, thefe advantages are loft ya part of the inteftines or epiploon being liable to defcend. along with them. The firft or natural procefs, in lome inftances, not having been begun,or having been interrupted before birth, it becomes afterwards very uncer-tain when the defcent will be compleated ; yet I think the completionmoft 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 thetefticle ; but I am inclined to fufpe?? that the fault originates in the tef-ticles themfelves ; it is however certain that the tefticle which has com-



??? pleated its defcent, is the largeft, which is more evident in the quadrupedthan in the human fubjeCt â€? as in thefe we can have an opportunity ofexamining the parts when we pleafe, and can determine how fmall, incompanion with the other, that tefticle is which has exceeded the ufualtime of coming; down: it never defcends fo low as the other. O -* The defcent of that tefticle is very flow, which is not compleated beforebirth, often requiring years for that purpofe; it fometimes- never reachingthe fcrotum, efpecially the lower part of it. There is oftner I believe aninequality in the fituation of the two tefticles than is commonly imma-gined; they are feldom equally low in the fcrotum; and I am of opinionthat the loweft is the moil vigorous, having taken the lead readily andcome to its place at once: the part where it meets with the greateftdifficulty in its defcent, is in the divifion of the tendon of the externaloblique mufcle, called the ring. How far an erect pofition of body, the action of the abdominalmufcles, and the effect produced upon the contents of the abdomen inbreathing, may contribute mechanically to the defcent of the tefticleswhen the natural operations of the animal ceconomy have failed, X willnot pretend to decide; but when we fee thefe combined actions produ-cing an unnatural defcent of a portion of inteftine, we may conceivethat they are likewife capable of contributing to the defcent of thetefticle. When the tefticle has remained in the cavity of the abdomen beyondthe ufual time, it is impoffible to fay whether the difpofition for do-ling up the

paffage, after it has palled out, is in fome meafure loft ornot; but when it comes down after birth, we can eafily fiippofe fomeportion of inteftine or epiploon more ready to defcend and prevent the do-ling of the mouth of the fac, than before the child was born when no fuckactions had taken place; we fliould therefore watch this defcent of thetefticle, and endeavour by art to procure that union which the naturalpowers are either not difpofed to perform, or are prevented from compleat-ing 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 progrefsis very flow, efpecially when-the tefticle is creeping through the ring, a doubt



??? doubt often arifes in the mind, whether it is better entirely to prevent itspaffage, or to affift it by exercife or other means ; it would certainly be thebeft practice to affift it if that could be done effectually. When it has gotupon the outiide of the tendon it in general can be eafily pufhed up againinto the abdomen; and in thefe two fituations it will fometimes play back-wards and forwards, for years, without ever coming low enough to allowof the ufe of artificial means to prevent its defcent, or to prevent a rupture.In this cafe it becomes difficult to determine what fhould be done ; butfrom what I have feen I fhould be inclined to wait the defcent and give itevery affiftance in my power. Indeed in all cafes I would advife waitingwith patience; for in moft of thofe which I have feen, years have elapfedfrom the firft appearance of the tefticle under the ring of the abdominalmufcle before it has reached that fituation in which we may fafely applya trufs. I never perceived that any inconvenience arofe from waiting; andthe danger, if there is any, may be in fome degree avoided. I have alwaysrecommended modpra fe. not violent exercife. When the tefticle has got fome way below the ring then the cafe is tobe treated as an inguinal hernia, and a trufs applied upon the ring abovethe tefticle; taking care the tefticle is not injured by it: but as this gene-rally happens at too early a period for the patients themfelves to be able toattend to it, it becomes the more necefiary that the furgeon who is em-ployed fhould be very attentive, and that thofe who have the charge

ÂŠftheir education fhould watch them with particular care. If it is thought advifable to prevent the tefticle from coming down, atrufs is equally adapted for that purpofe, as for preventing the defcent ofan inteftine where there is an hernial, fac. It fometimes happens that one of the tefticles remains in the cavity ofthe abdomen through life, never afiuming the difpofition to change itsfituation when this happens, the perfon naturally concludes that he has,only one tefticle; and it can only be know7n that he had two by an exami-nation. of thefe parts after death : it is however poffible in fome inftan-ces that one may be wanting ; but if we are to reafon from analogy,we muft fuppofe this very feldom to be the cafe. As it is a very com-Â? mon circumftance for many quadrupeds to have only one. tefticle in the I> fcrotum5



??? fcrotum, and in fuch which are killed for food, and from that circum-ftance come more particularly under obfervation, we in general find theother in the cavity of the abdomen; and in fome inftances they areboth found lying in that cavity. When both tefticles remain through life in the belly, I believe thatthey are exceedingly imperfeCt, and incapable of performing the naturalfunctions of thofe organs; and this imperfection prevents the difpofitionfor their defcent taking place. They are more defective than thofe whichare late in coming into the fcrotum. This is very evident in the quad-ruped, for in them the tefticle which has reached the fcrotum is con-fiderably larger than that which remains in the abdomen. It is pro-bable that it is a tendency towards an hermaphrodite, the tefticle feldombeing.well formed. In fuch cafes nothing is to be done by art; as itis not poflible to give the ftimulus of perfection to fuch tefticles, whichI believe is neceffary to make them affume the difpofition which is re-quifite for their defcent; and the ring of the external oblique mufcle isprobably lefs liable, in thefe inftances, to allow of the defcent of aportion of inteftine than where the tefticles have palled through it ;fuch perfons being perhaps more fecure from accidents of this kind thanif they had been more perfectly formed. That the defcriptions which I have given may be better underftood Ihave annexed three figures that were carefully taken from nature.
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???



??? r i9 3 PLATE I. THE firft figure reprefents the teftes within the abdomen, in an abortivefoetus of about fix months. All the inteftines, except the reCtum,are removed; and the peritonaeum in nioft places is left upon the furfaceswhich it covers, fo that the parts have not that fharpnefs and diftinCt ap-pearance which might have been given to them by direction.A The upper part of the obje&, covered with a cloth,BB The thighs.C The penis.D The fcrotum. E The flap of the integuments, abdominal mufcles, and peritonaeum, turned back over the right os ilium to bring the teftis into view.F The flap of the fkin and cellular membrane of the left fide difpofed inthe fame manner. G The flap of the abdominal mufcles and of the peritoneum of the leftfide turned back over the fpine of the os ilium. The lower part ofthis flap is cut away, in order to fhew the ligament of the teftispaffing down through the ring into the fcrotum.HH The lower part of each kidney. I The projection formed by the lower vertebrae lumborum, and by the bifurcation of the aorta and vena cava.K. The reCtum 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 thecolon.. M The lower branch of the fame artery, which went down into the pel-vis behind the reCtum.N The lower part of the bladder, that part of it which is higher than the ofla pubis in fo young a foetus being cut away.OO The hypogaftric 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 palling down before the pfoas mufcle and iliacvelfels, in its courfe to the lower part of the bladder. D 2 Qg^ The



??? QQJFlie fpermatic arteries running a little Terpentine. RR The teftes fituated before the pfoae mufcles, a little higher than theinguina. In this figure the interior edge of the teftis is turned alittle outwards, to fhow the fpermatic vefiels coming forwards tothe pofterior edge of the teftis, in the duplicature of the perito-naeum : which duplicature connects the teftis, inclofes its vefiels,and gives it an external fmooth coat, much after the fame manneras the duplicature of the mefentery connects the inteftine, conveysits vefiels, and gives it a polifhed covering. The beginning of the epididymis is feen at the upper end of theteftis, from which it runs down on the outfide (and therefore in thisview behind the body) of the teftis. SS The vas deferens of each fide pafiing acrofs, in a ferpentine courfe,from the extremity of the epididymis at the outfide of the lower endof the teftis, and then before the lower part of the ureter, in its wayto the veficula feminalis. TT What I have called the gubernacula or ligaments of the teftes in afoetus. On the left fide this ligament is entire, fo that it is feengoing down from the lower end of the teftis, through the ring ofthe mufcle, into the fcrotum: but on the right fide its upper andforepart is cut away, that the continuity of the epididymis and vasdeferens may be feen; and no more of the ligament is exhibitedthan what is fituated within the cavity of the abdomen. N, B. The lower part of the ligament, as it is feen in the right fide ofthis figure, lies fo loofe in the paflage through the mufcles, and isthere fo loofely

covered by the peritonaeum, that, when the teftis ispulled up, more of the ligament is feen within the cavity of the ab-domen, and then the peritonaeum is made tight and fmooth at thatplace; but, on the contrary, when the fcrotum is pulled downwardsthe lower part of the ligament is dragged fome way down throughthe paflage in the mufcles, and the loofe peritonaeum is carried alongwith 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 afmall hernial fac, on the forepart of the ligament.
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???



??? r ax ] PLATE II. THE fecond figure reprefents nearly the fame parts in a foetus, fome-what older, in order to Â?hew the ftate of the teftes when they have recently defcended from the abdomen into the fcrotum. The fmall inteftines are removed, and the large inteftines are left in their natural lituation. A A The liver, in out-lines. BB The thighs, unfinifhed. C The penis. D The middle part of the fcrotum; on each fide of which the forepartof the fcrotum is cut away, that the teftes may be feen. EE The two flaps of the {kin and of the cellular membrane difledted offfrom the lower part of the abdomen, and turned down upon thethighs. F The inteftinum coecum. 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 figmoeid flexure, whichin adults is feated quite in the cavity of the pelvis. M The beginning of the rectum. N Part of the abdominal mufcles of the right fide, with the fmooth in-verting peritonaeum, turned back over the fpine of the os ilium. OO The lower part of the obliquus externus mufcle of the left fide. P The lower part of the redtus mufcle of the right fide, turned outwards,and towards the left fide, fo that the epigaftric artery is feen goingto the infide of that mufcle. QJThe forepart of the bladder. R The urachus, as it is called. S The crural veflels coming into the thigh from behind the ligamenturnFallopii. X The



??? T The external appearance of the fpermatic rope of the left fide. U The external appearance of the teftis, when its tunica vaginalis, orprocefs of the peritonaeum, is a little diftended with air or waterpoured into it from the cavity of the abdomen. V The right teftis, brought fully into view by laying open the procefs of the peritoneum in its whole length. W The epididymis of the fame fide. XX The fpermatic veffels. Y The vas deferens. N. B. The peritonaeum lies before the fpermatic veffels and vas deferens, or covers them within the abdomen ; andits procefs or elongation covers them in the fame manner all theway from the abdominal mufcles downwards fo that if the intef-tine flips down after the teftis in a foetus it muft be placed beforethe fpermatic veffels and vas deferens. Z The ureter. & The remains of the gubernaculum or ligament which bound and con-ducted 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 a hernial fac to a little below theteftis, lies before the teftis, epididymis, fpermatic veffels, and vasdeferens, and that it covers thofe parts in the fame manner as itcovers the abdominal vifcera, viz. the pofterior part of the fac (fup-pofing the fac to be cut lengthways into two halves) is united withthem, and gives them a fmooth furface, while the. anterior half ofthe fac lies loofe before them, and may be removed to fome diftancefrom them, as when the fac is diftended with water.
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??? PLATE III. THE third figure reprefents the telles, &c. in the fame fubje6t ^ allthe parts above the ofla ilium being cut away, and the abdominal mufcles and the bladder being turned downwards, AA The thighs, unfiniftied. B The penis. C The middle part of the fcrotum, its lateral parts being removed to fhowthe telles. DD The Ikin and cellular membrane of the abdomen turned down overthe thighs. EE Part of the abdominal mufcles and peritoneum turned down at eachgroin. FF The peritonaeum covering the iliacus internus mufcle of each fide, G The inteftinum reÂ?tum filled with meconium. H The bladder with the umbilical artery on each fide of it, turned a littleforwards over the fymphyfis of the pubes. II The ureters paffing over the iliac vefiels to the pelvis. K The right teftis expofed, as in Fig. II. V. W. XX. Y. L The left teftis inclofed in the procefs of the peritonaeum, See Fig. II. U. M The Tpermatic velfels of the left fide, feen through the peritoneumwhich covers them, in their defcent through the abdominal mufclesat the groin. N The left vas deferens feen through the peritoneum, in its paftage fromthe mouth of the fac to the pofterior part of the bladder. O The mouth or aperture of the procefs of the peritoneum, whereby itsmouth or cavity communicates with the general cavity of the belly.This aperture clofes up, and the membrane becomes fmooth at thisplace, when the f?“tus grows a little older ; unlefs when the gut fallsdown after the teftis, and keeps it open. In that cafe it makes themouth of the hernial fac. P The left epigaftric artery branching upon the infide of

the r?Š?Šlus muf-cle, which is here turned downwards and outwards. This arteryis always fituated, as in this figure, on the infide of the mouth ofthe hernial fac, or paffage of the fpermatic velfels. PLATE IV.
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??? P L A T E IV. Side view of the pelvis of a young ram, to fhow the right tefticle remaining in the cavity of the abdomen, after the left had comedown, but which is removed with that half of the pelvis. The tefticle which lies in the loins is flatter than common, and is onlyattached by one edge, which is principally by the epididymis; there isalfo a ligament paffing from the upper part of the common attachmentwhich binds the tefticle to the pofterior part of the abdominal mufcles;this is analogous to the ligament that attaches the ovarium to the famepart in the female quadruped. The epididymis pafies along the outer or pofterior edge and at thelower part becomes larger and pendulous, making a little twift upon itfelfwhere it becomes vas deferens. The vas deferens is a little contorted, and paffes down obliquely overthe pfoas mufcle to the bladder. From the lower end of the tefticle there is a ridge continued along thepfoas mufcle through the abdominal ring, going on to the fcrotum, whichis moft probably the gubernaculum j but it was fo much covered by a hardfuety fat, that I could not exactly ascertain its ftrufture : at the lowerpart of this ridge, about an inch and half from the ring, I found the ter-mination of the cremafter, which was a tolerable large mufcle ; part ofits fibres feemed to arife in common with the internal oblique; whilethe reft appeared to come from the pfoas and iliacus internus behindit; the outer portion palled inwards and downwards, and fpread upon theforepart of the ridge, or gubernaculum, where the greateft part of itsfibres were loft, and the reft of

them were continued into the back partof it. The pofterior portion got upon the iniide of the ridge and was loftin the fame manner as the former. A The infide of the thigh, only having the outline drawn.JBB The iniide of the abdominal mufcles fpread out,C The fymphyfis of the os pubis. E D The



??? PLATE IV. D The mufcles of the thigh cut through at their origin where they arife from a middle tendon.E The lower end of the right kidney.F G The iliac veffels expofed to {how their fituation.H The remains of the umbilical artery.I The urinary bladder. K The body of the right tefticle5 with the ramifications of the veins upon the furface.L The epididymis.M The vas deferens. 26 N The veficulae, commonly called feminalesÂ? OBSERVATIONS



??? OBSERVATIONS ON THE GLANDS SITUATEDBETWEEN THE RECTUM AND BLADDER,CALLED VESICULiE SEMINALES. f | ^HE bags fituated between the bladder and reftum in the male ofJ. fome animals, which are commonly called veficulas feminales, havebeen confidered as refervoirs for the femen, fecreted by the teft teles in thefame manner as the gall-bladder is fuppofed to be a refervoir for the bile.Phyfiologifts mnft have been led to this opinion from obferving that, inthe human fubjedt their dudts communicate with the vafa deferentiabefore their termination in the urethra, This communication was fup-pofed to allow the femen, when not immediately wanted, to pafs intothefe bags from the vafa deferentia by a fpecies of regurgitation. Butmore accurate obfervations refpe&ing their ftructure and contents in thehuman fubjeil, and on fimilar parts in other animals fuppofed to anfwerthe fame purpofe, joined to the circumftance of their not being found inevery clafs, induced me to conclude that this opinion was erroneousÂ?To throw as much light upon this fubjed: as poffible, I made a numberof experiments, and availed myfelf of every opportunity which offered ofexamining whatever could in any way elucidate the point 5 and from whatI have been able to colled, I think it will appear that they do not fervethe purpofe of refervoirs of the femen. To proceed regularly with my inveftigation, I fhall begin by compa-ring the contents of thefe veficulae with the femen as it is emitted\'fromthe penis of a living man : from which comparifon it appears that thetwo

fecretions are very different in their fenfible properties of colour andfmell; and although the femen which conftitutes the firft part of theemiffion is evidently different from the laft, yet every part of it is unlikÂŽthe mucus found in thefe veficulas. The femen firft difcharged from the living body is of a bluifh whit*colour, in confiftence like cream, and fimilar to what is found in the E 2 vafa



??? vafa deferentia after death: while that which follows is fomewhat likethe common mucus of the nofe, but lefs vifcid. The femen becomesmore fluid upon expofure to the air, particularly that firfl thrown out -rwhich is the very reverfe of what happens to fecretions in general. Thefmell of the femen is maukifh and unpleafant, exa&ly refembling that ofthe farina of the Spanifh chefnut. The tafte is at firft infipid; yet thereis fomewhat of pungency in it, which after fome little time Simulatesand excites a degree of warmth in the mouth. The fluid contained inthefe veficulae, in a dead body, is of a brownifh colour, and often variesin its confidence in different parts of the bag, as if not well mixed. Itsfmell does not refemble that of the femen ; and it does not become morefluid by being expofed to the air. It may however be objected, that the contents of the veficulae are ge-nerally found in a putrirl ftate, and have by that means undergone achange in their fenfible properties. But the objection is readily obviatedby comparing this fluid with that in the vafa deferentia as it comes fromthe tefticles of the fame dead body, between which there appears to beno refemblance. To be ftill more certain of the nature of the contents ofthefe veficulae, than was pofiible from the examination of bodies whichhad 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. Thefluid in the veficulae was of a lighter colour than is ufually found in menwho have been deaH a cunfiderabk, tunc, but it was not by any meanslike the femen either in colour or

fmell. In another man who died in-ftantaneoufly, in confequence of falling a confiderable height, and whofebody I infpe&ed foon after the accident, I found the contents of theveficulae of a lightifh whey colour, having nothing of the fmell of femen;and in fo fluid a ftate as to run out on cutting into them. I have likewife examined with attention a mucus which fome mendifcharge upon {training hard while at ftool, or after throwing out theiaffc drops of urine, an adtion which requires a confiderable exertion of theparts. This difcharge is generally called a feminal weaknefs, and isI believe commonly fuppofed to be the femen" j but in all the cafes ofÂ? Vide Treatife on the Venereal Difeafe, page 197, this



??? this kind in which I have been confulted, it nearly refembled the con-tents of the veficulae in the dead body perhaps not quite of fo deep acolour. I endeavoured in vain to perfuade a gentleman who had thiscomplaint, that the difcharge was not feminalj till by examining hisown femen, and comparing it with that mucus, he was convinced of thedifference. This gentleman had the power of emitting the femen in thefame quantity as ufual, immediately after the mucus had been difcharged,which is a further proof that this fluid is not femen.a In this country eunuchs feldom come under our examination. Wehave fometimes however opportunities of opening the bodies of thofewho have, in confequence of difeafe or accident, loft one or both tefticles ;and fevers! fnhjetEls of this kind I have infpe&ed after death. Perfonswho have only loft one tefticle are more to our prefent purpofe thanthofe who have been deprived of both. For it is to be prefumed thatfuch men have afterwards had connection with women, and confequentlyhad the action of emiffion, which muft have emptied the veficulae of thecaftrated fide, if thefe had contained femen; and as they could not bereplenished, they fhould have been found empty after death. We havealfo in fuch cafes an opportunity of making comparative obfervationsbetween the veficulas of the perfect and thofe of the imperfedt fide. Inthe eunuch fuch emiflions never can happen ? for the tefticks being gone,the natural and leading ftimulus is loft ; therefore if in them the veficulaswere found full after death, it might be fuppofedto be the

femen whichthey had received from the tefticles before caftration, and which hadremained there ever fince. But as caftration is in fuch cafes ufually per-formed on children, this circumftance fhould rather be confidered as aproof that they fecrete their own mucus; yet it is probable they willneither be fo large nor fo full in them as in the perfect man; for I am ofopinion that they are connected with generation * and that if the confti-tution is deprived of that power, they will not grow to the full fize.But where only one tefticle is removed, its lofs does not in the leaft affed: a The difcharge was truly fuppofed to be the contents of the veficulse; and it beingimagined that thofe contained femen, according to this reafoning, the difcharge muft befeminal. generation^



??? generation, therefore does not produce any change in the veficula of thatiide from which the tefticle is taken ; becaufe the veficula does not dependupon the tefticle for its fecretion, but upon the conftitution, and the perfonbeing capable of the adtion of generation, A man who was under my care in St. George\'s Hofpital for a venerealcomplaint, died there, and was difcovered to have loft his right tefticle.From the cicatrix being hardly obfervable, it muft have been removedfome confiderable time before his death; and the complaint for which hewas received into the hofpital is a convincing proof that he had connec-tion 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 foundthat the vas deferens of the right fide was fmaller and firmer in its tex-ture than the other, elpecially at that end next to the abdominal rings,near to the part that had been cut through in the operation. The cel-lular membrane furrounding the dud: on the right fide was not fo loofe ason the left; neither were the veftels which ramified on the right veficulafo full of blood. But upon opening the veliculse, both appeared to befilled with a kind of mucus limilar to that which is found in other deadbodies ; and the veficula of the right fide was rather larger than that onthe left. Whatever therefore may be the real ufe of thefe vefieulse, wehave a proof from this difleAion, that in the human fubjedt they do notcontain the femen. In a man who died in St.

George\'s Hofpital with a very large bubono-cele, the tefticle of that fide was difcovered to have almoft loft its naturaltexture from the prefture of the hernial fac; and upon examining thetefticle with attention, there was no appearance of vas deferens till wecame near the bladder, where it was almoft as large as ufual. The vefi-cula of that fide was found to be as full as the other, and to contain thefame kind of mucus. I extirpated the left tefticle of a Frenchman on account of its beingdifeafed. He was a married man, and died about a year afterwards,having been extremely ill for feveral months before his death. On ex-amining



??? amining the body, the veficulae were both found nearly full; more efpe^cially that of the left fide, which I fuppofe might be accidental. Butupon examining the vas deferens of the left fide, where it lies along thefide of this bag, and where it has a fimilar ftructure with the veficulae,I found it filled with the fame kind of mucus 3 and this I believe isalways the cafe, whether the tefticle has been removed or not. A young man, a coachman, who had a dileafe in his left tefticle, hadit removed, at St. George\'s Hofpital, by Mr. Walker, in Auguft 1785;and in February 1786 he returned again to the hofpital, on account ofuncommon pains all over him, and for which he requeued to be put intothe warm bath. But as he was going from the ward to the bath hedropped down and died almoft immediately. The body was inlpedted,with a view to difcover the caufe of bis death ; and upon an examinationof the veficulae, the bag of the left fide was as full as that on the right;and the contents in both were exactly fimilar. In differing a male-fubjedt, in the year 1755, for a fide view of thecontents of the pelvis, I found a bag on the left fide, lying contiguous tothe peritonaeum, juft on the fide of the pelvis where the internal iliacveffels divide above the angle of reflection of the peritonaeum at the unionof the bladder and redhim. The left vas deferens was feen paffing onto this bag; and what is very fingular, that of the right, or oppofitefide, croffed the bladder near its union with the reftum to join it. Itraced the left vas deferens down to the tefticle j but on following theright through the ring of the

external oblique mufcle, I difcovered thatit terminated at once, about an inch from its paffage out of the abdomen,in a blunt point, which was impervious. On examining the fpermaticchord from this point to the tefticle, I could not find any vas deferens â€?but by beginning at the tefticle, and tracing the epididymis from itsorigin about half way along where it lies upon the body of the tefticle,I found that it at firft became ftraight, and foon after feemed to terminatein a point. The canal at this part was fo large as to allow of beingfilled with quickfilver, which however did not pafs far, fo that a portionof the epididymis was wanting ; and the vas deferens for nearly the whole length



??? length of the fpermatic chord of the right fide.a On the left fide thevas deferens begun where the epididymis commonly terminates ; and therewas a deficiency of nearly an inch of the extremity of the epididymis.b Ithen differed the bag above mentioned, which proved to be the two ve~ficulae j for by blowing air from one vas deferens, I could only inflatehalf of it; and from the other vas deferens, the other half. They con-tained the mucus commonly found in thefe bags $ but upon the rnoftaccurate examination I could difcover no dudt leading from them to theproftate gland, nor any remains of one. In this fubjed: it was evident that there was no communication betweenthe vas deferens and epididymis ; nor between thefe bags and the urethra.The caput gallinaginis had the common appearance but there were noorifices to be feen. The teflicles were very found, and the duds fromthem to the epididymis were very manifeft and full of femen,c a Vide plate I, fig. I. b Vide plate I, fig. 2. c As the femen, in confequence of this preternatural formation of parts, could not beeonveved to the urethra in the ufual way, I conceived it poffible that there might be anotherunnatural conftrucHon to make up for the deficiency in the vas deferens, and therefore exa-mined it very carefully to fee if there were no fupernumerary vafa deferentia. I was led todo this more particularly from often finding parts refembling them where they could anfwerno kind of purpofe. By a fupernumerary vas deferens, I mean a fmall duct which fometimesarifes from the epididymis, and pafles up the fpermatic chord along with the vas

deferens,and commonly terminates in a blind end, near to which it is fometimes a little enlarged. Inever found this duct go on to the urethra; but in fome inftances have feen it accompany thevas deferens as far as the brim of the pelvis. There is no abfolute proof that this is a fuper-numerary vas deferens ; but as we find the ducts of glands in general very iubject to Angu-larities, and that there are frequently fupernumerary duÂ?ts, there being often two ureters toone kidney, fometimes diftinft from beginning to end ; at other times both arifing from onepelvis. Thefe dufts, arifing from the epididymis, I am inclined to believe, from analogy, areof a nature fimilar to the double ureters. They refemble the vas deferens, as being contin-uations of fome of the tubes of the epididymis ; are convoluted where they come off from it;and afterwards become a ftraight canal, pafling along with it for fome way, when they arecommonly obliterated. The idea of their being for the purpofe of returning the fuperfluous femen to the circula-tion is certainly erroneous, from their being fo feldom met with, and fo very feldom continuedfurther than the brim of the pelvis. From



??? From thefe circumftances we have a prefumptive proof, that the femencan be abforbed in the body of the tefticle, and in the epididymis ; andthat the veficulae fecrete a mucus which they are capable of ablbrbingwhen it cannot be made ufe of. We may likewife infer from what hasbeen 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 tothis action : for we find, that if lafcivious ideas are excited in the mind,and the paroxyfm is afterwards prevented from coming on, the tefticlesbecome painful and fwelled from the quantity of femen fecreted and theencreafed adtion of the veffels; which pain and fwelling is removed im-mediately upon the paroxyfm being brought on and the femen evacuated ;but if that does not take pi ace, the adbon of the veftels is ftill kept up,and the pain in the tefticles will in general continue till the paroxyfm andevacuation of the femen is brought on, which renders the adt complete;without which a ftop cannot be put to the adtion of the veffels that pro-duce the fecretion, nor the parts be allowed to fall back into their naturalftate. There is at this time no fenfation of any kind felt in the feat ofthe veficulae feminales. The pain in the tefticles, in confequence of beingfilled with femen and the adtion being incomplete, is fometimes fo con-fiderable as to make it neceffary to produce an evacuation of the femen torelieve the patient. It may be obferved, in fupport of this opinion, that thefe bags are asfull of

mucus in bodies much emaciated, where the perfon has died froma lingering difeafe, as in ftrong robuft bodies where death has happenedfrom violence or acute difeafes; and they are nearly as full in the oldas in the young; which moft probably would not be the cafe if theycontained femen. Thefe fads, taken from the human fubjedt, are, Ithink, fufficient to eftablilh the opinion which I have laid down; butfor the fatisfadHon of others, I Â?hall give fuch fadts and obfervations ashave occurred in my diffeftion of other animals j. confining myfelf tothofe which tend to clear up the point in queition. Thefe veficulae are not fimilar either in fhape or contents in any twogenera of animals which I have diffedted 3 and they differ more in fize, F according



??? according to the bulk of the animal, than any other parts whofe uies Indifferent animals are the fame; while the femen in moft of thofe which Ihave examined may be faid to be fimilar. The analogy which obtains between thefe bags and the gall-bladder,in the human fubjeÂ?t, by no means holds equally good when applied toother animals. In the horfe they are two bags like fmall urinary blad-ders, almoft loofe and pendulous, with a partial coat from the perito-neum, under which there are two layers of mufcular fibres ; they arethicker in their coats at the fundus than any other part, and appear thereto be glandular. Their openings into the urethra are very large; andalthough they open clofe to the vafa deferentia, do not communicatewith them. The feptum between the two dudts is not continued onquite to the urethra, fo that they cannot, in ftrid language, be faid toenter that paffage feparately ; but there is not length of common dudtfufficient to admit of regurgitation from the vafa deferentia into thefe bags.They are not -of the fame ftze in the gelding and in the ftone-horfe, beinglargeft in the laft. Their contents in both are exa&ly fimilar, and nearlyequal in quantity; but in no way refembling the femen emitted by theftone-horfe in the coitus, or what is found in the vas deferens after deathÂ?In the boar thefe bags are extremely large, and divided into cells of aconfiderable fize; or they may more properly be faid to form ramificationsclofely connected with one another, and having a large canal or dudcommon to the whole. The Hu<Â?Ig contain a whitiÂ?h

fluid, very unlikewhat is found in the vafa deferentia of the fame animal, with which theyhave not the leaft communication. In the rat the bags are large and flat, with ferrated edges, and lie fomeway within the abdomen, containing a thick afh coloured mucus, nearlyof the confiftence of foft cheefe, very different from what is found in thevafa deferentia of the fame animal, with which they do not communicate,In the beaver the bags are convoluted; their dudts have no communi-cation with the vafa deferentia j but both the one and the other open ofithe veru montanum. In the Guinea-pig they are compofed of long cylindrical tubes, and liein the cavity of the belly ; are fmooth on their external furface, and do not



??? not communicate with the vafa deferentia. They contain a thick bluifh, tranfparent fubftance which is fofteft near the fundus, and becomes firmertowards the openings into the urethra, where it is as folid as commoncheefe. From this circumftance, and what is obferved in the horfe, the.fundus would appear to be the part which fecretes this fubftance, which,is very different in colour and confidence from the contents of the vafadeferentia, and is often found in broken pieces in the urethra- To be more certain that the fubftance contained in thefe bags was notthe fecretion of the tefticle, I extracted one of the tefticles of a Guinea-pig ; and fix months afterwards gave it the female. As foon as the adionof copulation was over, (in which all the parts containing femen fhouldnaturally have emptied themfelves) I killed the animal, and upon exami-nation found the veficula of the perfe<5t fide, and that of the fide fromwhich the tefticle had been removed, both filled with a fubftance in everyrefped: fimilar. It will fcarcely be alledged that this fubftance had beencontained in the bag before the extirpation of the tefticle; nor could it befemen, which muft have been all thrown out in the previous connexionwith the female. To afcertain that the contents of the veficula: are not difcharged intothe vagina of the female, with the femen in the ad: of emiffion, I killeda female Guinea-pig as foon as the male had left her, and examined withattention what was contained in the vagina and uterus * in neither couldI find any of the mucus of the veficulae, which from its firmnefs mufthave

been eafily deteded. In the hedge-hog thefe bags are very large, being twice the fize ofthe veficula in the human fubjed. Many animals have no fuch bags, and I believe they are wanting inthe greater part of that clafs which live chiefly upon animal food: theyare however to; be found in fome of them; and the hedge-hog is anexample. There is no apparent difference in the tefticles, vafa deferen-tia, or femen of the animals which have veficulae and of thofe whichhave none j and the. mode of copulation, as far as thefe bags can be con-cerned, is very fimilar in both. In



??? In birds, as .far as I have yet obferved, there is nothing analogous tothefe bags ; and yet there appears to be no difference between the modeof copulation of the drake and the bull, or ram ; and it is natural tofuppofe that if the veficulae were refervoirs of femen, they would be moreneceffary in birds; the power of repeating the ad; of copulation being inthem infinitely greater than in quadrupeds : and indeed we find that inbirds there are refervoirs which will account for this power the vafadeferentia being enlarged jufl before they open into the redum, probablyto anfwer that intention. As birds have no urethra, but fimply a groove,as the drake and gander; and many are even without a groove, as thecommon fowl, it was abfolutely neceffary there fhould be fuch a refervoirfomewhere. What I have obferved of the refervoir of birds is equally applicable toamphibious animals and that order of fifh called rays. From the above obfervations I think we may fairly conclude that theleveficulas are not for the purpofe of containing femen ; the fingle circum-fiance of their duds being united to thofe of the teflicles in the humanfubjed not appearing fufficient to fet afide the many fads which are con-tradidory to fuch an opinion. Having endeavoured to fhow that the ufe of thefe veficulas has hithertobeen mifunderftood, the following obfervations will tend to prove thatthey are fubfervient to generation, though their particular ufe is not yetdifcovered -3 and for ihe better underftanding this part of the fubjed Ifhall premife the following fads. Animals have their natural feelings

raifed or increafed in proportion asthe parts conneded with fuch feelings are formed, and are in a flate toad j and the difpofition for adion in thefe parts is alfo in proportion totheir formation and the excitement of fuch feelings. But that thefe feel-ings may be duly excited, it is neceffary that the animal and the partsIhould be healthy, in good condition, and in a certain degree of heatfuitable to that clafs to which the animal belongs. As in moft parts ofthe globe the feafons vary in their temperature 5 the cold in fome ofthem is fo confiderable as to prevent thofe feelings or difpofitions inanimals from taking place; and in many fituations the general influence of



??? of the cold upon them is fo great, as during its continuance to deprivethem of thefe feelings and difpofitions, and to render them, for the time,unfit for the purpofes of generation/ The tefticle becomes at this feafon fmall, a fadt 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 tefti-cle will be found very finally but if that organ is examined at differenttimes in other fparrows, as the warmth of the weather increafes, and ifthis examination is continued to the breeding feafon, the difference inthe fize of the tefticle will be very ftriking.c This circumftance is notpeculiar to birds, but is common, as far as I yet know, to all animalswhich have their fcafons of copulation. In the buck we find the tefticlesare reduced to a very fmall fize in the winter; but in the land-moufe,mole, &c. this diminution is ftill more remarkable. Thofe animals,on the contrary, who are not in a ftate of nature, have no fuch changetake place in their tefticles; and from not being much affected by feafonsare confequently always in good condition, and in that ftate to whichother animals that are left to themfelves can only attain in the warmerfeafon. Therefore in man, who is in the ftate we have defcribed, thetefticles are nearly of the fame fize in winter as in fummer : and nearly,though not exactly, the fame thing may be obferved in the horfe, ram,&c. thefe animals having their feafons in a given degree. The variation above taken notice of is not confined to the tefticles, butalfo extends to the parts

which are connected with them. For in thofeanimals that have their feafons for propagation, the moft diftindtly marked,as the land-moufe, mole, &c. the veficulas are hardly difcernible in thewinter; and in the fpring are very large, varying in fize in a mannerfimilar to the tefticle. It may however be alledged, that the change inthefe bags might naturally be fuppofed to take place, admitting themto be feminal refervoirs : but what happens to the proftate gland, which a It is not required that the feafon for the copulation of different animals fhould be equallywarm ; for the frog copulates in very cold weather, while the fnake and lizard, which arealfo cold, fleeping animals, do not copulate till the feafon is warm. * Vide plate IILfig. 1, c Vide plate III.fig. 5. : has



??? has never been fuppofed to contain femen, will take off the force of thisobjection ; fince in all the animals which have fuch a gland (and whichhave their feafon for propagation) it undergoes a fimilar change. Inthe mole the proftate gland in winter is hardly obfervable, but in thefpring becomes very large and is filled with mucus. From thefe obfervations it is reafonable to infer that the ufe of the veficu-las in the animal ceconomy, muft in common, with many other parts, de-pend upon the tefticles. For the penis, urethra, and all the parts connectedwith them are fo far fubfervient to the tefticles, that I am perfuaded fewof them would have exifted if there had been no tefticles in the originalconftrudtion of the body -y and thefe would have been fo formed as merelyto affift in the expulfion of the urine. To illuftrate this opinion let usobferve what is the difference between thefe parts in the perfect male,and in a male that hue heen deprived of the tefticles when very young, atan age in which they have had no fuch influence upon the animal ceco-nomy as to effedt the growth of the other parts. In the perfect male thepenis is large; the corpora cavernofa* being capable of dilatation.. Thecorpus fpongiofum is very vafcularbj and that part of the canal whichis called the bulb is confiderably enlarged, forming a cavity; the muf-culi acceleratores urine, as they are termed, are ftrong and healthy. Inmany animals which have long penifes, they are continued forwardsto the end of it; and in others they are not extended fo far, but are verylarge. On the contrary, in the caftrated animal

the penis is fmall and notcapable of much dilatation ; the corpus fpongiofum is lefs vafcular; thecavity at the bulb is little larger than the canal of the urethra y and the a The cells of the corpora cavernofa are mufcular, although no fuch appearance is to beobferved in men: for the penis in ere&ion is not at all times equally diftended: the penis ina cold day is not fo large in erection as in a warm one; which probably arifes from a kind offpafm that could not act upon it if it were not mufcular. . In the horfe, the parts compofing the cells of the penis appear evidently mufcular to the eye %and in a horfe juft killed, they contrail upon being ftimulated. â–  k It may not be improper to obferve that the corpus fpongiofum urethrae, and glans penis,are not fpongy or cellular, but made up of a plexus of veins. This ftruÂ?ture is difcernible inthe human fubjeft; but much more diftmctly feen in many animals, as the horfe, &c. mufcles



??? mufcles are white, fmall, and have a ligamentous appearance. The fameobfervations are true if applied to the eredtores penis. The penis of the perfedt male is of a fufficient length, when eredted,to reach to the further end of the vagina of the female. In the caftratedanimal it is much fhorter; and eredtions having then become unneceffary,the parts which fhould projedt, often adhere to the in fide of the prepuce.The eredfcores mufcles in the perfedt male are ftrong enough to fqueeze atonce the blood out of the crura into the body of the penis, fo as toftraiten and contradt the urethra inftantaneoufly, and the acceleratoresurinae1 have fufficient power to throw out the femen that is gradually ac-cumulated at the bulb for ejedtion. The proftate glandb, Cowper\'s glands, and the glands along the urethra,(of which the lacunae are the excretory dudts) in the perfedt male are largeand pulpy, fecreting a confiderable quantity of a flimy mucus, which isfait to the tafte, is moft probably for the purpofe of lubricating thofeparts, and is only thrown out when in vigour for copulation : while inthe caftrated animal they are fmall, flabby, tough and ligamentous, andhave little fecretion. From this account a confiderable difference in ap-pearance is diftinguifhable between the parts connedted with generation ofthe perfedt male, and thofe which remain in one that has been caftrated; 1  I fhall call thefe mufcles, expulfores feminis, as I apprehend their real ufe to be for theexpulfion of that fecretion: thefe mufcles likewife throw out thofe drops of urine which arecollected in the bulb

from the laft contractions of the bladder; and they have been from thiscircumftance named, acceleratores urinae ; but if a receptacle had not been neceflary for thefemen, thofe mufcles had probably never exifted, and the laft drops of urine would have beenthrown out by the action of the bladder and urethra, as in feme meafure is the cafe in thecaftrated animal. That the urethra has the power of contraction is evident upon the applica-tion of any ftimulus ; for I have feen the urethra refufe to allow an injection to pafs on ; andin that part where the injection flopped, a fulnefs was felt which terminated at once : thiscontradlion is moft probably in the internal membrane. k The proftate gland is not common to all animals. It is wanting in the bull, buck, andmoft probably I believe in all ruminating animals. In this clafs the coats of the veficulse aremuch thicker, and more glandular, than in thofe who have proftate glands; it is thereforenatural to fuppofe that the veficulae anfwer nearly the fame purpofes as the proftate gland. The proftate gland, and Cowper\'s glands, as well as the veficulae, are wanting in birds,in the amphibious animals, and in thofe fifh which have tefticles, as all of the ray kind. more



??? PLATE I. SHOWS two tefticles with the fpermatic chords dilTeded; in the onethe vas deferens, in the other a portion of the epididymis, is wanting. Fig. 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 deferens.C The epididymis, where it takes its origin from the body of the tefticle.D The abrupt termination of the epididymis, it not being continuedto the lower end of the tefticle. Fig. 2. The left tefticle.AA The hody of the tcfticle. B The blood-veflels of the tefticle feparated from the vas deferens.C The origin of the epididymis. D The termination of the epididymis j to fhow which the tunica vagi- nales is removed.E The origin of the vas deferens. F The vas deferens, as it paftes up towards the ring of the abdominalmufcles.
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??? THE nine following papers Have been read at the RoyalSociety, and publifhed in the Philofophical Tranfac-tions; but in a work of fo general a nature, and ofwhich physiological inquiries make fo fmall a part, thefew fa&s and obfervations which I have given upon fuchfubjects may probably be overlooked by thofe who arenot members of that fociety. That they may be moreeafily procured by ftudents in medicine, and otherreaders, I have, by an application to the President andCouncil of the Royal Society, obtained leave to reprintfuch of them as I confider to be connected with theprinciples and a&ions of the animal ceconomy ; andI have added fuch obfervations and remarks as have oc-curred to me fince the time they were read before theRoyal Society, ACCOUNT
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??? r 43 ] THE EXPLANATION Op PLATE II. Side view of the pelvis, taken from the fame fubje6t as plate I, in which the vafa deferentia did not communicate with the veficula?;, 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 redtum,F The anus. G The fphinder mufcle of the anus, turnad 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 peritoneum, which lined the left fide of the pelvis.M The facrum, where it is articulated with the os ileum.N The left vas deferens.O The veliculae. PL^TE
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??? ACCOUNT OF THE FREE MARTIN. GENERATION, when produced from a feed, has two caufes-which concur towards its perfection; the one which forms thefeed, the other which gives it the principle of action.3 The caufe which forms the feed is called the female, the other caufeis called the male; but thofe two caufes in general make only a part ofa whole animal, or are rather parts fuperadded to an animal. Probablythey were firft confidered in animals where thofe parts were feparated, orin which the female parts were found complete in one animal and themale in the other ; therefore the terms female and male have been appliedto the whole animal, dividing them into two diftindt fexes, and theparts which formed either the one fex or the other were called- eitherthe female or the male parts of generation 5 but upon a more perfectknowledge of animals, and of thofe parts, they were found in many ofthe inferior tribes to be united in the fame animal, which,, from poUeff-ing both parts, has got the name of hermaphrodite. As both male and female parts are natural to moft animals* as theunion of them in the fame animal is alfo natural to many, and as thefeparation of them in diftindt animals is only a circumftance making no 1 It may be necefiary for fome of my readers to- have explained to. them what I mean by afeed.. I: do fuppofe that the word feed was firft applied to grain, or that which is alwayscalled feed in the vegetable; which feed is the part of that clafs of vegetables in which thematter of the young vegetable exifts, or is formed; The principle of

arrangement in thefarina, or male part,, fitting the feed for action, being at firft not known, a falfe analogybetween the vegetable and animal was eftablifhed, and the. matter, fecreted by the tefteswas called the feed : but from the knowledge of the diftindt fexes in the vegetable, it iswell: known th?vt the feed is the female production in them, and that the principle of arrange-ment for action is from the male. The fame operation and principles takes place in manyorders of animals, viz. the female produces a feed in which is the matter fitted for the firftarrangement of " the organs of the animal, and which receives the principle of- arrangementfitting them for action from the male,. effentia.1



??? effential difference in the parts themfelves, it becomes no great effort oruncommon play in nature to unite them in thofe animals in which theyare commonly feparated. And accordingly we find many of thofe orders of animals, which natu-rally have them feparate, have them fometimes united. From this account hermaphrodites may be divined into two kinds, thenatural and the unnatural. The natural hermaphrodite belongs to the inferior and more limplegenera of animals, of which there are a much greater number than ofthe more perfect but as animals become more complicated, have moreparts, and each part is more confined to its particular ufe, a feparation ofthe two neceffary powers for generation have alfo taken place. The unnatural hermaphrodite, I believe, now and then occurs inevery tribe of animals having diftinft fexes, and is to be met with in all itsgradations, from the diftinft fex to the complete union of the male andfemale organs, but is more common in fome than in others." I fancy itis moft rarely to be met with in the human fpecies, never having feenan inftance. I can fay the fame of dogs and cats, with which laflhowever I am lefs acquainted; but in the horfe, afs, fheep, and blackcattle, it is very frequent. There is one part common to both the male and female organs ofgeneration in all animals which have the fexes diftind:; in the one fexit is called the penis, in the other the clitoris; its fpecific ufe in both isto continue, by its fenfibility, the action excited in coition till the pa-roxyfm alters the fenfation. In the female it probably

anfwers no otherpurpofe; but in the male it is more complicated to adapt it for thepurpofe of expelling and conducting the femen that has been fecreted inconfequence of the a&ions fo excited. Though the unnatural hermaphrodite be a mixture of both fexes, andmay poffefs the parts peculiar to each in perfection, yet it can not poflefsin perfection that part which is common to both. For as this common a Quere: Is there ever in the genera of animals, that are natural hermaphrodites, a repa-ration of the two parts forming diftinct fexes ? If there is, it may account for the diftin&ion offexes ever having happened. part



??? part is different in one fex from what it is in the other, and it is impofliblefor one animal to have both a penis and clitoris; the part which they havemult of courfe partake of both fexes, and confequentlv render the herma-phrodite fo far imperfect But thofe parts which are peculiar to each fex,may be perfectly joined in the fame animal, which will come up tothe idea of the trueft hermaphrodite; although it may not be necefiarythat the parts peculiar to the one fex fhould be blended with thofe of theother, in the fame way that the penis is with the clitoris ; yet this fome-times happens in parts whofe ufes are equally fimilar, as the tefticle andovarium, forming one body with the properties of neither; which as itapproaches nearer to the tefticle or ovarium, will make the animal partakemore of the one fex than the other; and fome of them, from the famenefsof their fituation in the two fexes, in many animals may interfere with oneanother. The parts in the female appropriated for the purpofe of fupplying theyoung with nourilhment are varioufly placed in different animals. In thehorfe, black cattle, fheep, and other granivorous animals, their fituationis between the hind legs, which is alfo the place allotted for the tefticlesof the male of this tribe; (and probably of all thofe in which they comeout of the cavity of the belly) therefore in the hermaphrodite which hasboth thefe parts, the tefticles are in fome degree obliged to come downinto the udder, which does not receive them fo readily as the fcrotum. The hermaphrodites, which I have feen, have always appeared

externally,,and, at firft view, to be females : this arifes from the penis being the partprincipally deficient, and there being an opening behind like the bearingin the female; and as the tefticles in fuch hermaphrodites feldom comedown, the udder is left to occupy its proper place. In thofe animalswhere the female is preferved for breeding only, as in fheep, goats, pigs,.6cc. they are generally kept, from their being fuppofed to be females. Among horfes they are very frequent:. I have feen feveral, but neverdiffedled any. The moft complete was one in which the tefticles had:come down out of the abdomen into the place where the udder fhould.have been,, (viz. more forward than the fcrotum) and had the appearanceÂŠf an. udder, not being fo pendulous as the fcrotum in the perfect male of fuch



??? fuck animals. There were alfo two nipples, of which the male have noperfect form, being blended in them with the fheath or prepuce, of whichthere was none here. The external female parts were exactly fimilar tothofe of the perfect female ; but inftead of a common-fized clitoris, therewas one about five or fix inches long, which, when ereft, Hood almoftdirectly backwards. I procured a foal afs, very fimilar in external appearance to the horfe,and killed it, to examine the parts. It had two nipples, but the tefticleswere not come down as in the above; owing perhaps to the animal\'sbeing yet too young. There was no penis palling round the pubis to the belly as in the per-fect male afs. The external female parts were fimilar to thofe of the fhe-afs. Withinthe entrance of the vagina was placed the clitoris, but much longer thanthat of a true female, its length being about five inches. The vaginawas pervious a little further than the opening of the urethra into it, andthere it was obliterated 3 from thence up to the fundus of the uterusthere was no canal. The common uterus was hollow at the fundus,or had a cavity in it, and then divided into two horns, which were alfopervious. Beyond the termination of the two horns were placed theovaria 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 uterusand ovaria were attached, there palled towards each groin a part fimilarto the round ligament in the female, which were continued into therings of the abdominal mufcles ; but with

this difference, that there wascontinued with them a procefs or theca of the peritoneum, fimilar to thetunica vaginalis communis in the male afs, and in thele thecae were foundthe tefticles; but I could not obferve any vafa deferentia pafiing fromthem. Here then were found in the fame animal the parts peculiar to each fex(although very imperfect) and that part which is common to both, butdifferent in each, was a kind of medium of that difference. Something fimilar to the above I have feen in fheep, goats, &c. but Iihall not at prefent trouble the reader with a defcription of hermaphro-dites



??? OF THE FREE MARTIN. 49 dites in general, as it is a very extenfive fubjeCt, admitting of great variety,which would make them appear a production of chance, whereas theintention of this account is to point out a circumftance which takes placein the production of hermaphrodites in black cattle, which appearsto be almoft an eftablifhed principle in the oeconomy of propagation ofthat fpecies of animal, and perhaps peculiar to them. It is a fad: known, and I believe almoft univerfally underftood, thatwhen a cow brings forth two calves, and one of them a bull-calf, andthe other to appearance a cow, that the cow-calf is unfit for propagation;but the bull-calf becomes a very proper bull. This cow-calf is called inthis Country a free martin ; and is juft as well known among the farmersas either cow or bull. Although it will appear from the defcription ofthis animal, that it is an hermaphrodite, being in no refpeCt differentfrom other hermaphrodites, yet I fhall retain the term free martin, todiftinguifh the hermaphrodite produced in this way, from thofe whichrefemblc the hermaphrodite of other animals : for I have reafon to believethat in black cattle, fuch a deviation may be produced without the cir-cumftance of twins ana even1 when there are twins, the one a male theother a female, they may both have the organs of generation perfectlyformed. But when I fpeak of thofe which are not twins, I fhall call themhermaphrodites j the only circumftance worth our notice being a Angu-larity in the mode of production of the free martin, and its being, as faras I yet know, peculiar to

black cattle. This calf has all the external marks of a cow-calf fimilar to what wasmentioned in the unnatural hermaphrodite, viz. the teats and the externalfemale parts, called\'by farmers the bearing. When they are prelerved it is not for propagation, but for all the pur-pofes of an ox or ipayed heifer, viz. to yoke with the oxen, and to fattenfor the table.a They are known not to breed : they do not fhow the leaft inclinationfor the bull, nor does the bull ever take the leaft notice of them.h i -3 I need hardly ohferve here, that if a cow has twins, and they are both bull-calves, thatthey are in every refpect perfect bulls; or if they are both cow-calves, they are perfect cows.h Vide Lellie on Hufbandry, p. 98, 99. H They



??? They very much referable in form the ox or fpayed heifer, being con-fiderably larger than either the bull or the cow, the horns being veryfimilar to the horns of an ox. The bellow of the free martin is fimilar to that of an ox, having morerefemblance to that of the cow than of the bull. Free martins are veryfufceptible of growing fat with good food. The flefh, like that of thepx or fpayed heifer, is in common much finer in the fibre than either thebull or cow; and is fuppofed to exceed that of the ox and heifer in delicacyof flavour, and bears a higher price at market, However, it feems that this is not univerfal; for I was lately informedby Charles Palmer, Elq. of Luckley in Berkfhire, that there was a freemartin killed in his neighbourhood, and from the general idea of its beingbetter meat than common, every neighbour befpoke a piece, whichturned out nearly as bad as bull-beef, at leaft v/orfe than that of a cow.It is probable that circumftance might arife from this animal having morethe properties of the bull than the cow, as we fhall fee hereafter thatthey are fometimes more the one than the other.a Although what I havefaid with relpeCt to the productions of free martins is in general true, yetI was lately furnifhed with an inftance, by the afliftance of BenjaminWay, Efq. of Denham, near Uxbridge, who knew that I was anxiousto afcertain this point, that it does not invariably hold good. One of his cows having produced twins, which were to appearancemale and female, upon a fuppofition that the cow-calf was a free martin,he obligingly offered either to

give it me, or to keep it till it grew up,that we might determine the faCt: as I conceived it to be a free martin,and was to have the liberty of examining it after death, I defired that hewould keep it; but unfortunately it died about a month old. Uponexamining the organs of generation, they appeared to be thofe of the a The Romans called the bull taurus : they however talked of taurse in the feminine gender.And Stephen obferves, that it was thought the Romans meant by taurae, barren cows, andcalled them by this name becaufe they did not conceive. He alfo quotes a paflage from Co-lumella, lib. vi. cap. 22. " and like the taurse, which occupy the place of fertile cows, fhouldbe rejeÂ?ted, or fent away." He likewife quotes Varro, De re Ruftica, lib. ii. cap. 5. " Thecow which is barren, is called taura." From which we may reafonably conjecture that theRomans had not the idea of the circumftances of their production. female,,



??? female, and perfectly formed; but to make this more certain, I procuredthofe parts of a common cow-calf, and compared them together, andfound them exa&ly alike. This made us regret that the animal had notlived long enough for us to fee if it would breed ; for. the conftrudtion ofthe parts being to appearance perfect, is not fufficient of itfelf to ftamp ita true or perfedt female ; for I can fuppofe that the parts being perfectlyformed, but without the power of propagation, may conftitute the moftlimple kind of hermaphrodite. It is however moft probable that this was.a perfect female, which is an exception to the common rule; and if thereare fuch deviations as twins being perfedt male and female, why not fup-pofe, on the other hand, that an hermaphrodite may be produced fingly,as in other animals ; and I am the more inclined to this opinion, fromfinding a number of hermaphrodites among black cattle, without the cir-cumstances of their birth being afcertained. Hermaphrodites are to be met with in (heep; but from the accountgiven of them, I Ihould fuppofe that they are not free martins. I havefeen feveral of them which appeared to be imperfect males, having thepenis terminating in the perinaeum ; the orifice of which appeared likethe bearing in the female. They are not naturally ftimulated to putthemfelves in the pofition of the female when they void their water, fothat when they pafs it they wet all the furrounding parts, which beingcovered with wool, retains the urine, keeps them continually wet, andgives them a ftrong fmell. They are mentioned as

both male and female-,which is not reconcileable to the account given of the free martin . I believe it had never been even conjectured, notwithftanding all thofepeculiarities, what was the true nature of the free martin. From the Angularity of the animal, and the account of its production,I was almoft ready to fuppofe the whole a vulgar error; yet from theuniverfality of the teftimony in its favour, it appeared to have fome foun-dation ; and therefore I eagerly fought for an opportunity to fee and examine,one. Since when I have fucceeded in this inquiry, and have feen feveral;the firft of which was one belonging to John Arbu thnot, Efq. of Mitcham,which was calved in his own farm. He was fo obliging as to allow meto fatisfy myfelf, by permitting me firft to have a drawing made of the H 2 animal



??? animal while alive, which was executed by Mr. Gilpin ; and after deathto examine the parts. When the drawing was made of Mr. Arbuthnot\'sfree 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 which was a bull-calf and the other a cow-calf. I defired Mr.Arbuthnot to fpeak to Mr. Wells to keep them, or let me buy them ofhim ; but from his great defire for natural knowledge he very readilypreferved both till the bull ihewed all the figns of a good bull; and whenthe free martin was killed he allowed me to infped the parts. Of all the free martins which I have differed, I fhall only give thedefcriptions of three, which point out mofl diftin&ly the complete freemartin, with the gradations towards the male and female. THE DESCRIPTION OF THE THREE FREE MARTINS\'. Mr. Arbuthnot\'s free martin.51 i The external parts were rather fmaller than in the cow. The vaginapalfed on, as in the cow, to the opening of the urethra, and then itbegan to contract into a fmall canal, which paffed on to the divifionof the uterus into the two horns, each horn paffed along the edge of thebroad ligament laterally towards the ovaria. At the termination of thofe horns were placed both the ovaria and thetefticles; both were nearly of the fame iize, which was about as large a$a fmall nutmeg. To the ovaria I could not find any Fallopian tube. To the tefticles were vafa deferentia, but they were imperfect. Theleft one did not come near the tefticle; the right only came clofe to it,but did

not terminate in a body called the epididymis. They were bothpervious, and opened into the vagina near the opening of the urethra. a This animal was feven years old, had been often yoked with the oxen; at other timeswent with the cows and bull, but never (hewed any defires for either the one or the other.



??? On the pofterior furface of the bladder, or between the uterus andbladder, were the two bags called veficulas feminales in the male, but-much fmaller than what they are in the bull : the duds opened alongwith the vafa deferentia. This was more deferving the name of herma-phrodite than the two following ; for it had a mixture of all the parts,although all were imperfed. Mr. Wright\'s free martin, five years old. This animal had more the appearance and general charader of theox, or fpayed heifer, than either the bull or cow. The vagina termi-nated in a blind end, a little way beyond the opening of the urethra,from which the vagina and uterus were impervious. The uterus at itsextreme part divided into two horns. At the termination of the horns wereplaced the tefticles inftead of the ovaria, as is the cafe in the female. Thereafons why I call thofe bodies tefticles, are the following. Fir ft, theywere more than twenty times larger than the ovaria of the cow, and nearlythe fize of the tefticles of the bull, particularly thofe of the ridgill, orbull whofe tefticles never come down. Secondly, the fpermatic. arterieswere fimilar to thofe of the bull, efpecially of the ridgill. Thirdly, thecremafter mufcle paffed up from the rings of the abdominal mufcles tothe tefticles, as it does in the ridgill/ There were the two bags placed behind the bladder, "between it andthe uterus. Their duds opened into the vagina, a very little way beyondthe opening of the urethra but there was nothing fimilar to the vafadeferentia. 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 a Although I call thefe bodies tefticles for the reafon given, yet they were only imitationsof fuch j for when cut into they had nothing of the ftruiture of the tefticle : not being fimilarto any thing in nature, they had more the appearance of d-feafe. From the feeming imperfec-tion of the animal itfelf, it was not to be fuppofed that they fhould be "tefticles, for then theanimal fhould have partaken of the bull, which it certainly did not, cow;



??? cow not at all in a middle ftate between the penis of the bull and theclitoris of the cow, as I have defcribed in the hermaphrodite horfe. Therewere 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 ofboth fexes, for the clitoris had nothing fimilar to the penis in the male,and was different in the cow part, in having nothing fimilar to the ovaria ;nor was the uterus a cavity. Mr. Well\'s free martin. This animal was never feen to fhow any figns of a defire for themale, although it went conftantly with one. It looked more like anheifer than what they commonly do; but as it was only between threeand four years old when killed, it is very probable that it was not fuffi-ciently old to have taken the characters of the ox ; however this may beowing to another circumftance that will be mentioned hereafter. The teats and udder were fmall compared with thofe of an heifer,but rather larger than in either of the former; the beginning of thevagina was fimilar to that of the cow, but foon obliterated beyond theopening of the urethra, as in the laft defcribed. The vagina and uterusto external appearance was continued, although not pervious j and theuterine part divided into two horns, at the end of which were the ovaria. I could not obferve in this any other body which I could fuppofe tobe the tefticle. There was on the fide of the uterus an interrupted vas deferens brokenoff in feveral places. Behind the bladder, or between it and the vagina, were the bags calledveficulse feminales; between which were the

terminations of the two vafadeferentia. The dudts of the bags and the vafa deferentia opened as in the former. This could not be called an exadt mixture of all the parts of both fexes,for here was no appearance of tefticles. The



??? The female parts were imperfect, and there was the addition of partof the vafa deferentia, and the bags called veficulae feminales. This circumftance of having no tefticles, perhaps was the reafon whyit had more the external appearance of an heifer than what they com-monly have, and more than either of the two former,
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??? HIS plate fliows the organs of generation of Mr. Arbuthnot\'s free martin, which are almoft a complete mixture of the male andfemale; with this ftrudiure of the parts the external appearances and ge-neral character of the animal correfponded, it being neither that of thebull nor cow, but a mixt character. A The peak of the labia.B B The two labia.C The glans clitoridis.D D The infide of the common vagina,E E Orifices of the dudts of two glands.F The orifice of the meatus urinarius.G G The true vagina. H H Either the contracted vagina, or what may be called uterus,I I 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 b riffle introduced through the orifice into the capfula,N The right tefticle.OOOO The right vas deferens.P P The veficulae feminales. QQJThe duds of veficulae feminales feen through the vagina.R Points to the openings of the vafa deferentia and veficulae feminales. I PLATE
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??? THIS plate reprefents the organs of generation of Mr. Wright\'s freemartin, which are more the parts of a bull than thofe of a cow ;and the animal while alive had a good deal the character and look of anox. A The peak of the labia.B B The labia.C The glans clitoridis. D D D D The inner furface of the common vagina.E E The orifices of the dudts of two glandsF Meatus urinarius. G G The inner furface of the true vagina, terminating in a blind endat H. H The termination of the vagina in a blind end.1111 What may be called uterus, but impervious.KK What may be called horns of the uterus.L L The tefticles.M M The fpermatic veffels.N N The cremafter mufcles.O O The veliculas feminales. P P The dudts of the veficulae feminales feen through the vagina.Q^Points to the dudts of ditto, into which are introduced briftles,
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??? c 6x ] 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 abull, and the animal itfelf refembled a young heifer very much in itsappearance. 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 Th?Š horns of ditto, which are alfo impervious.G The left ovarium deprived of its capfula.H The right capfula incloiing its ovarium.1111 Interrupted parts of the vafa deferentia.K K The fpermatic veflels.L The gubernaculum of the right lide. M The beginning of the tunica vaginalis communis, into which is in-troduced a brittle to {how that it is hollow.n -n veffels going behind the bladder,O O The two ureters.p p The veficulae feminales. account
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??? ACCOUNT OF AN EXTRAORDINARY PHEASANT. EVERY deviation from that original form and ftrudture which givesthe diflinguifhing character to the productions of nature, may notimproperly be called monftrous. According to this acceptation of theterm, the variety of monfters will be found to be infinite. As far as myknowledge has extended, there is not a fpecies of animals, nay there isnot a fingle part of an animal body which is not fubjed: to extraordinaryformation. Nor does this appear to be a matter of mere chance ; for itmay be obferved, that every one has a difpofition to deviate from naturein a manner peculiar to itfelf. It is likewife worthy of remark, thateach Species of animals is difpofed to have fupernumerary parts of thefame kinds, and nearly the fame fort of defe&s; but every part is notperhaps fubjedt to a great variety of forms, each part of each fpecieshaving its monftrous form, as it were, originally imprefled on it by thehand of nature. It is well known, that there are many orders of animals which havethe two parts defigned for the purpofe of generation different in the famefpecies, by which they are diftinguifhed into male and female: but thisis not the only mark of diftindtion in many genera of animals in thegreateft part the male being diftinguifhed from the female by variousmarks. The differences which are found in the parts of generation them-felves, I fhall call the fir ft, or principle; and all others depending uponthefe I fhall call fecondary. The firft belong equally to both; but thefecondary will be found principally, although not entirely, in the

male. One of the moft general marks is the fuperior ftrength of make inthe male; and another circumftance, perhaps equally fo, is this ftrengthbeing directed to One part more than to another, which part is that moftimmediately employed in fighting. This difference in external form ismore particularly ftriking in the animals whofe females are of a peaceable nature;



??? nature j fuch are the greateft number of thofe which feed onvegetables, andthe marks to difcriminate the fexes are in them very numerous. As themales of almoft every clafs of animals are probably difpofed to fight, theyare, as I have obferved, ftronger than the females. In many there areparts folely deftined for that purpofe, as the fpurs in the cock, and thehorns in the bull; on which account the strength of the bull lies prin-cipally in his neck, that of the cock in his limbs. In carnivorous animals, whofe prey is often of a kind which it requiresftrength to kill, we do not find fuch a difference in the form of the maleand female ; very little being difcernable in that of the dog and bitch -yin the he or fhe cat ; or in the cock and hen of the eagle 5 a differencehowever is often perceivable in the whole or in fome part of their exter-nal covering ; the mane of the lion, for inftance, diftinguifhing him fromthe lionefs : and the males of fuch animals as neither fight nor feed onflefh, are diflinguifhable from the female merely by fome peculiarity inthe covering of their bodies, as the cock and hen in many birds. Themale of the human fpecies is difKnguiÂ?hcd from the female, both by hisgeneral ftrength and his covering, as alfo by a difference of voice. In thofe orders of animals where the fexes are diftindt, we may not onlyobferve the genital organs to be fubjeÂ?t to a mal-conformation, fimilar toa mal-conformation in any other part of the animal; but that an attemptis fometimes made to unite the two parts in one animal body, producingan animal called an

unnatural hermaphrodite. It is my intention at prefent to extend my inquiry on this fubied; nofurther than to what relates to the refemblance which one fex bears toanother in thofe diftinguifhing properties which I term fecondary. The unnatural hermaphrodites appear to be governed by the fame cer-tain laws by which fuch extraordinary formation of parts is effected ; forit is obfervable, that thefe deviations obtain through a whole fpecies ofanimals precifely in the fame manner. I have already given an accountof the .free martin, which exhibits a mixture of the two parts of genera-tion in the fame animal. We find however, that there is often a change of the fecondary pro-perties of one fex into thofe of another -3 the female in fuch refpe&s now and



??? and then aftuming the peculiarities of the male; and it may be obferved,that fome claffes are more liable than others to this change } a fmgularexample of which is to be the fubjedt of the following pages. I here beg leave to premife, that in animals juft born, or very young,there are no peculiarities of fhape to diftinguifh one fex from the other,exclufive of what relates to the organs of generation, and that towardsthe age of maturity the difcriminating changes before mentioned appear 3the male then lofmg that refemblance he had to the female in variousfecondary properties/ But that in all animals which are not of any diftind:fex, called hermaphrodites, there is no fuch alteration taking place intheir form when they arrive at the age of maturity. It is evidently themale which at this time in fuch refpefts recedes from the female. Everyfemale being at the age of maturity more like the young of the famefpecies than the male is obferved to be and if the male is deprived ofhis teftes when young, he retains more of the original youthful form, andis therefore more fimilar to the female. From hence it might be fuppofed, that the female character containsmore truly the fpecific properties of the animal than the male j but thecharadter of every animal is that which is marked by the properties com-mon to both fexes, which are found in a natural hermaphrodite, as afnail, or an animal of neither fex, as the caftrated male or fpayed female. But where the fexes are feparate, and the animals have two characters,neither of them can be called the true one ; the

true diftinguifhing pro-perties being thofe peculiar to neither fex, as above mentioned, whichare like wife found in the monftrous hermaphrodite. That thefe propertiesgive the diftinÂ?t character of fuch animals is evident, for the caftratedmale and the fpayed female have both the fame common properties ; andwhen I treated of the free martin, which is a monftrous hermaphrodite,I obferved that it was more like the ox than the cow or bull, fo that themarks charadteriftic of the fpecies which are found in the animal of a a This is not common to all animals of diftinft fexes ; for in the fifh there is no great dif-ference, nor in many infects, nor in dogs, as has been already obferved ; however, it is con-fiderable in many quadrupeds, but appears to be moft fo in birds. K \' double



??? double fex, are imitated by depriving the individual animal of its fex byart, by which means it only preferves the true properties of the fpecies. In fome animals which have the fecondary properties we have men-tioned peculiar to the two fexes, there is a deviation from all thofe ge-neral rules, by a change of thefe fecondary characters; the female perfedtwith refpedt to the parts of generation, affuming more or lefs of the fe-condary character of the male. This however does not appear to arife from any action which takesplace at the firft formation of the animal, or grows up with it, but feemsto be one of thofe which is produced at certain periods of life, fimilar tomany common and natural phenomena ; like to what is obferved of thehorns of the flag, which differ at different ages ; or to the mane of thelion, which does not grow till after his fifth year, &c. This change has been obferved in fome of the bird tribe, but principallyin the common pheafant. It is remarked by thofe who are converfant with this bird, when wild,that there appears every now and then a hen pheafant with the feathersof the cock ; and all that they have decided on the fubjedt is, that thisanimal does not breed; and that its fpurs do not grow. Some years agoone of thefe was fent to the late Dr. William Hunter, which I examinedand found it to have all the parts of the female peculiar to that bird.This fpecimen is ftill preferved in Dr. Hunter\'s mufeum. Dr. Pitcairn having received a pheafant of this kind from Sir ThomasHarris, fhowed it as a curiolity to Sir Jofeph Banks

and Dr. Solander.I happened to be then prefent, and was deiired to examine the bird.The following was the refult of my examination. I found the parts of generation to be truly female: they were as perfectas in any hen pheafant that is not in the leafl prepared for laying eggs.There were both the ovaria and ovidudfc. As the obfervations hitherto made have been principally upon birdsfound wild, little of their hiftory can be known ; but from what tookplace in a hen pheafant in the poffeffion of a friend of Sir Jofeph Banks,it ihould feem probable that this character arifes from a change at a lateperiod of the animal\'s life, and does not grow up with it from the be-ginning



??? ginning. This lady had for fome time bred pheafants, and paid parti-cular attention to them. One of the hens, after having produced feveralbroods, moulted, and the fucceeding feathers were thofe of a cock. Thisanimal was never afterwards impregnated. Hence it is moft probable,that all thofe hen pheafants which are found wild, and have the feathersof a cock, were formerly perfect hens, but have become changed by age,and perhaps by certain conftitutional circumftances, I having bought fome pheafants from a dealer in birds, among whichwere feveral hens, perceived that one of the hens, the year after, did notlay, and began to change her feathers the year following fhe had nearlythofe of the cock, but lefs brilliant, efpecially on the head. It is morethan probable this was an old hen, nearly under fimilar circumftances tothofe before defcribed. Lady Tynte had a favourite pyed pea-hen which had produced chickenseight feveral times having moulted when about eleven years old, thelady and family were aftonifhed by her difplaying the feathers peculiar tothe other fex, and appearing like a pyed peacock. In this procefs thetail, which became like that of a cock, appeared firft after moulting.In the following year fhe moulted again, and produced fimilar feathers,In the third year fhe did the fame; then had fpurs refembling thofe ofa cock. She never bred after this change in her plumage, and died inthe following winter during the hard froft, namely, in the winter 1775-6.This bird is now preferved in the mufeum of Sir Afhton Lever.1 From what

has been related of thefe three birds, may it not reafonablybe inferred, that all thofe wild pheafants of the female fex, which arefound refembling the cock, have changed the nature of their feathers ata certain age P This not only obtains in the birds above mentioned,but perhaps to a certain degree in every clafs of animals. We find fome- 1  It might be fuppofed, that this bird was really a cock which had been changed for ahen ; but the following facts put this matter beyond a donbt. Firft, there was no otherpyed pea-fowl in the country. Secondly, the hen had knobs on her toes, which were thefame after her change. Thirdly, fhe was as fmall after the change as before, therefore toofmali for a cock. Fourthly, fhe was a favourite bird, and was generally fed by the lady, andufed to come for her food, which ihe ftill continued to do after the change in the feathers. K 2 thing



??? thing fimilar taking place even in the human fpecies : for that increafe ofhair obfervable on the faces of many women in advanced life, is anapproach towards the beard, which is one of the moft diftinguifhingfecondary properties of man. Thus we fee the fexes which at an early period had little to diftinguifhthem from each other, acquiring about the time of puberty fecondaryproperties, which clearly charadterife the male and female. The maleat this time recedes from the female, and a flumes the fecondary proper-ties of his fex. The female, at a much later time of life, when the powers of pro-pagation ceafe, lofes many of her peculiar properties; and may be faid,except from mere ftrudture of parts, to be of no fex; and even recedesfrom the original character of the animal, approaching in appearancetowards the male, or perhaps more properly towards the hermaphroditeÂ? ACCOUNT



??? account of the organ of hearing in FISHES. N\'ATURAL hiftory has ever been confidered as worthy the attention _ of the curious philofopher, and therefore has in all ages kept pace with the other branches of knowledge; and as both arts and fciences haveof late years been cultivated to a degree perhaps beyond what was everknown before, we find alfo that natural hiftory has not been neglected;all Europe appears to be awake to it. In this ifland it has been purfuedwith more philofophic ardour than what was ever known in any country.It has become the ftudy of men poffeffcd of affluent fortune, which theyhave not only dedicated to the cultivation of this fcience, but have evenrifked their health and lives in purfuit of it, fearching unknown regionsto improve mankind, fettling correfpondences every where, fo as to bringin its materials into this country in order to make it the fchool of naturalhiftory. It is no wonder then that a fpirit of inquiry is diffufed throughalmoft 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 beinformed of what is already known. Thefe refle&ions induced me to publifh this fhort account of the Organof Hearing in Fifhes; for though the exiftence of fuch an organ is nowmore known, it is ftill a fubjeÂ?t of difpute with many, whether they pof~fefs that fenfe or not. Some time before I quitted my anatomical purfuits in the year 1760,and went with the army to Bellifle, I had obferved this organ in fifhes,and had the parts expofed and preferved in

fpirits. In fome the canalswere filled with coloured injection, which fhowed them to great advantage;and in others were fo prepared as to fit them to be kept as dried prepara-tions/ My refearches, in that and in every other part of the animal 3 I have injefted thefe parts in other animals, both with wax and metals, and the bonebeing afterwards corroded in fpirit of fea-falt makes elegant cafts of thefe canals.. ceconomv.



??? ceconomy, have been continued ever lince that time; yet I am Hill in-clined to conlider whatever is uncommon in the ftrudture of thefe partsin fifhes, as only a link in the chain of varieties difplayed in the forma-tion of this organ of fenfe, in different animals, defcending from the moftperfect to the moft imperfect, in a regular progrefiion.* As in this age of invefb\'gation, a hint that fuch an organ exifted wouldbe fufficient to excite a fpirit of conjecture or inquiry, I was awarethat there would not be wanting fome men, who, whether they onlyimagined the fad: to be true, or really found it to be fo, would be veryready to believe the difcovery their own, and to a flu me all the merit ofit to themfelves. My attention was more ftrongly recalled to this point,by hearing in converfation that fome anatomifts in France, Germany,and Italy, had difcovered the organ of hearing in fifhes, and intended topublifli on the fubjed. I therefore conceived that it would be only juffciceto myfelf to deliver a fhort account of that organ to the Royal Society, ofwhich I had made a difcovery more than twenty years before. I havethought it propei; to reprint it here, without adding any thing to what Ihad before written on the fubjed j referving a more compleat inveftigationof this part of natural hiftory for a larger work on the the ftrudure ofanimals, which I one day hope to have it in my power to publifli. I do not intend to give a full account of this organ in any one fifh,or of the varieties in different fifhes, but only of the organ in general;thofe therefore who may chufe to purfue this branch of the animal

(Eco-nomy may think it deficient in the defcriptive parts. If it was a difficulttafk to expofe this organ in fifhes, I fhould perhaps be led to be morefull in my defcription of it; but there is in fad: nothing more eafy. I may be allowed juft to obferve here, that the clafs called fepia hasthe organ of hearing, but fomewhat differently conftruded from what itis in fifhes. a The preparations to illuftrate thefe facts have been ever fince fhewn in my collection toboth the curious of this country and foreigners : in (hewing whatever was new, or fup-pofed to be new, the ears of fifhes were always confidered by me as one important article. The



??? The organ of hearing in fillies is placed on the fides of the fkull,or cavity which contains the brain ; but the fkull makes no part ofthe organ, as it does in the quadruped and the bird, the organ itfelfbeing a diflindt and detached part. In fome fifhes the organ is whollyfiirrounded by the parts compofing the cavity of the fkull, as in the raykind. In others this organ is in part within the fkull, or that cavity whichcontains the brain, as in the falmon, cod, &c. the fkull projecting late-rally, and forming a cavity. The organ of hearing in fifhes appears to increafe with the animal,for it is nearly in the fame proportion with that of the animal; which isnot the cafe with the quadruped, the organs being in them nearly as large in the growing fcetus as in the adult. It is much more fimple in fifhes than in all thofe orders of animalswhich may be reckoned fuperior, fuch as quadrupeds, birds, and amphi-bious animals ; but there is a regular gradation from the firft of thefe tofifhes. It varies in different orders of fifhes; but in all it confifls of threecurved tubes which unite with one another; this union forms in fomeonly one canal, as in the cod, falmon, ling, &c. and in others a prettylarge cavity, as in the ray kind. In the jack there is an oblong bag,or blind procefs, which is an addition to thofe canals, and which com-municates with them at their union. In the cod, &c. this union of thethree tubes flands upon an oval cavity, and in the jack there are two; theadditional cavities in thefe fifhes appear to anfwer the fame purpofe withthe cavity in the ray or cartilaginous fifhes, which is

the union of thethree canals. The whole organ is compofed of a kind of cartilaginous fubftance,very hard or firm in fome parts, and which in fome fifhes is crufted overwith a thin bony lamella, fo as not to allow it to collapfe; for as thefkull does not form any part of thofe canals or cavities, they muft becompofed of a fubftance capable of keeping its form. Each



??? Each tube defcribes more than a femi-circle. This refembles in fomerefped what we find in moft other animals, but differs in the parts beingdiftindt from the fkull.a Two of the femi-circular canals are fimilar to one another, may becalled a pair, and are placed perpendicularly ; the third is not fo long ;in fome it is placed horizontally, uniting as it were the other two at theirends or terminations. In the fkate this is fomewhat different, being onlyunited to one of the perpendicular canals. The two femi-circular canalswhofe pofition is perpendicular, are united at one end laterally, formingone canal; at their other extremities they have no connection with eachother, but are joined to the terminations of the horizontal one, near itsentrance into the common cavity. Near the union of thofe canals intothe common, they are fvvelled out into round bags, becoming theremuch larger. In the ray kind they all terminate in one cavity ; and in the cod theyterminate in one canal, placed upon the additional cavity or cavities, inwhich there is a bone or bones. In fome there are two bones â€? and inthe jack, which has two cavities, we find in one of them two bones, andin the other one; in the ray there is only a chalky fubflance.b In fome fifhes the external communication, or meatus, enters at theunion of the two perpendicular canals. This is the cafe with all theray kind, the external orifice being fmall, and placed on the upper flatfurface of the head; but it is not every genus or fpecies of fifhes thathave 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 fwelling of the femi-circulartubes above defcribed. They do not appear to pafs through thefe fo asto get on the infide, as is fuppofed to be the cafe in quadrupeds I fhouldtherefore very much fufpedt, that the lining of the tubes in the quadrupedis not nerve, but a kind of internal periofteum. a The turtle and the crocodile have a ftru&ure fomewhat fimilar to this ; and the intentionis the fame, for their fkulls make no part of the organ. h This chalky fubftance is alfo found in the ears of amphibious animals. As



??? As it is evident that fifties pofiefs the organ of hearing, it becomes un-neceftary to make or relate any experiment made with live fifties, whichonly tends to prove this fad:; but I will mention one experiment to fhowthat founds affedt them much, and is one of their guards, as it is in otheranimals. In the year 1762, when I was in Portugal, I obferved in anobleman\'s garden, near Lilbon, a fmall fifti-pond full of different kindsof fifti. Its bottom was level with the ground, and was made by forminga bank all round; with a fhrubbery clofe to it. Whilft I was lying onthe bank, obferving the fifti fwimming about, I deft red a gentleman, whowas with me, to take a loaded gun and go behind the ftirubs and fire it.The reafon for going behind the ftirubs was, that there might not be theleaft reflection of light. The inftant the report was made, the fifti feemedto be all of one mind, for they vaniftied inftantaneoufty, railing as it werea cloud of mud from the bottom. In about five minutes afterwards theybegan to appear, and were feen fwimming about as before. Geoffroi, who has written on this organ, confiders the ray as in theclafs 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 almoft impoftibleto follow him ; yet it is but doing him juftice to allow, that he has dif-covered what is analogous to the three femi-circular canals in otheranimals, together with their union into one cavity; and mentions thechalky fubftance contained in that cavity and the nerves. But it is by nomeans clear, that he

was acquainted with the external opening whichleads to thofe canals. He fays the entrance of the organ of hearing (bywhich one would fuppofe he means the meatus auditorius externus) isnot eafily difcovered; neither does that which he defcribes correfpondwith the real fituation of the external communication ; we may thereforereafonably conclude that he is defcribing fomething elfe. He is not moreclear in his mode of reafoning on the application of the parts to producethe fenfe of hearing. He obferves that the organ of hearing is very im-perfedt in this fpecies of animals; but fuppofes that to be compenfated bythe medium in which they live, and by which found is conveyed to thembeing more denfe than that of the air, by which found is communicated to L animals



??? animals living on the land; and of this idea he is certainly the author*Monf. GeofFroi cannot indeed be faid to have given a perfed: account ofthe organ of hearing in fifhes, yet on the whole he fhould be confideredas a difcoverer. For though he had only made his obfervations on theray, as belonging to the clafs of reptiles; yet as it may be properly con-lidered of the fifh kind, he has a juft claim to the difcovery. Had Iformerly been acquainted with this author\'s refearches and pretenfions, Ifhould not have claimed a difcovery to which I had not a prior right;nor fhould I have held the difcovery of the external communication alone,an objedt of confequence enough to induce me to difpute the honour withMonf. GeofFroi. In looking over the works of the different authors who have treated ofthe organ of hearing in fifhes, I find from a paffage in Willoughby,awho publifhed prior to Mr. GeofFroi, and indeed is quoted by him, thatmy claim, even to the difcovery of the external opening, is not fo flrongas I believed it to be; for he mentions an external orifice in the fkate,Contiguous to what he fuppofes the organ of hearing in that fifh. If whathe alludes to is really the external opening of the ear, it gives him a priorclaim to the difcovery of that part of the organ; although from hisaccount, he cannot be faid to have been acquainted with the organitfelf: but as we find in defcribing the external ear of the thornbackthat he has evidently miflaken the nofe for it, of which he gives atolerable full account, it is very obvious that he was ignorant of the open-ing into the ear.b

Although profeffor Camper publifhed an account of the organ ofhearing in fifhes fo late as 1774, he did not feem at that time to havebeen acquainted with the external opening of the ear in the ray. Aftergiving a defcription of the organ of hearing in the pike, he makes fomegeneral obfervations on the fimilarity of this organ in other fifhes ; but * Willughbeii Hiftoria Pifcium, Oxonii 1686, lib, iii,. cap.. viiia. b Lib. iii, cap,, xiv. excepts



??? excepts the fliark and ray.a This exception we might fuppofe alluded tothe auditory canal -, but further on he explains what he meant by thisexception, and does not mention the external opening in the ray ; fromwhich we may fairly conclude that he was not acquainted with it.b a " II eft tr?¨s-vraifemblable que toutes les autres efp?¨ces de poiffons, tant malacopteryghqu\'acanthopterygii, auf????-bien que les branchiojlegi & les chondropterygii d\'Artedi, ?  l\'exceptiondes fqualis & des raies, ont l\'organe de l\'ou??e conftruit ?  peu pr?¨s de la m??me fa?§on ; jen\'excepte pas l\'efturgeon, quoique M. Klein, ibid, ait donn?Š la defcription du conduit auditif,page 19, figure A,\\ Tab. 2, b -, ce poiffon ?Štant rare parmi nous, je n\'ai eu occafion de l\'exa-miner qu\'une feule fois fans avoir trouv?Š ce conduit." M?Šmoires Etrangers de l\'Academiedes Sciences, 1774, tom. 6, page 190. b " Au contraire, les chiens de mer, les gale?Žs rlp Rnnrlelpt- &â€? It?e poi????"ons qu\'il a d?Šcrits,lib. XII ; les fqualis d\'Artedi & les raies, ont bien l\'organe ?  peu pr?¨s de la m??me compo-fition, mais il eft enferm?Š dans une caille tout o????eufe ou cartilagineufe, ce qui ne fait pas unediff?Šrence effentielle ; ils entendent donc comme les ?Šglefins, les morues, les baudroyes Se lesbrochets, en un mot comme tous les autres poiffons non amphibies : M. Geoffroi s\'eft tromp?Šen comparant leurs organes avec celui des reptiles, tels que la vip?¨re, les l?Šzards, &c. quientendent le fon comme les quadrup?¨des, les oifeaux & les amphibies aquatiques,

favoir parle moyen de l\'air & d\'un tambour, comme j\'ai defl?¨in de le prouver dans une autre occafion."M?Šmoires Etrangers de l\'Acadamie des Sciences, 1774, tom. 6, page 190. L 2 ACCOUNT



???



??? ACCOUNT OF CERTAIN RECEPTACLES OF AIRIN BIRDS, WHICH COMMUNICATE WITH THELUNGS AND EUSTACHIAN TUBE. Society, in the year 1774, I have by the diffe&ions of a number ofbirds been able to make fome additional obfervations relative to the extentof the air-cells which communicate with the lungs in this clafs of ani-mals. Thefe latter oblervations were not however made in confequenceof any regular defign to inveftigate this fubjeft further. For to haveeftablifhed the principle feemed all that was neceffary, unlefs by generalobfervations we could hope to throw more light on the final intention ofthis remarkable piece of mechanifm. Before the period I have mentioned, the communication fubfifting inbirds, between the air-cells of the lungs and other cavities of the body,had not been clearly explained, nor even much attended to by anatomiftsor natural historians. It is a Angularity of itrudure peculiar to this tribeof animals 5 and an account of it, cannot, I imagine, be unacceptableto the public. It is not my prefent intention to enter into minute defcriptions of allthe particular communications of this fort difcoverable in birds by dif-feftion, but only to mention fuch general fadts as will ferve to introducethe fubjedt into natural hiftory, and lead to an inquiry into the purpofeswhich this ftrudture was intended to anfwer. With this view I Shall en-deavour to give fome idea of the conftrudtion of the lungs, and of theair-receptacles in birds; occasionally remarking the circumftances inwhich thefe principally differ from what i& feen in other

animals. INCE the account of thefe receptacles was read before the Royal To make this matter more intelligible, I muft previously give an ideaof the difference between the particular parts in queStion, and thole ofother animals, who are not endowed with this property â€? and iirft, theconStru&ion of the lungs, and then of thofe receptaclesÂ? The



??? The mechanifm of the lungs in birds, which renders them lit forconveying air to different parts of the body, confifts principally in certaincommunications. It has been afferted that birds have no diaphragm ; but this opinionmuft have arifen either from a want of obfervation, or from too confinedan idea of a diaphragm ; for there is a moderately ftrong, but thin andtranfparent, membrane which covers the lower furface of the lungs,adheres to them, and affords insertion to leveral thin mufcles which arifefrom the inner furfaces of the ribs. The ufe of this part feems to bethat of leffening the concavity of the lungs towards the abdomen, at thetime of infpiration, and thereby aflifting to dilate the air-cells for whichreafon it is to be confidcred as anfwering one main purpofe of a dia-phragm. Befides this attachment of the lungs to the diaphragm, theyare alfo connected to fhe ribs, and to the fides of the vertebrae. Thefe adhefions are peculiar to this tribe of animals, and are of An-gular ufe, nay in faÂ?t are abfolutely neceffary in fuch lungs as thofe ofbirds; out of whicljt it is intended the air fhould find a paffage into othercavities. For if the lungs were loofe in the cavity of the thorax, as isthe cafe in many other animals, thefe cells could not be expanded, eitherby the deprefiion of the diaphragm, or the elevation of the ribs; fincethe air rufhing in to fill up the vacuum produced in the cavity of thecheft by thefe actions would take the {freight road from the tracheathrough thefe paflages, and of confequence would expand no part of thelungs which lay out of that line, whereby refpiration

would be totallyprevented, and an effect produced exactly fimilar to what happens in otheranimals where the lungs are fo much wounded as to allow a free exit tothe air at that part. The cells in birds which receive air from the lungs, are to be foundboth in the foft parts, and in the bones; and have no communicationwith the cavity of the common cellular membrane. Some of thefe air-bags are placed in the larger cavities, as the abdomen ; and others arefo lodged in the interfaces, as about the breaft, axilla, &c. as at firft togive the appearance of the common connecting membrane. Some ofthem communicate immediately with one another; and all may be faid to



??? to have a communication by means,of the lungs. They are of very dif-ferent fizes, juft as bell fuits the particular circumftances of the parts inwhich they are placed. The bones which receive air are of two kinds ; fome, as the fternum,ribs, and vertebra, have their internal fubftance divided into innumerablecells, whilft others, as the os humeri, and the os femoris, are hollowedout into one large canal, with fometimes a few bony columns runningacrofs at the extremities. Bones of this kind may be diftinguifhed fromthofe that do not receive air, by feveral marks : ift, By their lefs fpecificgravity : 2dly, By being lefs vafcular than the others, and thereforewhiter : 3<ily, By their containing little or no oil, and confequently beingmore eafily cleaned; and when cleaned appearing much whirer than com-mon bones : 4-thly, By having no marrow, or even any bloody pulpy fub-ftance in their cells : 5thly, By not being in general fo hard and firm asother bones3; and 6thly, By the paffage that allows the air to enterthe bones, which can eafily be perceived. In the recent bone we mayreadily difcover holes, or openings, not filled with any fuch foft fubftanceas blood-veffels or nerves ; and it happens that feveral of thefe holes areplaced together, near that end of the bone which is next to the trunk ofthe bird; and are diftinguifhable by having their external edges roundedoff; which is not the cafe with the holes through ivhich either nerves orblood-veffels pafs into the fubftance of the bone. When birds break any of the bones which contain air, the furround-ing parts

become emphyfematous. There are openings in the lungs, by which they tranfmit air to theother parts; and the membrane or diaphragm above mentioned is per-forated in feveral places with holes of a confiderable fize, which admit ofa free communication between the cells of the lungs and the abdomen,a circumftance which has been frequently noticed. To each of thefeperforations is joined a diftindt membranous bag, extremely thin andtranfparent, which being afterwards continued through the whole of the a The bones of fome birds are fb foft that they can be fqueezed together with the fingerand thumb; the bones of the extremities however have very folid fides. abdomen



??? abdomen are attached to the back and fides of that cavity, by which thebags are kept firm in their proper fituations ; each receiving the air fromtheir refpeÂ?tive openings. There is no occafion to defcribe here all thebags, or their attachments, it being fufficient to fay that they extend overthe whole abdomen. The lungs at the anterior part, contiguous to the fternum, open intocertain membranous cells which lie upon the fides of the pericardium,and communicate with the cells of the flernum. At the fuperior partthe opening of the lungs is into the large cells of a loofe net work,through which the trachea, cefophagus, and large veffels pafs as they aregoing 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 ingeneral is a mark of either the pafiion of anger or love. It is plainlyfeen in the Turkey-cock, the pouting pigeon, &c. and is very vifible inthe bread of a goofe when Hie cackles. Thefe cells communicate withothers in the axilla, under the large peroral mufcle; and in fome birdsare ftill further extended. In the pelican, for inftance, the fkin of thebreafl is united to the parts underneath by means of thofe cells, whichare pretty equally formed; and when the fkin is removed, the two fepa-rated furfaces appear as if honey-combed. When thefe cells are diftended,the fkin is removed to a confiderable diftance, by which means the volumeis proportionally increafed. In moft birds, I believe in all that fly, thefeaxillary cells communicate with the cavity of the os humeri, by means offmall openings in the

hollow lurface near the head of that bone. Theoftrich however is an exception. In fome birds they are continued downthe wing, where they communicate with the ulna and radius, and inothers they go even as far as the pinions. The pofterior edges of the lungs (which lie on the fides of the fpineand project backwards between the ribs) open into the cells of the bodiesof the vertebrae, into thofe of the ribs, the canal of the medulla fpinalis,the cells of the facrum, and other bones of the pelvis ; from which partsthe air finds a paffage into the cavity of the thigh bone. This takesplace in the greateft number of birds â€? but in fome the air is even con-tinued part of the way down the thighs. This account agrees with what we



??? we generally find j though fome birds have more, and Tome fewer of thefecommunications ; for in the oftrich no air gets into the os humeri, butit enters into every other part, as defcribed above, and in very large quan-tities. In the common fowl no air appears to enter any bone except theos humeri. The wood-cock has no air-cells either in the firft bone ofthe wing, or in the thigh bones. On the other hand, in the pelicanthe air paffes on to the ulna and radius, and into thofe bones whichanfwer 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,thofe in the cellular membrane under the pedtoral mufcles, as well as inthat which unites the fkin to the body, all communicate with the lungs, :and are capable of being filled with air; and again from thefe the cells ofthe fternum, ribs, vertebra 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 furnifhed with air. This fupply of air is not conveyed to the bones folely by means of thelungs i for the cells of the bones of the head in fome birds are likewifefilled with it, of which the owl is a remarkable inftance. In this birdthe diploe between the two plates of the fkull i& cellular and admits aconfiderable quantity of air, which is furnifhed by the Euflachian tube. Some authors confidered the diploe in the cranium of a bird as a con-tinuation of the mamillary procefs,a and have looked upon it as a circum-flance peculiar

to finging birds, but this is not really the cafe. Thelower jaw of many birds, but more particularly the pelican, is furnifhedwith air, which is fupplied by means- of the Eufiachian tube,b Thefe a The only thing fi\'milar to: this communication in birds, of the cells of bones with theÂ?xternal air, is that which takes place in the internal ear of quadrupeds, by means of the Euf-tachian tube. Â? When I wrote this account to fend it. to the Royal Society, I did not then know by whatmeans this was done ; for in that I faid, " but by what means I do not know;" that is, Idid not know whether it was conveyed by the trachea, where it pafles along the neck, orthe EÂ?jftachian tube. Profeflbr Camper, when he did me the honour to call upon me, was fo M obliging



??? Thefe facts, which had been formerly obferved, led me in the year1758 to make feveral experiments upon the breathing of birds, to provethe free communication between the lungs and the above mentioned parts. Firft, I made an opening into the belly of a cock, and having intro-duced a filver canula, tied up the trachea; I found that the animalbreathed by this opening, and might have lived; but by an inflammationin the bowels coming on, adhefions were produced* and the communi-cation cut off. I next cut the wing through the os humeri, in another fowl, -andtying up the trachea, as in the cock, found that the air paffed to andfrom the lungs by the canal in this bone. The fame experiment wasmade with the os femoris of a young hawk, and was attended withnearly the like fuccefs. But the paflage of air through the parts inboth, efpecially in the laft experiment, was attended with more difficultythan in the fir ft; it was indeed fo great as to render it impoffible for theanimal to live longer than to prove evidently that it breathed throughthe cut bone. I have made feveral preparations of thefe cells, by throwing into thetrachea an injection commonly called the corroding injection, which firftfilled the air-cells of the lungs, then all the others, fuch as the cells inthe abdomen, anterior and fuperior part of the cheSt, axilla, os humeri,cells of the back bone and thigh ; then the whole being put into fpirit offea-falt, and corroded, the caSt ofinjedtion came out entire. The extreme fmgularity of thefe communications in birds, put me uponconfidering what might be their final intention. At

firft I fufpedted thatit might be intended to affiSt the ad: of flying, that being the circumstancewhich appears the molt peculiar to birds. It might be of fervice in thatrefped, I thought, by increafing the volume and Strength with the famequantity of matter, and therefore without adding to the weight of thewhole, which indeed would rather be diminished by the difference of obliging as to take Some pains to fhow me, in the lower jaw of the hawk, the hole where theair entered ; which makes me fufpeft he did not underftand what I had written. For afterhaving given the marks by which fuch openings were particularly diftinguifhed, it will hardlybe fuppofed I could fay that I did not know the hole where the air entered. Specific



??? fpecific gravity between the external and internal air. This opinion wasilrengthened, by obferving that the feathers of birds contain alfo a confi-derable quantity of air and in the very part which requires the greateffcftrength: the analogy to which feems to hold good between this mechanifmin birds ; and what is difcoverable in moft kinds of fifhes, rather favoursthis opinion. For thefe have air contained within their bodies, which Ibelieve is commonly fuppofed to leffen their fpecific gravity, although thisdoes not appear fo neceffary in fifhes, who move in a much heavier ele-ment than birds.3 But when I found that the oftrich (which is not intended a When we confider that the elevating and fufpending apparatus is much lefs In /Iflies thanin birds, we might reafonably conceive the air in them was intended as a kind of equilibriumbetween the fifh and water; and that progreflive motion was the only thing wanted in theaÂ?Hons of fifties. Were we to reafon upon general principles alone, we fhould fuppofe thatthofe fifties who have the largeft air-bags fhould have their mufcles of a greater fpecific gra-vity j and thofe fifties that have none, fhould have the lighteft flefti; therefore that the flefhof a fhark, which has no air-bag, fhould be lighter than that of the falmon and cod, whichhave : but to know how far this, which appeared to be reafonable, was a fact, I made the fol-lowing experiments. Experiment x. I took a portion of mufcle of the fhark, cod, and falmon, of the fameweight in air; and firft examined how far they occupied the fame fpace, by immerfing themin

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 felmon a little more, and the cod the largeft. Experiment 2. I then fufpended the fame three portions, upon a level, in a glafs veflelfilled with water about two feet high, and let them all go at the fame inftant to fee whichwould fall through the water in the fhorteft fpace of time, The fhark got to the bottomfirft, the falmon next, and the cod laft. It is neceffary to obferve that, in both thefe experiments, the difference iabulfc, and in thetimes of their falling was very little ; but however fufficient to afcertain the fact for which theexperiments were inftituted. To fee how far the mufcular flefti 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 ftieep, butcould difcover no vifible difference in their weight.. It may be obferved, there are two lituations of oil in fifties; in one it is- diffufed throughthe body, as in the falmon, herring, &c. In the other it is in the liver, as in all of the raykind, cod, &c. and thofe w;ho have it in one part have none in the other. The liver, inthofe of the ray kind, is large and extended through the. belly; therefore it might be fuppofedto lighten the body, from oil being lighter tljan water or the flefh; but we have oil" in the M 2 liver.



??? intended to fly) was amply provided with thefe cells; and that the com-mon fowl, and many others of that clafs, which are endowed with thefaculty of flying, were lefs liberally fupplied with air : when I law thatthe wood-cock, which flies, and is even fuppofed a bird of paffage, wasinferior in this refpeCt to the oftrich; and that the bat differed not inftrudture from animals that do n-ot fly, I was compelled, by fo many con-tradictions to theory, to fuppofe that this lingular mechanifm might beintended for fome other purpofe. The next conje&ure that offered, was, that thefe parts were to be con-sidered as an appendage to the lungs; to which I was led by the analogyobfervable in amphibious animals. For in the fnake, viper, and manyothers of them, the lungs are continued down through the whole belly,in form of two bags; of which, the upper part only can perform theoffice of refpiration with any degree of effect; the lower having com-paratively but few air-veffels. The air mult pafs through this upperpart before it gets to the lower in infpiration, and muft alfo repafs in ex-piration, fo that the refpiratory furface has more air applied to it thanwhat the lungs of themfelves could contain. It cannot however be fup-pofed, that the air may be made to pafs to and fro in bones as in partswhich admit of contraction and dilatation ; the purpofe anfwered by thefebony cells muft therefore be different; and perhaps they fhould be con-fidered as refervoirs of air. There is in faÂ?t a great fimilarity betweenbirds and that clafs of animals called amphibious ; and although a birdand a fnake are not

the fame in the conftru<5Uon of the refpiratory organs,yet the circumftance of the air paffing in both beyond the lungs, into thecavity of the abdomen, naturally leads us to fuppofe, that a ftru&ure fojimilar is defigned in each to a fimilar purpofe. This analogy is ftillfurther fupported by the lungs in both confifting of large cells. Nowin amphibious animals, the ufe of fuch a conformation of the lungs isevident * for it is in confequence of this ftru&ure that they require tobreathe lefs frequently than others. Even confidering the matter in this Hver of the cod; and in the falmon, &c. there is a great deal of oil diffufed through thewhole; therefore I am affraid we are not yet acquainted with the full effect of the air-bladderin fifties.



??? light, it may ftill, in birds, have fome connexion with flying, as thatmotion may eafily be imagined to render frequency of refpiration incon-venient, and a refervoir of air may therefore become Angularly ufeful.Although we are not to coniider this ftrudlure in birds to be an extentionof lungs, yet I can eafily conceive this accumulation of air to be of greatufe in refpiration ; for as we obferved in the viper, that the air in its paf-fage to and from thefe cells, mufl certainly have a confiderable eftedtupon the blood in the lungs, by allowing a much greater quantity of airto pafs in a given time than if there was no fuch contraction of parts.1And this opinion will appear not to be ill founded, if we confider thatboth in the bird and the viper, the furface of the lungs is fmall in com-panion to what it is in many other animals which have not this exteilfioilof cavity. It is alfo a corroborating circumftance, that in the fowl theair could have paffed by a much readier way than through the lungs,into all the cells about the breaft, neck, axilla, wings, &c. that couldhave been filled from the lower end of the trachea, upon which many ofthem lie. But the air muft now take a roundabout paflage both in itsway in and in its way out, thofe openings being upon the exterior furfaceof the lungs. We mufl: not however give up the idea of luch ftruÂ?turebeing of ufe in flying; for I believe we may fet it down as a generalrule, that in the birds of longeft and higheft flight, as eagles, this ex-tenlion, or diffufion of air is carried further than in the others; and thisopinion is flrengthened by comparing this

ftru&ure with the refpiratoryorgans in the flying infects, which are compofed of cells diffufed throughthe whole body and thefe are extended even into the head and down theextremities j while there is no fuch ftruchire in thofe infects that do notfly, as the fpider but why the pelican fhould be fo amply provided, Icannot fay, not knowing the natural hiftory of that bird Efficiently tobe able to judge of this point. Do they carry weights in the large faucesfo as to require fuch an increafe of body without increafe of weight ? 3 It may perhaps occur to fome that the whole of thefe communicating cells are to be con-fidered as extended lungs; but I can hardly think that any air which gets beyond the vefi-culated lungs themfelves is capable of affe&ing the blood of the animal; as the other cavitiesinto which it comes, as well thofe of the foft parts as of the bones, are very little vafcular. How



??? How far this conftrudlion of the refpiratory organs may afiift birds infinging, is deferving of notice ; as the vail; continuance of long, betweenthe breathings, in a Canary-bird, would appear to arife from it. Thisis a fubjed however which I ilia 11 not at prefent enter upon, EXPERIMENTS



??? r 8; J EXPERIMENTS AND OBSERVATIONS ON ANI-MALS, WITH RESPECT TO THE POWER OFPRODUCING HEAT. SOME late Ingenious experiments and observations, publifhed in thePhilofophical Tranfa&ions, upon a power which animals feem topoffefs of generating cold, induced me to look over my notes, containingiome which I had made in the year 1766, indicating an oppofite power inanimals, whereby they are capable of refitting any external cold while alive,by generating within themfelves a degree of heat Sufficient to counteract it.Thefe experiments were not originally inflituted with any expectation ofthe event which refulted from them, but for a very different purpofe jwhich was 110 other than to fatisfy myfelf, whether an animal could re-tain life after it was frozen, as had been confidently aflerted both of fifliesand fnakes. If I had fucceeded, I meant to have tried the effedts of freez-ing, on living animals, to a much greater extent than ever can happenaccidentally. For that fnakes and fiflies, after being frozen, have flillretained fo much of life, as when thawed to refume their vital anions, isa faÂ?t fo well attefted that we are bound to believe it. I mention thefecircumftances, to account for what might otherwife be attributed tonegligence and inattention; namely, the little nicety that was ufed inmeafuring the precife degree of cold applied in thefe experiments. Ac-curacy in this particular was not aimed at, as it was of no confequence inthe inquiry more immediately before me. The cold was firfl producedby means of ice and

fnow with fal ammoniac or fea-falt, to about theioÂ° of Fahrenheit\'s thermometer: then ice was mixed with fpirit ofnitre; but what degree of cold was thus produced I did not examine.This cold mixture was made in a tub furrounded with woollen cloths,and covered with the fame, to prevent the effects of the heat of the at-mofphere upon the mixture itfelf, and to preferve as much as poflible acold atmofphere within the veffel. The animal juices, the blood for ex-ample,,



??? ample, freeze at 25Â°^ fo that a piece of dead flefh could be frozen infuch an atmofphere. EXPERIMENTS. I. The fir ft experiment was made on two carp. They were put intoa glafs veffel with common river water, and the veffel put into the freez-ing mixture ; the water did not freeze faft enough ; and therefore to makeit freeze fooner we put in as much cooled fnow as to render the wholethick. The fnow round the carp melted : we put in more frefh fnow,which melted alfo and this was repeated feveral times, till we grewtired, and at laft left them covered up in the yard to freeze by the jointoperation of the furrounding mixture and the natural cold of the atmof-phere. They were frozen at laft, after having exhaufted the whole powersof life in the production of heat. That this was really the cafe, couldnot be known till I had completed that part of the experiment for whichthe whole was begun, viz. the thawing of the animals. This was donevery gradually; but the animals did not, with flexibility, recover life.While in this cold they fhewed figns of great uneafmefs by their violentmotions. N. B. In fome of thefe experiments, where air was made theconductor of the cold and heat, that the heat might be more readilycarried off from the animal, a leaden veffel was ufed. It was fmall forthe fame reafon ; and as it was neceflary for the animal\'s refpiration thatthe mouth of the veffel fhould communicate with the open air, it wasmade pretty deep, that the cold of the atmofphere round the animalmight not be diminifhed faft by the warmth of the open

air, which wouldhave fpoiled it as a conductor. II. The fecond experiment was upon a dormoufe. The veffel wasfunk in the cold mixture almoft to its edge. The atmofphere round theanimal foon cooled ; its breath froze as it came from the mouth; anhoar-frofl gathered on its whifkers, and on all the infide of the veffel;and the external points of the hair became covered with the fame. Whilethis was going on, the animal fhewed figns of great uneafinefs : fometimesit would coil itfelf into a round form, to preferve its extremities, and con-fine



??? fine its heat; but finding that ineffectual, it then endeavoured to makeits efcape3; its motions became lefs violent by the linking of the vitalpowers; and its feet were frozen ; but we were not able to keep up thecold a fufficient time to freeze the whole animal, its hair being fo bad aconductor of heat, that the consumption was not more than the animalpowers were capable of Supporting.,b III. The third experiment was made upon another dormoufe. Fromthe failure of the laft experiment I took care that the hair Should not afecond time be an obftruCtion to the fuccefs of our experiment. I there-fore firft made it wet all over, that the heat of the animal might be moreinftantaneoufly carried off; and then it was put into a leaden veffel. Thewhole was put into the cold mixture as befnre The animal foon gavefigns of its feeling the cold, by repeated attempts to make its efcape.The breath, and the evaporating water from its body were foon frozen,and appeared like a hoar-froft on the fides of the veffel, and on itswhifkers ; but while the vigour of life lafted, it defied the approach ofthe cold. However, from the hair being wet, and thereby rendered agood conductor of heat, there was a much greater confumption of it thanin the former experiment. This haftened on a diminution of the powerof producing it. The animal died, and foon became Stiff; upon thaw-ing it, we found it was quite dead. IV. The fourth experiment was upon a toad. It was put into waterjuft deep enough not to cover its mouth, and the whole was put into acold mixture, now between ioÂ°

and 150. It allowed the water to freezeclofe to it, which as it were, clofed it in ; but the animal did not die,and therefore was not frozen : however, it hardly ever recovered the ufeof its limbs. a This Shows, that cold carried to a great degree rather roufes the animal into action thandepreiles it; but it would appear from many circumftances and obfervations, that a certaindegree of cold produces inactivity both in the living and fenfative principle, which will befurther illuftrated hereafter. b Thefe experiments were made in prefence of Dr. George Fordyce and Dr. Erwin,teacher of Chymiftry at Glafgow; the latter of whom came in accidentally in the middleof our operations. N \' V. The



??? V. The fifth experiment was with a fnail, which froze very foon, ina cold between i oÂ° and 130 j but thefe two laft experiments were made inthe winter, when the living powers of thofe animals are very weak : theymight have refilled the cold more ftrongly in the fummer. Why theanimals mentioned in thefe experiments died before they were frozen,while thofe which are expofed to the atmofphere in very cold climatesdo not, is a point I fhall not pretend to determine ; not knowing thedifference between the effects of a natural and an artificial cold. It maybe accounted for, by fuppofing that the natural cold in climates in whichanimals are found frozen, is fo intenfe as to produce congelation imme-diately, before the powers of life are exhauftedj at leaft whether it isfo or not is worthy of inquiry. It appears from the above experiments, that moft probably the animals-were deprived of life before they were frozen. Secondly, that there wasan exertion or expence of animal powers in refifting the effe&s of cold,proportioned to the neceffity. Thirdly, that this exertion was in propor-tion to the perfection of the animal, and the natural heat proper to eachfpecies, and to each age. It might alio perhaps depend in fome degree onother circumftances not hitherto obferved: for from experiment II. andIII. upon dormice, I found that in thefe animals, which are of a confti-tution to retain nearly the fame heat in all temperatures of the air, itrequired the greateft cold I could produce to overcome this refiftingpower; while by experiment IV. and V. in the toad

and fnail, whojfenatural heat is not always the fame, but is altered very materially accord-ing to the external heat or cold, this power was exhaufted in a degree ofcold not exceeding ioÂ° or 150: and the fnail being the moft imperfedt ofthe two, its powers of generating heat appeared to be much the weakeft. That the imperfedt animals will allow of a confiderable variation intheir temperature of heat and cold, is proved by the following experi-ments. The thermometer being at 45% the ball was introduced by themouth into the ftomach of a frog, which had been expofed to the famecold. It rofe to 490. I then placed the frog in an atmofphere madewarm by heated water, where I allowed it to flay twenty minutes ; andupon introducing the thermometer into the ftomach, it raifed the quick- filver



??? filver to 64Â°. But to what degree the more imperfect animals are capa-ble of being rendered hotter and colder at one time than another, I havenot been able to determine. The torpidity of thefe animals in our winteris probably owing to the great change wrought in their temperature bythe external 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 effed is produced. This variety notonly takes place in animals of different orders; but in fome degree inthe fame animal at different ages, even according to the different ages ofparts in the fame animal; for an animal is naturally alike old in all itsoriginal parts, yet there are often new ones formed in confequence ofdifeafes â€? and we find, that thefe new or young parrs in animals are notable to fupport life equally with the old j but as animals are of differentages, and the fame animal is always growing older, and of courfe moreand more perfect, they then become more capable of generating heatthan when they were younger. This power of generating heat feems to be a property in an animalwhile alive. It is a power only of oppofition and refinance; for it isnot .found to exert itfelf fpontaneoufly and unprovoked ; but muff alwaysbe excited by the energy of fome external frigorific agent, or difeafe. Itdoes not depend on the motion of the blood, as fome have fuppofed, be-caufe it likewife belongs to animals who have no circulation ; and thenofe of a dog, which is always nearly of the fame

heat in all tempera-tures of the air, is well fupplied with blood: neither can it be faid todepend upon the nervous fyftem, for it is found in animals that have nobrain or nerves. It is then moft probable that it arifes from fome otherprinciple; a principle fo connected with life, that it can, and does, ad:independently of circulation, fenfation; and volition -K and is that powerwhich preferves and regulates the internal machine. This power ofgenerating heat is in the higheft perfedion when the body is in health ; andin many deviations from that ftate we find that its adion is extremelyuncertain and irregular; fometimes rifing higher than the flandard, andat other times falling much below it. Inftances of this we have in dif-ferent difeafes, and even in the fame difeafe, within very fhort intervals N 2 of



??? of time. A very remarkable one fell under my own obfervation, in agentleman who was feized with an apoplectic fit; and while he lay in-fenfible in bed, covered with blankets, I found that his whole bodywould, in an inftant, become extremely cold in every part, continuingfo for fome time; and, as fuddenly, would become extremely hot. Whilethis was going on alternately, there was no fenfible alteration in hispulfe for feveral hours. Being mafter of the foregoing fad:, that animals had a power of gene-rating heat, I purfued the fubjeCt ftill further; not fo much with a viewto account for animal heat, as to obferve the different phenomena, withthe variations or difference in different animals. In the courfe of my ex-periments having found variations in the degree of heat and cold inthe fame experiment, for which I could not account, I fufpeCted thatthis might arife from fome imperfection in the confirmation of the ther-mometer. I mentioned to Mr. Ramfden my objection to the commonconftruCtion of that inftrument, and my ideas of one more perfeCt in itsnature, and better adapted to the experiments in which I was engaged.He accordingly made me fome very fmall thermometers, fix or feveninches long, not above two-twelfths of an inch thick in the ftem j havingthe external diameter of the ball very little larger than that of the ftem,on which was marked the freezing point. The ftem was embraced bya fmall ivory fcale fo as to Hide upon it eafily, and retain any pofition.Upon the hollow furface of this fcale were marked the degrees whichwere feen

through the ftem. By thefe means the fize of the thermome-ter wras very much reduced, and it could be applied to foft bodies withmuch more eafe and certainty, and in many cafes in which the formerones could not be conveniently ufed â€? I therefore repeated with it fuch ofmy former experiments as had not at firft proved fatisfaCtory, and foundthe degrees of heat very different, not only from what I had expeCted*but alfb from what I had found by my former experiments with the ther-mometers of the common conftruCtion. I have obferved above, and find it fupported by every experiment Ihave made on the heat and cold of animals, that the more perfeCt havethe greateft power of retaining a certain degree of heat, which may be called*



??? called their Standard heat, and allow of much lefs variation than the moreimperfeCt animals : however, it will appear from the three experimentswhich I am now going to relate, that many, if not all of them, are in-capable of keeping conftantly to one degree; but may be altered fromtheir Standard heat, either by external applications,, or difeafe. How-ever, thefe variations are much greater below that Standard than aboveit; the perfect animals having a greater power of refiSting heat than coldj,fo that they are commonly near their ultimate heat. Indeed we do notwant any other proof of a variation than our own feelings : we are allfenfible of heat and of cold, which lenfations could not be producedwithout an alteration really taking place in the parts affeCted; and thatalteration could not take place \'1 f tkey did not becomo actually warmer orcolder. I have often cooled my hands to fuch a degree, that I couldwarm them by immerfing them in water juft pumped â€? therefore myhands were really colder than the pump-water. An increafe of abfolute heat muSt alter the texture or pofition of theparis, fo as to produce the fenfation which we likewife call heat: and asthat heat is diminished, the texture or pofition of the parts is altered ina contrary way ; and, when carried to a certain degree, becomes thecaufe of the fenfation of cold. Now thefe effects could not take placein either cafe without an increafe or decreafe of abfolute heat in the part;heat therefore in its different degrees muSt be prefent. When heat isapplied to the furface of the body, the Skin becomes in

fome degree heatedaccording to the application; which may be carried fo far as actually toburn the living parts: on the contrary, in a cold atmolphere, a man\'shand may become fo cold as to lofe that fenfation altogether, and changeit for pain. Abfolute heat and cold may be carried fo far as even toalter the Structure of the parts upon which the actions of life depend.. As animals are fubjeCt to variations in their degrees of heat andcold from external applications, they are of courfe, in this refpe.Ct,. af-fected in fome meafure like inanimate matter : and therefore,, as parts areelongated or recede from the common mafs, thefe effeCts more readilytake place: for inftance, all projecting parts, and extremities, more es-pecially toes, fingers, nofes, ears, combs of fowls, particularly of the COClC.a^



??? cock, are more readily cooled, and are therefore moft fubjeft to be affe&edby cold. Animals are not only fubjedt to an increafe and decreafe ofheat, fimilar to inanimate matter; but the tranfition from one to theother (as far as they admit of it) is nearly as quick, I fhall not howeverconfine myfelf to fenfation alone, as that is in fome degree regulated byhabit: for a habit of uniformity in the application of heat and cold toan animal body, renders it more fenfible of the fmalleft variation in eitherwhile by the habit of variety it will become, in a proportionable degree,lefs fufceptible of all fuch fenfations. This is proved every day, in coldweather, by people who are accuflomed to clothe themfelves warm. In themthe lea ft expofure to cold air, although the effedt produced in the fkin isperhaps not the hundredth part of a degree, immediately gives the lenfationof cold, even through the thickeft covering : thofe, on the contrary, whohave been ufed to go thinly clothed, can bear the variation of fome degreeswithout being fenfible of it: of this the hands and feet afford an inftancein point; exciting the fenfation of cold when applied to another part ofthe body, without having before given to the mind an impreffion of coldexifting in them. The projecting parts and the extremities are thofewhich admit of the greateft change in their degrees of heat and cold,without materially affecting the animal, or even its fenfations.. I findthat by heat or cold externally applied to fuch parts, the thermometermay, in fome degree, be made to rife or fall; but not in an equal pro-

portion as when applied to inanimate matter. Nor are the living partscooled or heated in the fame proportion, as appears from the applicationof the thermometer to the fkin; for the cuticle is to be confidered as adead covering, capable of receiving greater degrees of heat and cold thanthe living parts underneath ; and as it might be fufpefted that the wholeof the variation was,in this covering, to remove any fuch doubt I madeths following experiments. Experiment I. I placed the ball of my thermometer under my tongue,where it was perfe&ly covered by all the furrounding parts ; and havingkept it there for fome minutes, I found that it rofe to 9 f- but this being.continued, it rofe no higher. I then took feveral pieces of ice, about thefize 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, occa-fionally fpitting out the water arifing from the folution : this I continuedfor ten minutes, and found, on introducing my thermometer, that it fellto 770; fo that the mouth at this part had loft 20Â° of heat. The ther-mometer gradually rofe to 970 again ; but did not in this experiment finkfo low as it would have done in the hand, if a piece of ice had beenheld in it for the fame length of time. Perhaps the furface under thetongue being furrounded with warm parts, renders it next to an impof-fibility to cool it to any greater degree: but I rather fufpedt that fuchparts as the hand will allow of greater latitude in this refpedt, fromhaving infenfibly acquired the habit of varying the degree of cold, and becoming of courfe lefs fufceptiblc of its ixiipicflluiis. 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 contact with the externalatmofphere in the adtion of breathing, whatever is put into it may befuppofed to be influenced by that atmofphere; this will always render anexperiment made in that part, relative to heat and cold, fomewhat uncer-tain. I imagined that the urethra would anfwer better, becaufe being aninternal cavity it can only be influenced by heat and cold applied to theexternal fkin of the parts. I imagined alfo, that whatever effedts the ap-plication of heat and cold might have, they would fooner take place inthe

urethra, as being a projedting part, than in any other part of the body$and therefore if living animal matter was in any degree fubjedt to-thecommon laws of matter in this refpedt, the urethra would be readily af-fedted: for this reafon I got a perfon who allowed me to make fuch ex-periments as I thought neceffary. Experiment II. I introduced the ball of my thermometer into theurethra about an inch; after it had remained there about a minute, thequickfilver rofe only to 920 : at two inches it rofe to 930 * at four inchedthe quickfilver rofe to 940 - and when the ball had got as far as the bulbof the urethra, where it was furrounded by warm parts, the quickfilverrofe to 970, Experiment



??? Experiment III. Thefe parts being immerled for one minute in wafer,heated only to 65Â°, and the thermometer introduced about an inch and ahalf into the urethra, the quickfilver rofe to 79 : this wras repeated feveraltimes with the fame fuccefs. As the urethra ftill appeared to be the partof an animal beft calculated for experiments of this kind ; to find if therewas any difference in the quicknefs of the tranfition of heat and cold inliving and dead parts, and if the extent to which each wrould go, waslikewife different, I procured a dead penis to make the following com-parative experiments ; being clearly of opinion that all fuch trials fhouldbe as fimilar as poffible, excepting 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 inchand a half within the urethra, being found exactly 920; and havingheated the dead one to the fame degree, I had both immerfed in the fameveffel, with the water at 50Â°, where introducing the thermometers dif-ferent times, I obferved the comparative quicknefs with which they cooledfrom 920. The dead cooled fooner by only two or three degrees. Theliving came down to 58Â°, and the dead to 50". After having continuedthe thermometer there lome time longer, it fell no lower. I repeated thefame experiment feveral times, with the fame fuccefs â€? although at onetime there might be a fmall difference in the degrees of heat from that ofanother, the heat of the water alfo differing; but the difference in th?Šrefult was nearly proportional in all

the three different trials, thereforethe fame conclufions may be drawn from them. In thefe lall: experi-ments we find very little difference between the cooling of a part of a deadand of a living body ; but we cannot fuppofe this to take place uniformlythrough the whole body, as in that cafe a living man would always beof the fame degree of heat with the afmofphere in which he lives. Theman not choofing to be cooled lower than 530 or 54% prevented my fee-ing if the powers of generating heat were exerted in a higher degreewhen the heat was brought fo low as to threaten deftru??tion ; but byfome experiments on mice, which will be related hereafter, it will appear-that the animal powers are roufed to exert themfelves in this refpeCt whenneceffary.



??? From the experiments related I found, that parts of an animal werecapable of being reduced below the common or natural heat; I thereforemade other experiments, with a view to fee whether the fame parts werecapable of becoming much hotter than the Standard heat of animals.The experiments were made in the fame manner as the former, only thewater was now hotter than the natural heat of the animal. Experiment V. The natural heat of the parts being 9 2Â°, they wereimmerfed for two minutes in water heated to 1130, and the thermometerbeing introduced as before, the quickfilver rofe to 1 ooÂ° and a half. Thisexperiment I alfo repeated feveral times, but could not raife the heat ofthe penis beyond iooÂ° and a half: this was probably owing to the per-ion not being able at this time to hear tlie application of water warmerthan 1130. As thefe were only fingle experiments, I made a compara-tive one with the dead part. Experiment VI. Both the living and dead part being immerfed inwater, gradually made warmer and warmer from iooÂ° to 118Â°, and con-tinued in this heat for fome minutes, the dead part raifed the thermo-meter to 1140, while the living raifed it no higher than 102Â° 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 didnot feel hot; but on its being agitated it felt fo hot that he could hardlybear it. Upon applying the thermometer to the fides of the living glans,the quickfilver immediately fell from 118Â° to about 104Â°, while it didnot fall more

than a degree when put clofe to the dead; fo that the livingglans cooled the Surrounding water to a certain distance.* Experiment VII. The heat of the reCtum in the fame man was 98Â°and a half exactly. In the fecond, third, fourth, fifth, and fixth experiments, an internal 1cavity, which is both very vafcular and fenfible, was evidently influenced a This might furnilh an ufeful hint reflecting bathing in water, whether colder or warmerthan the heat of the body : for if intended to be either colder or hotter, it will fbon be of thefame temperature with that of the body; therefore in a large bath, the patient fhould movefrom place to place 3 and in a fmall one, there fhould be a conftant fucceffion of water of theintended heat. O by



??? by external heat and cold, though only applied to the fkin of the part jwhile, in the feventh experiment, another part of the fame body, whereexternal heat and cold could make little or no impreffion, was of theftandard heat. Although it will appear from experiment, that the redtumis not the warmed part of an animal; yet, in order to determine how farthe heat could be inc-reafed by ftimulating the conflitution to a degreefufficient to quicken the pulfe, I repeated the feventh experiment afterthe man had eaten a hearty fupper and drank a bottle of wine, which in-creafed the pulfe from 730 to 87% and yet the thermometer only rofe ta98Â° and a half. Having formerly made experiments upon dormice in the fleeping feafonrwith a view to fee if there was any alteration in the animal ceconomy atthat time, I found among my notes an account of fome experiments,which appear to our prefent purpofe : but that I might be more certainof the accuracy of my former experiments, I repeated them with my newthermometer. Experiment VIII. In a room, in which the air was at between 50Â°and 6oÂ° of temperature, a fmall opening was made in the belly of a dor-moufe, of a fufficient fize to admit the ball of my thermometr, whichbeing introduced into the belly at about the middle of that cavity, rofe to?8oÂ°, and no higher. Experiment IX. The moufe was put into a cold atmofphere of 150..above o, and left there for fifteen minutes ; after which the thermometerbeing introduced a fecond time, it rofe to 85Â°. Experiment X. The moufe was again put into a cold atmofpherefor

fifteen minutes ; and the thermometer being again introduced, thequickfilver rofe to-720 only, but gradually came up to 83Â°, 84Â°, and 85Â°. Experiment XI. It was put a third time into the cold atmofphere,and allowed to flay there for thirty minutes j the lower part of the moufewas at the bottom of the difh, and almoft frozenthe whole of theanimal was numbed, and a good deal weakened. When the thermo-meter was introduced, the heat varied in different parts of the belly; inthe pelvis, near the parts moft expofed to the cold, it was as low as 62Â°; in



??? in the middle, among the inteftines, about jcp but near the diaphragmit rofe to 8oÂ°, 82% 84Â°, and 85Â° j fo that in the middle of the body theheat had decreafed ioÂ°. Finding a variation in different parts of theTamecavity in the fame animal, I repeated the fame experiments upon anotherdormoufe. Experiment XII. I took a healthy dormoufe, which had been afleepfrom the coldnefs of the atmofphere, and brought it into a room in whichthere was a fire (the atmofphere at 64Â°); I put the thermometer into itsbelly, nearly at the middle, between the thorax and pubis, and thequickfilver rofe to 740 or 750; when I turned the ball towards the dia-phragm, it rofe to 8oÂ°; and when I applied it to the liver, it rofe to 8iÂ°and a half. Experiment XIII. The moufe was put into an atmofphere at 20Â°,and left there half an hour; when taken out it was very lively, muchmore fo than when put in. I introduced the thermometer into the lowerpart of the belly, and it rofe to 910; and upon turning it up to the liver,to 930. Experiment XIV. The animal was put back into the cold atmof-phere at 300 for an hour, when the thermometer was again introducedinto the belly; at the liver it rofe to 930; in the pelvis to 920; it wras{till very lively. Experiment XV. It was again put back into the cold atmofphere at190, and left there an hour; the thermometer at the diaphragm was87Â°; in the pelvis 83Â°; but the animal was now lefs lively. Experiment XVI. It was put into its cage, and two hours after thethermometer, placed at the diaphragm, was at 930. As I was unable to procure hedge-hogs in the

torpid flate, to afcertaintheir heat during that period, I got my friend, Mr. Jenner, furgeon, atBerkley, to make the fame experiments on that animal, that I mightcompare them with thofe in the dormoufe; and his account is as follows. 44 Experiment I. In the winter the atmofphere at 44% the heat of atorpid hedge-hog, in the pelvis, was 45and at the diaphragm 48Â° anda half. O 2 Experiment



??? Experiment II. The atmofphere 26% the heat of a torpid hedge-hog,in the cavity of the abdomen, was reduced fo low as 30Â°. Experiment III. The hedge-hog was expofed to the cold atmofphereof 26Â° for two days j and the heat of the reCtum was found to be 930 .the wound in the abdomen being now fo fmall that it would not admitthe thermometer. A comparative experiment was made with a puppy, the atmofphere at50Â° -y the heat in the pelvis, as alfo at the diaphragm, was 102Â°. In fummer the atmofphere 78% the heat of the hedge-hog, in an ac~tive ftate, in the cavity of the abdomen, towards the pelvis, was gf $at the diaphragm 970." We find from thefe experiments, that the heat of an animal is increafedunder the circumftances of cold, whenever there are actions to be carriedon for which heat is neceffary. In the experiments on the firft dormoufe,. the heat of the animal was8oÂ° which is below the ftandard heat of the actions of that animal; andafter being put into the cold mixture, its heat was raifed to 85Â°. Inthe fecond dormoufe the heat was raifed by repeated experiments from.75Â° to 93Â°- A queftion naturally occurs here, was the increafe of heatowing to the animals being put into a cold atmofphere, and therefore ge-nerated to refill the cold ? Or was it owing to a wound having been madeinto the cavity of the abdomen, which required an exertion of the animalpowers to repair the injury ; and which actions, could not take placewithout the necelfary degree of heat ? That it was in confequence of thewound, appears evident from the

experiment made upon the fecond hedge-hog ; for in an atmofphere of 26Â° of heat, it was in a very torpid ftate,and did not raife the thermometer higher than 30Â°but after being putback into the cold, and kept there for two days, its heat in the reCtumwas 930; and fo far from being torpid* it was lively, and the bed inwhich it lay felt warm. As this animal allowed its heat to come fo low as 300, when therewas no necelfary a&ion to take place, the increafed heat cannot be at-tributed to the effedts of cold ; but muft be referred to the wound madeinto the belly, that called forth the powers of the animal to repair an



??? injury which they could not affeCt in a degree of heat below the Standardheat of the animaland this Stimulus of neceffity for aCtion caufed anexertion of the powers of generating heat, even in a degree of cold thatwould have otherways brought the animal fo low as 30Â°. Why the heat of the dormoufe Should be fo low as 8oÂ°, in an atmof-phere of between 50Â° and 6oÂ°, is not ealily accounted for, (except uponthe principle of Sleep). But I Should very much SufpeCt, that fleep, fim-ply confidered, is out of the queftion, as fleep is an effeCt that takes,place in all degrees of heat and cold. In thofe animals where the volun-tary aCtions are fufpended by cold, it appears to produce the effeCt byaCting in a certain degree as a fedative, in confequence of which the ani-mal faculties are proportionably weakened, but itiil retain, even underfuch circumftances, the power of carrying on all the functions of life.Beyond this point cold feems to aCt as a Stimulant, and roufes the animalpowers to aCtion for felf-prefervaticn. It is more than probable, thatmoft animals are in this predicament; and that every order has its degreeof cold by which the voluntary actions muft be fufpended. When a man is afleep, he is colder than when awake; and I find, ingeneral, that the difference is about one degree and an half, fometimeslefs. But this difference in the degree of cold between Sleeping andwaking is not a caufe of fleep, but an effeCt; for many diSeaSes producea much greater degree of cold in the animal, without giving the leafttendency to Sleeptherefore the inactivity of animals

from cold is differentfrom fleep. Befides, all the operations of perfeCt life, as; digeftion, fenfa-tion, &ct are going on in the time of natural fleep,. at leaft in the per-fect animals; but none of thefe operations are performed in the torpidanimals. To fee how far the refult of thefe- experiments upon dormice was pe-culiar to them, I wifhed to repeat the fame experiments upon common,mice; for which purpofe I procured two,, one Strong and vigorous, theother weakened by faffing., Experiment XVII.. The common, atmofphere being at 6oÂ°, I intro-duced the thermometer into the abdomen of the Strong moufej the ball being



??? being at the diaphragm, the quickfilver was raifed to 99ÂŽ, but at thepelvis only to 96Â° and three quarters. Here there was a real difference of about 90 in two animals of thefame fize, in fome degree of the fame genus, and at the fame feafon ofthe year, and the atmofphere of nearly the fame temperature. Experiment XVIII. The fame moufe was put into a cold atmofphereof 130, for an hour, and then the thermometer was introduced as before;the quickfilver at the diaphragm was raifed to 83Â°, in the pelvis onlyto 78Â°. Here the real heat of the animal was diminifhed 160 at the diaphragm,and 18Â° in the pelvis. Experiment XIX. In order to determine whether an animal that isweakened has the fame powers, with refpedt to preferving heat andcold, as one that is vigorous and ftrong, I introduced the ball of thethermometer into the belly of the weak moufe; the ball being at thediaphragm, the quickfdver rofe to 97S ; in the pelvis to 950 : the moufebeing put into an atmofphere as cold as the other, and the thermometeragain introduced, the quickfilver flood at 79Â° at the diaphragm, and at74? in the pelvis. In this experiment the heat at the diaphragm was diminifhed 18Â°, inthe pelvis 21?. Here was a diminution of heat in the fecond greater than in the firft,we may fuppofe proportional to the decreafed power of the animal, arifingfrom want of food. To determine how far different parts of other animals than thofementioned were of different degrees of heat, I made the following ex-periments upon a healthy dog. Experiment XX. The ball of the thermometer being

introduced twoinches within the rectum, the quickfilver rofe to iooÂ° and a half exactly.The cheft of the dog was then opened, and a wound made into the rightventricle of the heart, and immediately on the ball being introduced,the quickfilver rofe to 1010 exactly, A wound was next made fomeway into the fubflance of the liver; and the ball being introduced, thequickfilver rofe to iooÂ° and three quarters. It was next introduced into the



??? the cavity of the ftomach, where it ftood exa&ly at 101 All thefeexperiments were made within a few minutes. Experiment XXI. The thermometer was introduced into the redtumof an ox, and the quickfilver rofe exadtly to 990 and a half. Experiment XXII. This was alfo repeated upon a rabbit, and thequickfilver rofe to 990 and a half. From the experiments on mice, and thofe upon the dog, it plainlyappears, that every part of an animal is not of the fame degree of heat â€?and hence we may reafonably infer, that the heat of the vital parts ofman is greater than either the mouth, redtum, or the urethra. To determine how far my idea was juft, that the heat of animalsvaried in proportion to thdr impcifc<5livii&, I made die following expe-riments upon fowls, which I confidered to be one remove below whatare commonly called quadrupeds. Experiment XXIli I introduced the ball of the thermometer fuc-ceffively into the inteftinum redtum of feveral hens, and found that thequickfilver rofe as high as 103Â°, 103Â° and a half, and in one of themto 104Â°. Experiment XXIV. I made the fame experiments on feveral cocks,and the refult was the fame. Experiment XXV. To determine if the heat of the hen was increafedwhen fhe was prepared for incubation,. I repeated the twenty-third ex-periment upon feveral fitting or clucking hens; in one the quickfilverrofe to 104Â° ; in the other to 103Â° and a half, 103Â°, as in the twenty-third experiment. Experiment XXVI. I placed the ball of the thermometer under thefame hen, in whofe redtum the quickfilver was raifed to 104, and foundthe

heat as great as in the redtum. Experiment XXVII. Having taken fome of the eggs from under thefame hen, where the chick was about three parts formed, I broke ahole in the {hell, and introducing the ball of the thermometer, foundthat 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 livingegg affifted in fome degree to fupport its own heat.. It



??? It may be afked, whether the increafe of three or four degrees of heat,which is found in the fowl more than in the quadruped, is for the pur-pole of incubation ? We found that the heat in the eggs, which wascaufed and fupported by the heat of the fowls, was not above the ftandardof the quadrupeds ; and that it would probably have been lefs, if the heatof the hen had not been fo great. Finding from the above experiments, that fowls were fome degreeswarmer than that clafs commonly called quadrupeds (although certainlylefs perfect animals) I chofe to continue the experiments upon the fameprinciple, and made the following upon thofe of a ft ill inferior order.The next remove from the fowl is thofe commonly called amphibious. Experiment XXVIII. I took a healthy viper, and introduced the ther-mometer into its ftomach, and afterwards into its anus; the quickfilverrofe from 58Â° (the heat of the atmofphere in which it was) to 68Â° ; lbthat it was ioÂ° warmer than the common atmofphere. Experiment XXIX. The viper being put into a pan, and the paninto a cold mixture of about ioÂ° ; after remaining there about ten mi-nutes, its heat was reduced to 370. Being allowed to ftay ten minuteslonger, the mixture at 130, its heat was reduced to 350. It was con-tinued ten minutes more in the mixture at 20and its heat was reducedto 31Â°, nor did it link lower; its tail beginning to freeze; and the ani-mal now becoming very weak. It may be remarked, that it cooledmuch flower than many of the animals mentioned in the followingexperiments. The frog being,

in its ftrufture, more fimilar to the viper than to eitherthe fowl or fifh, I made the following experiments on that animal. Experiment XXX. I introduced the ball of the thermometer into itsftomach, and the quickfilver ftood at 440. I then put the frog into acold mixture, and the quickfilver funk to 310 ; the animal appearedalmoft dead, but recovered very foon : beyond this point it was not pof-fible to leffen the heat, without deftroying the animal. But its decreafeof heat was quicker than in the viper, although the mixture was nearlythe fame. The next experiments were made on fifties. Experiment



??? Experiment XXXI. Having afcertained the heat of the water in apond, in which there were carp, to be 65Â° and a half, I took a carp outof this water, and introduced the thermometer into its ftomach j thequickfilver rofe to 69Â° ; fo that the difference between the water and thefiÂ?h was only 30 and a half. Experiment XXXII. In an eel, the heat in the ftomach, which atfirft was at 370, funk, after it had been fome time in the cold mixture,to 310. The animal at that time appeared dead, but was alive the nextday. Experiment XXXIIL In a fnail, whofe heat was at 440, it funk,after it had been put into the cold mixture, to 31Â°, and then the animalfroze. Experiment XXXIV. Several leaches having been put into a bottle,and the bottle immerfed in the cold mixture, the ball of the thermometerbeing placed in the middle of them, the quickfilver funk to 310 ; andby continuing the immerfion for a Sufficient time to deftroy life, thequickfilver rofe to 320, and then the leaches froze. In all thefe expe-riments the animals when thawed were found dead. Finding that the imperfedt claffes of animals will bear to have theirheat reduced to that point at which the folids and fluids freeze whendead, but if much below it, death muft be the confequence, I wifhed todetermine to what degree of heat the animal could be raifed. Experiment XXXV. A healthy viper was put into an atmofphere of1080, and allowed to flay feven minutes, when the heat of the animalin the ftomach and anus was found to be 920 and a half, beyond whichit could not be. raifed in the above heat.

The fame experiment was madeupon frogs with nearly the fame refult. Experiment XXXVI. An eel, very weak, its heat at 440, which wasnearly that of the atmofphere, was put into water heated to 65Â°, for fif-teen minutes; and, upon examination, it was of the fame degree of heatwith the water. Experiment XXXVII. A tench, whofe heat was 41 was put intowater at 65Â°9 and left there ten minutes ^ the ball of the thermometer P being;



??? being introduced both into the flomach and reClum, the quickfilver rofeto 550. Thefe experiments were repeated with nearly the fame refult. To determine whether life had any power of refitting heat and coldin thefe inferior claffes of animals, I made comparative trials betweenliving and dead ones. Experiment XXXVIII. I took a living and a dead tench, and a livingand a dead eel, and put them into warm water; they all received heatequally fall; and when they were expofed to cold, both the living andthe dead admitted the cold like wife with equal quicknefs. I had long fufpeCted, that the principle of life was not wholly confinedto animals, or animal fubflance endowed with vifible organization andfpontaneous motion; but I conceived, that the fame principle exifted inanimal fubftances, devoid of apparent organization and motion, wherethe power of prefervation was fimply required. I was led to this notion twenty years ago, when I was making draw-ings of the growth of the chick in the procefs of incubation. I then ob-ferved, that whenever an egg was hatched, the yolk (which is not di-minifhed in the time of incubation) was always perfectly fweet to thevery lafl; and that part of the albumen, which is not expended on thegrowth of the animal, fome days before hatching, was alfo perfectlyfweet, although both were kept in a heat of 1030, in the hen\'s egg forthree weeks, and in the duck\'s for four; but I obferved, that if an eggwas not hatched, that egg became putrid in nearly the fame time withany other dead animal matter. To determine how far eggs

would ftand other tefls of a living principle.*I made the following experiments. Experiment XXXIX. Having put an egg into a cold about o, whichfroze it, I then allowed it to thaw; from this procefs I imagined thatthe preferving powers of the egg muft be deflroyed. I next put this egginto the cold mixture, and with it one newly laid } and the difference infreezing was feven minutes and a half, the frefh one taking fo muchlonger time in freezing. Experiment XL. A new laid egg was put into a cold atmofphere,fluctuating between 170 and 150 5 it took above half an hour to freeze; but



??? but when thawed and put into an atmofphere at 250, it froze in halfthe time. This experiment was repeated feveral times with nearly thethe fame refult. To determine the comparative heat between a living and a dead egg,,and alio to determine whether a living egg be fubjedt to the fame lawswith the more imperfedt animals, I made the following experiments. Experiment XLI. A frefh egg, and one which had been frozen andthawed, were put into the cold mixture at 15Â°; the thawed one fooncame to 320, and began to fwell and congeal; the frefh one funk to290 and a half, and in twenty-five minutes after the dead one, it rofe to32and began to fwell and freeze. The refult of this experiment upon the irefM egg was fimilar to theabove experiments upon the frog, eel, fnail, &c. where life allowed theheat to be diminifhed two or three degrees below the freezing point, andthen refilled all further decreafe; but the powers of life were expendedby this exertion, and then the parts froze like any other dead animalmatter. From thefe experiments it appears, that a frefh egg has the power ofrefitting heat, cold, and putrefaction, in a degree equal to many of themore imperfedt animals; and it is more than probable^ this power arifesfrom the fame principle in both. From the circumftance of thofe imperfedt animals (upon which I mademy experiments) varying their heat fo readily, we may conclude, thatheat is not fo very effential to life in them as in the more perfect; althoughit be effential to many of the operations, or what may be called the fe-condary

actions of life, fuch as digefling food,a and propagating the fpe-cies, both which, efpecially the lafl, require the greateft powers an ani-mal can exert. The animals which we call imperfedt being commonlyemployed in the adt of digeftion, we may fuppofe their degree of heatto be only what that adtion requires ; it not being effentially necef-fary for the life of the animal that heat fhould ever rife fo high in them. How far this idea holds good with fifties I am not certain, P 2



??? as to call forth the powers neceflary for the propagation of the /pe-des.4 Therefore, whenever thefe imperfect animals are expofed to a cold fogreat as to weaken their powers, and difable them from performing thefir ft of thefe fecondary actions, they in fome meafure ceafe to be volun-tary agents, and remain in a torpid ftate during that degree of cold whichalways occurs during fome part of the winter in fuch countries as theyinhabit; and the food of fuch animals not being in general produced inthe cold feafon, is a reafon why this torpidity becomes in fome meafureneceflary. From this circumftance of the heat of fuch animals being allowed tolink to the freezing point, or fomewhat lower, and then becoming fta-tionary; and the animal not being able to fupport life in a much greaterdegree of cold for any length of time, we fee a reafon why they alwaysendeavour to procure places of abode in the winter where the cold feldomlinks to that point. Thus we find toads burrowing, frogs living underlarge ftones, fnails leeking Ihelter under ftones and in holes, and fiftieshaving recourfe to deep water ; the heat of all which places is generallyabove the freezing point in our hardeft frofts ; which however are fome-times fo fevere, as to kill many whofe habitations are not well chofen. a The hedge-hog may be called a truly torpid animal, and we find that its heat is dimlni/hedwhen the actions are not vigorous. From a general review of this whole fubject it wouldappear, that a certain degree of heat in the animal is neceflary for its various ceconomicaloperations,

among which is digeftion ; and that neceflary heat will be according to the natureof the animal, and probably the nature of the neceflary operations to be performed. A frogwill digeft food when its heat is at 6oÂ°, but not when at 350 or 40? ; and it is very probablethat, when the heat of the bear, hedge-hog, dormoufe, bat, &c. is reduced to 70Â°, 750, or8oÂ°, they lofe their power of digeftion; or rather that the body, in fuch a degree of cold, hasno call upon the ftomach. That animals, in a certain degree of heat, muft always havefood, is further illuftrated by the inftance of bees. The conftru&ion of a bee is very fimilarto a fly, a wafp, &c. A fly and a wafp can allow their heat to diminifh as in the fifh, fnake,&c. without lofing life, but a bee cannot; therefore a bee is obliged to keep up its heat ashigh as what we call its digeftive heat, but not its propagating-; for which purpofe they pro-vide againft fuch cold as would deprive them even of their digeftive heat, if they had not foodto preferve it. When



??? When the frofl is more intenfe and of longer (landing than common,or in countries where the winters are always fevere, there is generallyfnow, and the water freezes: the advantage arifmg from thefe two cir-cumstances are great; the fnow ferving as a blanket to the earth, andthe ice to the water.1 As all the experiments I ever made upon the freezing of animals,with a view to fee if it were poffible to reflore the actions of life whenthawed, were made upon whole ones, and as I never faw life return bythawing," I wifhed to fee how far parts were Similar to the whole inthis refpedt; efpecially as it is afferted, and with fome authority, thatparts of a man may be frozen, and afterwards recover: for this purpoieI made the following experiments upon an animal of the fame order asourfelves. In January 1777, I mixed fait and ice till the cold was about o ; onthe fide of the veffel was a hole, through which I introduced the ear ofa rabbit. To carry off the heat as fail as poffible, it was held betweentwo flat pieces of iron that went further into the mixture. That part 1 It would be worthy of the attention of the philofopher, to inveftigate the caufe of the heatof the earth, upon what principle it is preferved, &c. Vide Phil. Tranf. for the year 1775, vol. LXV. part II. p. 446. Of



??? of the ear projecting into the veffel became ftiff, and when cut did notbleed ; and the part cut off by a pair of fciffars, flew from between theblades like a hard chip. The ear remained in the mixture nearly an hour: when taken out itfoon thawed, and began to bleed, and became very flaccid, fo as to dou-ble upon itfelf, having loft its natural elafticity. When out of themixture nearly an hour, it became warm, and this warmth increafed toa confiderable degree, and alfo began to thicken, in confequence of in-flammation, while the other ear continued in its ufual cold. The dayfollowing the frozen ear was ftill warm ; and two days after it retainedits heat and thicknefs, which continued for many days after. About a week after this, the mixture being the fame as the former, Iintroduced both ears of the fame rabbit through the hole, and froze themboth: the found one however froze firft, probably from its being confi-derably colder at the beginning. When withdrawn they foon thawed,and both foon became warm, and the frefh ear thickened as the otherhad done before. Thefe changes in the parts do not always fo quickly take place j for onrepeating thefe experiments on the ear of another rabbit till it became as hardas a board, it was longer in thawing than in the former experiment, andmuch longer before it became warm; however in about two hours it be--came a little warm, and the day following it was very warm and thickened. In the fpring 1776, I obferved that the cocks I had in the countryhad 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 inquiredinto the caufe of this, my fervant told me, that it had been commonin that winter during the hard froft. He obferved, that they had becomein part dead, and at laft dropped off: alfo, that the comb of one cockhad dropped entirely off; this I did not fee, as by accident he burnt him-felf to death. I naturally imputed this effeCt to the combs having beenfrozen in the time of the fevere froft; and having, confequently, loft thelife of that part by this, operation. I endeavoured to try the folidity ofthis reafoning by experiment. I attempted-



??? I attempted to freeze the comb of a very large young cock (whichwas of a confiderable breadth) but could only freeze the ferrated edges(which proceffes were full half an inch long) ; the comb itfelf being verythick and warm refilled the cold. The frozen parts became white andhard j and when I cut off a little bit it did not bleed, nor did the ani-mal fhow any figns of pain. I next introduced into the cold mixtureone of his wattles, which was very broad and thin; it froze very readily:upon thawing both the comb and wattle, they became warm, but wereof a purple colour, having loft the tranfparency which remained in theother parts of the comb and in the other wattle. The wound in thecomb now bled freely. Both comb and wattle recovered perfectly "in about a month. Thenatural colour returned firft neareft to the found parts, increafing gra-dually till the whole had acquired a healthy appearance. There was a very material difference in the effeCt between thofe fowls,the ferrated edges of whofe combs I fufpeCted to have been frozen in thewinter of 1765-6, for they muft have dropped off. The only way inwhich I can account for this difference is, that in thofe fowls the partswere kept fo long frozen, that the unfrozen or aCtive parts had time toinflame, and had brought about a feparation of the frozen parts, treatingthem exactly as dead, limilar to a mortified part; and that before theythawed, the feparation was fo far compleated as to deprive them of furtherfupport. As it is confidently afferted, that fifties are often frozen and come to lifeagain, and as I

had never fucceeded in any of my experiments of thiskind upon whole fifties, I made fome partial experiments upon this clafsof animals being led to do this by having found a material difference inthe refult of the experiments made upon the whole animal, and of thofemade only on parts of the more perfeCt animals. I froze the tail of a tench (as high as the anus) which became as hardas a board; when it thawed, that part was whiter than common; andwhen it moved, the whole tail moved as one piece, and the terminationof the frozen part appeared like the joint on which it moved. Oft



??? On the fame day I froze the tails of two gold fiihes till they became asfolid as a piece of wood. They were put into cold water to thaw, andappeared for fome days to be very well; but that part of the tails whichhad been frozen had not the natural colour, and the fins of the tails be-came ragged. About three weeks after a fur came all over the frozenparts ; their tails became lighter, fo that the fifhes were fufpended in thewater perpendicularly, and they had almoft loft the power of motion ;at laft they died. The water in which they were kept was New Riverwater, fhifted every day, and about ten gallons in quantity. 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 thawedit was perfectly dead. I then froze the anterior half of another earth-worm j but the wholedied. I next froze the pofterior half of an earth-worm; the anterior halflived, and feparated itfelf from the dead part. From fome of thefe experiments it appears, that the more imperfeCtanimals are capable of having their heat and cold varied very confiderably,but not according to the degree of heat or cold of the furrounding me-dium in which they can fupport life; for they can live in a cold con-fiderably below the freezing point, and yet the living powers of the ani-mal will not allow their heat to be diminifhed much beyond 3 2Â° ; andwhenever the furrounding cold brings them fo low, the power of genera-ting heat takes placej and if the cold is continued, the animals exertthis power till life is

deftroyed ; after which they freeze, and are imme-diately capable of admitting any degree of cold. EXPLANATION



??? C SI3 1 explanation of the plate, A Thermometer which has the fcale fo conftrudted as to admit ofits 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 theAiding ivory fcale which embraces it, are very diftin&ly feen. a The freezing pointy which iff marked upon tkÂŠ ftcm hy a fLicUC?•l Oilthe glafs. Â? Figure II. A fide view, Showing the degrees marked near the edge:of the convex fide of the ivory fcale. The thermometer is to be adj ufted for meafuring high or low degreesof heat, by bringing any number marked upon the fcale oppofite the:freezing point* and counting either upwards or downwards. PROPOSALS



???



??? C "5 3 PROPOSALS FOR THE RECOVERY OF PERSONSAPPARENTLY DROWNED. HAVING been requeued by a principal member of the focietyeftablifhed for the recovery of perfons apparently drowned, to com-mit my thoughts on that fubjeCt to paper, I readily complied with hisrequeft, hoping, that although I have had no opportunities of making-aCtual experiments upon drowned perfons, it might be in my power tothrow fome lights on a fubjeCt fo clofely connected with the inquirieswhich, for many years, have been my favourite bufinefs and amufement.I therefore collected together my oblervations and experiments relative tothe lofs and recovery of the actions of life, which I now offer to thepublic. The practice is new, and has furnifhed as yet few importantand clear facts. If we judge of the queftion by our general knowledge ofthe animal ?“conomy, I am afraid that it is fo imperfectly understood,that our reafoning from it alone cannot be relied on : neverthelefs, on afubjeCt fo interefting to humanity, we mufl not be idle ; we muft throwout our obfervations, and reafon as well as we can from the few data wehave, in hopes that the fubjeCt, thus put fairly into the hands of thepublic, may in time, by their united endeavours, become perfectly un-derftood. I fhall confider an animal, apparently drowned, as not dead ; butthat only a fufpenfion of the aCtions of life has taken place/ This, 3 The diff?Šrence between a fufpenfion of the actions of life, and abfolute death, is wellLlluftratcd by the common fnail when drowning. If a fnail is immerfcd in

water and keptthere, certain voluntary and inftinftive actions take place ; but after , remaining a certaintime covered by the water, all thefe anions ceafe -, the animal becomes relaxed, in whichftate it naturally comes out of the ftiell, and the body appears large, giving the full fize of theanimal, but without any motion ; all its actions being fufpended, and continue to be fo tilleither the caufe of the fufpenfion is removed, or fome other ftimulus fhall bring the parts intoaftion ; but in this ftate life cannot be preferved for any confiderable length of time ; andwhen the ftimulus of death takes place, the whole animal is thrown into action, in which con-traded ftate abfolute death is produced. A ftate of relaxation Ihould therefore (in cafes wherean univerfal violence has not been committed) be confidered as a criterion of life ; and evenin them it ihould be for fome time admitted as a probable reafon for fuppofing life ftill toexift. a probably



??? probably, is the cafe in the beginning of all violent deaths, exceptthofe caufed by lightning, electricity, an univerfal (Lock, by which ab-folute death may be inflantaneoufly produced; or a blow on the ftomachwhich appears to aft in the fame way, producing abfolute death im-mediately : for in all thofe cafes which have fallen under my obferva-tion, the concomitant circumftances have refembled thofe which attenddeath caufed by lightning or electricity; fuch as a total and inftan-taneous privation of fenfe and motion without convulfions, confequentlywithout any rigor of mufcles; and the blood remaining uncoagulated;differing entirely in thefe refpeCts from what appears in perfons deprivedof fenfe and life by any injury done the brain, It feems only poffibleto account for this effedt of a blow on the ftomach, from the con-nection fubfifting between this vifcus and every part of the body, at leaftwith vital parts ; the blow mofl probably producing inflant death in thatorgan, in confequence of which the whole animal dies/ That I may more fully explain my ideas upon this fubjedt, it will beneceffary to flate fome proportions. Firft, that fo long as the animal retains the powers, though deprivedof the action of life, the caufe of that privation may frequently be re-moved ; but, when the powers of life are deftroyed, the adtion ceafes tobe recoverable. Secondly, it is neceffary to mention that I confider partof the living principle as inherent in the blood.b The lafl propofition Ihave to eftablifh is, that the ftomach lympathizes with every part of an 3 I fhould confider the

fituation of a perfon drowned to be fimilar to that of a perfon in atrance. In both the action of life is fufpended, without the power being deftroyed; but I aminclined to believe, that a greater proportion of perfons recover from trances than from drown-ing ; becaufe a trance is the natural effeft of a difpofition in the perfon to have the action oflife fufpended for a time; but drowning being produced by violence, the fufpenfion will morefrequently laft for ever, unlefs the power of life is roufed to action by fome applications of art. b That the living principle is inherent in the blood, is a do&rine which the nature of thisaccount will not allow me to difcufs : thus much however it may be proper to fay, that it isfounded on the refults of many obfervations and experiments. But it may be thought necef-fary here to give a definition of what I call the living principle : fo far as I have ufed the term,I mean to exprefs that principle which preferves the body from difTolution with or withoutaftion, and is the caufe of all its actions. animal,



??? animal, and that every part lympathizes with the ftomach; therefore,whatever adts upon the ftomach as a cordial, or roufes its natural andhealthy a&ions, and whatever affedts it, fo as to produce debility, has animmediate effedt upon every part of the body. This fympathy is ftrongeftwith the vital parts. Befides this univerfal fympathy between the fto~mach and all parts of the body, there are peculiar fymÂ?>athies j for in-ftance, the heart fympathizes immediately with the lungs. If any thingis received into the lungs, which is a poifon to animal life, fuch as in-flammable air, volatile vitriolic acid, and many other well known fub-ftances, the motion of the heart immediately ceafes, much fooner than ifthe trachea had been tied j and from experiments it appears, that anything falutary to life, applied to the lungs, will reitore the heart\'s a&ionafter it has been at reft fome time. I lhall divide violent deaths into three kinds. Firft, where a ftop isonly put to the aÂ?tion of life in the animal, but without any irreparableinjury to a vital part; which aftion, if not reftored in a certain time,will be irrecoverably loft. The length of that time is fubjedt to conli-derable variation, probably depending on circumftances with which weare at prefent unacquainted. The fecond is, where an injury is dofte toa vit^l part as by taking away blood till the powers of action are loft ;or by a wound or prefture on the brain or fpinal marrow, fufficient liferemaining in the folids, if actions could be reftored to the vital parts â€žThe third is, where abfolute death inftantly takes place in every part,

asis often the cafe in ftrokes of lightning; in the common method of kill-ing eels, by throwing them on fome hard fubftance, in fuch manner asthat the whole length of the animal fhall receive the fhock at the fameinftant; and, as I believe, happens by a blow on the ftomach; in allwhich cafes the mufcles remain flexible.8 How far that may be ftridtly confidered as a violent death, which iscaufed by affections of the mind, I will not pretend to fay; but if it is to a On the other hand, when an eel is killed by chopping it into a number of pieces, thepowers of life are by thofe means roufed into adlion; and, as every part dies in that a&iveft ate, every part is found ft iff after death. This explains the cuftom of cutting fifh intopieces while vet alive, in order to make them hard, ufually known by the name of crimping. have



??? have a place in that clafs, it muft be ranked with thofe which happenfrom lightning, and a blow on the Stomach : and in moft cafes of perfonsdrowned, I can eafily conceive the mind to be fo much affedted, prior tothe immerfion and in the moment immediately fucceeding it, as to makea material difference in the power of recovery. The prefent confideration is, which of the kinds of violent deathdrowning comes under ? I fuppofe it moll commonly comes under thefir ft; and upon that ground I fhall principally confider the fubjedt. The lofs of motion in drowning feems to arife from the lofs of ref-piration, and the immediate effedts which this has upon the other vitalmotions of the animal : except what may have arifen from the affedtionsof the mind ; however, the privation of breathing appears to be the firflcaufe; and the heart\'s motion ceafing, to be the fecond or confequent;therefore moft probably the reftoration of breathing is all that is neceffaryto reftore the heart\'s motion: for if a Sufficiency of life Still exifts toproduce that effedt, we may fuppofe every part equally ready to move thevery inftant in which the adtion of the heart takes place, their adtionsdepending fo much upon it. What makes it very probable, that in re-covering perfons drowned, the principle effedt depends upon air beingthrown into the lungs, is, what happens in the birth of children, whentoo much time has been fpent after the interruption of that life which ispeculiar to the foetus; they then lofe altogether the difpofition for thenew life; and in fuch cafes there being a total fufpenfion of

the adtionsof life, the child remains to all appearance dead, and would die, if airwere not thrown into its lungs, and by this means the firSl principle ofadtion reSlored. To put this in a ftill clearer light, I will give the refultof fome experiments which I made in the year 1755 upon a dog. A pair of double bellows were provided, conftrudted in fuch a manneras by one adtion to throw frefh air into the lungs, and by another tofuck out again the air which had been thrown in by the former, withoutmixing them together. The muzzle of thefe bellows was fixed into thetrachea of a dog, and by working them he was kept perfedtly alive.While this artificial breathing was going on, I took off the Sternum ofthe dog, and expofed the lungs and heart 5 the heart continued to adt as before,



??? before, only the frequency of its aCtion was confiderably increafed. Ithen flopped the motion of the bellows, and the heart became graduallyweaker and lefs frequent in its contraction, till it left off moving alto-gether : by renewing my operation, the heart begun again to move, atfirfl very faintly, and with longer intermifllons; but by continuing theartificial breathing its motion became as frequent and as ftrong as beforeÂ?This procefs I repeated upon the fame dog ten times, fometimes floppingfor five, eight, or ten minutes. I obferved that every time I left offworking the bellows, the heart became extremely turgid with blood, andthe blood in the left fide became as dark as that in the right; whichwas not the cafe when the bellows were working. Thefe fituations ofthe animal appear to me exactly limilar 10 drowning. The lofs of life in drowned perfons has been accounted for, by fuppo-fing that the blood rendered unfit by want of the aCtion of the air in re-lpiration, is fent in that vitiated fiate to the brain and other vital partsÂ?by which means the nerves lofe their effeCt upon the heart, and the heartin confequence its motion. This however I am fully convinced is falfe :firfl, from the experiments on the dog, in whofe cafe a large column ofbad blood, viz. all that was contained in the heart and pulmonary veinswas pufhed forward without any ill effeCt being produced; and next, fromthe recovery of drowned perfons and ftill-born children, which, underfuch circumftances, never could happen, unlefs a change of the bloodcould take place in the brain,

prior to the refloration of the heart\'s mo-tion : thefore the heart\'s motion mufl depend immediately upon the ap-plication of fuch air to the lungs, and not upon the effeCts which air hasupon the blood, and which that blood has upon the vital parts. Thefeare only fecondary operations in the animal ceconomy. However, if theaffeCtions of the mind have had any fhare in the ceffation of aCtions in theheart, that will not be fo eafily reftored as it would otherwife be : thereforein our attempts to recover perfons drowned, it might be proper to inquireif there had been time fufficient for the perfon to form any idea of hisfituation, previous to his being plunged into the water. It is more thanprobable, in fuch a cafe, that the agitated ftate of mind might aflift inkilling him; and I fhould very much doubt the probability of recovering fuch



??? fiich a perfon. In the hiftory of thofe who have, and who have not beenrecovered, could the difference be afligned to any fuch caufe, it mightlead to fomething ufeful. It frequently happens in the cafe of drowning, that affiftance cannot beprocured till a confiderable time after the accident; every moment ofwhich delay renders recovery more precarious, the chances of which arenot only diminifhed in the parts where the firft powers of aCtion princi-pally refide, but alfo in every other part of the body. In offering my fentiments on the method of treating perfons who areapparently drowned, I fhall fay firft, what I would recommend to havedone; fecondly, what I would wifh might be avoided. When affiftance is called in, i\'oon after the immerfion, perhaps blow-ing air into the lungs may be Sufficient to effect a recovery/ But if aconfiderable time, fuch as an hour, has been loft, this will feldom befufficient; the heart, in all probability, having by this time loft its niceconnection with the lungs. It will therefore be proper to apply fuchStimulating medicines, as the vapour of volatile alkali, mixed with theair ; which may eafily be done, by holding fpirits of hartfhorn in a cupunder the receiver of the bellows. I wTould advife the air and volatilealkali to be thrown in by the nofe, rather than the mouth, as the laflmode of adminiftering, by producing ficknefs, is more likely to deprefsthan roufe the living principle. It will be ftill better if it can be done byboth noftrils, as applications of this kind to the olfaCtory nerves areknown to roufe the living principle and put the mufcles of refpiration

intoadtion, and are therefore likely to excite the aCtion of the heart: BefidesaffeCtions of thefe nerves more immediately affeCt the living principle, forwhile a ftrong fmell of very fweet flowers, as orange flowers, fhall in manycaufe fainting, the application of vinegar will immediately reftore thepowers to aCtion again. All perfumes in which there is fome acid, ratherroufes than depreffes, as the fweet-brier, eifence of lemon, &c. If during a Perhaps the dephlogifticated air, defcribed by Dr. Prieftley, may prove more efficaciousthan common air. It is eafily procured, and may be preferved in bottles or bladders for thatpurpofe. the



??? the operation of the bellows, the larynx be gently prefied againft thecefophagus and fpine, it will prevent the Stomach and inteftines being toomuch diftended by the air, and leave room for the application of moreeffectual Stimuli to thofe parts. This preffure however muft be conductedwith judgment and caution, fo that the trachea and the aperture into thelarynx may both be left perfectly free. While this bufinefs is going on,an affiftant Should prepare bed-deaths, carefully brought to the properdegree of heat. I confider heat as congenial with the living principle;increafing the neceffity of adtion it increafes adtion : cold, on the otherhand, leffens the neceffity, and of courfe the adtion is diminished; to adue proportion of heat, therefore the living principle owes its vigour. From obfervations and experiments it appears to he a law of nature inanimal bodies, that the degree of external heat Should bear a propor-tion to the quantity of life; as it is weakened, this proportion requiresgreat accuracy in the adjuftment ; while greater powers of life allowr itgreater latitudes/ I was led to make thefe obfervations by attending to perfons who arefroft-bitten ; the effedt of cold in this cafe being that of leffening the livingprinciple. The powers of adtion remain as perfedt as ever, only weakened;and heat is the only thing wanting to put thefe powers into adtion ; yetheat muft at firit be gradually applied, and proportioned to the quantity ofthe living principle; but as that increafes you may increafe the degree ofheat. If this method is not obferved, and too great a

degree of heat isat firft applied, the perfon or part lofes entirely the living principle, andmortification enfues. This procefs invariably takes place with regard tomen. The fame thing, I am convinced, happens to other animals. Ifan eel, for inftance, is expofed to a degree of cold Sufficiently intenfe tobenumb it till the remains of life are fcarcely perceptible, and ftill re-tained in a cold of about 400 ; this fmall proportion of living principle. will continue for a considerable time without diminution or increafe; but a It is upon thefe principles that cold air is found of fo much fervice to people who arereduced by difeafe, as the confluent fmallpox, and fevers, by diminishing heat in proportion tothe diminution of life ; or lefieaing the neceffity of the body\'s producing its own cold. R if



??? if the animal is afterwards placed in a heat about 60 after fhowingftrong figns of returning life, it will die in a few minutes. Nor is thiscircumftance peculiar to the diminution of life by cold. The fame phe-nomena take place in animals who have been very much reduced byhunger. If a lizard, or fnake, when it goes to its autumnal hiding place, is notfufficiently fat, the living powers become, before the feafon permits itto come out, very confiderably weakened, perhaps fo much as not to beagain reftored. If animals, in fuch a ftate, are expofed to the fun\'s rays,or placed in any fituation which by its warmth would give vigour tothofe of the fame kind, poftefled of a larger fhare of life, they will im-mediately ihow figns of increafed life, but quickly fink under the experi-ment and die; while others, reduced to the fame degree of weaknefs, asfar as appearances can difcover, will live for many weeks, if kept in adegree of cold proportioned to the quantity of life they poftefs. I obferved many years ago, in fome of the colder parts of this illand,that when intenfe cold had forced blackbirds or thrufhes to take fhelter inout-houfes, any of them that had been caught, and from an ill-judgedcompanion expofed to a confiderable degree of warmth, died very foon.The reafon of this I did not then underftand but I am now fatisfiedthat it was owing, as in other inftances, to the degree of heat being in-creafed too fuddenly for the proportion of life remaining in the animal. From thefe fadts it appears, that warmth caufes a greater exertion ofthe living powers than cold; and that an

animal in a weakly ftate maybe obliged by it to exert a quantity of the adtion of life fufRcient to deftroythe very powers themfelves.a The fame effedts probably take place evenin perfedt health. It appears from experiments made in a heated room,that a perfon in health, expofed to a great degree of heat, found the ac-tions of life accelerated fo much as to produce at laft faintnefs and debility .b If bed-cloaths are put over the drowned perfon fo as fcarce to touchhim. fteam of volatile alkali, or of warm balfams and elfential oils, may a It is upon this principle that parts mortify in confequence of inflammation. * Vide Phil. Tranf. for the year 1775, vol. 65. p.. in.. be



??? be thrown under fo as to come in contact with many parts of his body.It will certainly prove advantageous if the fame fleams can be conveyedinto the llomach, as that feat of univerfal fympathy will be roufed by fuchmeans. This may be done by a hollow bougie and a fyringe ; but theoperation fhould be performed with all poffible expedition, becaufe theinftrument, by continuing in the mouth, may produce ficknefs, an effedtI fhould chufe to avoid. Some of the ftimulating fubflances, which areof a warm nature, and have an immediate effedt, may be thrown into theftomach in a fluid ftate, viz. as fpirits of hartfhorn, peppermint-water,juice of horfe-raddifh, and many others which produce a more laftingftimulus, as balfams and turpentines, which are found to quicken thepulfe of a man in health ; but the quantity muft he fmall, ay they havea tendency to produce ficknefs. The fame fleam and fubflances fhouldalfo be thrown up by the anus. The procefs recommended under thefirfl head of treatment fhould flill be continued, while that recommendedunder the fecond is putting in practice, as the lafl is only an auxiliary tothe firfl. The firfl, in many cafes, may fucceed alone; but the fecondwithout the firfl muft, I think, always fail where the powers of life areconfiderably weakened. Motion may poftibly be of fervice, it may atleaft be tried; but, as it has lefs effedt than any other of the ufually pre-fcribed ftimuli, it fhould be the lafl part of the procefs.a I would recom-mend to the operator the fame care in regulating the proportion of everyone of

thefe methods, as I did before in the application of heat; as everyone of them may poflibly have the fame property of entirely deftroyingthe feeble action which they have excited, if adminiftered in too great aquantity; inftead therefore of increasing and haftening the operations onthe firfl figns of returning life being obferved, as is ufually done, I fhouldwith them to be leffened, that their increafe afterwards may be directed, a Electricity has been known to be of fervice, and fhould be tried when other methodshave failed. It is probably the only method we have of immediately ftimulating the heart;all other methods being more by fympathy. I have not mentioned injecting ftimulating fub-flances direftly into the veins, though it might be fuppofed a proper expedient; becaufe, inlooking over my experiments on that fubject, I found none where animal life received increafeby that method. R 2 as



??? as nearly as poflible, by the quantity of powers as they arife. As theheart is commonly the laft part that ceafes to aft, it is probably the firftpart that takes on the adtion of recovery. When it begins to move, Iwould advife leffening the application of air to the lungs, and enjoin ob-ferving with great attention when the mufcles of refpiration begin to adt,that our endeavours may not interfere with their natural exertions ; yetthat we may be ftill ready to aflift. I would by all means difcourageblood-letting; which I think weakens the animal principle, and life itfelf,confequently leffens both the powers and difpofitions to action : and Iwould advife to be careful not to call forth any dilpofition that mightdeprefs, by introducing any thing into the ftomach, which ordinarily cre-ates naufea, as that alfo will have a fimilar effedt, except it can be carriedfo far as to relieve itfelf by exciting vomiting, and would therefore avoidthrowing any thing in by the anus which is likely to produce an evacu-ation that way, as every fuch evacuation alfo tends to leflen the animalpowers : I have purpofely avoided fpeaking of the fumes of tobacco*which always produce ficknefs or purging, according as they are applied. Whoever is appointed for the purpofes of recovering drowned perfons,Should have an affiftant, well acquainted with the methods intended tobe made ufe of; that while the one is going on with the firft and mollfimple methods, the other may be preparing what elfe may be neceiTary,fo that no time may be loft between the operations; and the more fo, asthe firft means

recommended, will, in all cafes, afiift the fecond, and bothtogether may often be attended with fuccefs, though each feparately mighthave failed. A proper apparatus is alfo eflentially neceftary to the inftitution, a de-fcription of which I here annex. Firft, a pair of bellows, fo contrivedwith two feparate cavities, that by expanding them, when applied tothe noftrils or mouth of a patient, one cavity may be filled with thecommon air, and the other with air fucked out from the lungs ; and byShutting them again, the common air may be thrown into the lungs, andthat which is fucked out of the lungs be difcharged into the room. Thepipe of thefe Should be flexible, in length a foot or a foot and a half, andat leaft three-eighths of an inch in width; by this the artificial breathing may



??? may be continued, while the other operations, except the application ofthe ftimuli to the ftojmach, are going on, which cannot conveniently bedone if the muzzle of the bellows be introduced into the nofe. The endnext the nofe Ihould be double, and applied to both noftrils. Secondly,a fyringe, with a hollow bougie, or flexible catheter, of fufficient lengthto go into the ftomach, and convey any Simulating matter into it, with-out affedting the lungs. Thirdly, a pair of fmall bellows, fuch as arecommonly ufed in throwing fumes of tobacco up the anus, by whichSimulating fluids, or even fumes may be thrown in. I {hall conclude this account by propofmg, that all who are employedIn this practice be particularly required to keep an accurate journal of themeans ufed, and the degree of fuccefs attending them 5 whence we maybe furnifhed with fadts fufficient to enable us to draw conclufions, onwhich a certain pradtice may hereafter be eftablifhed* ON



???



??? ON THE STRUCTURE OF THE PLACENTA, jeCt, has in every age, in which fcience has been cultivated, calledforth the attention of the anatomift, the phyfiologift, and even the phi-lofopher â€?> but both that connection, and the itruCture of the parts whichform the connection, were unknown until about the year 1754. ThefubjeCt is certainly moft interefting, and the difcovery important; and itis my intention, in the following pages, to give fuch an account of it asI hope may be acceptable to the public while, at the fame time, Ieftablifh my own claim to the difcovery. But that I may not feem toarrogate to myfelf more merit than I am entitled to, .let me, in julticeto another perfon, relate what follows. The late indefatigable Dr. Mc. Kenzie, about the month of May1754, when affiltant to Dr. Smellie, having procured the body of apregnant woman, who had died undelivered at the full term, had injeCtedboth the veins and arteries with particular fuccefs; the veins being filledwith yellow, the arteries with red.b Having opened the abdomen, and expofed the uterus ; he made an in-eifion into the fore part, quite through its fubfiance, and came to fome-what having the appearance of an irregular mafs of injeCted matter,which afterwards proved to be the placenta. This.appearance being new,he flopped, and greatly obliged me, by defiring my attendance to examinethe parts, in which there appeared fomething lo uncommon. This ex-amination was made in his. prefence, and in the prefence of feveral other a This paper was read at the Royal Society; hut as the fails had, before

that, time, beengiven to the public, it was not publifhed in the Philofophical Transactions. HE connexion between the mother and foetus in the human fub- b Dr. Mc. Kenzie being then an affiftant to the late Dr. Smellie, his procuring and di,Test-ing\' this woman, without Dr.. Smellie\'s knowledge, was the caufe of a .feparation betweenthem : for the leading fteps to fuch a difcovery could not be kept a fee ret. The winter fol-lowing, Dr. M.c. Kenzie began to teach, midwifery in the Borough of Southwark. gentlemen



??? gentlemen whole names I have now forgotten; but I have reafon tobelieve that fome are fettled in this country, and I hope will have anopportunity of perufing this publication/ I firft raifed, with great care, part of the uterus from the irregularmafs above mentioned; in doing which I obferved regular pieces of waxpaffing obliquely between it and the uterus, which broke off, leaving partupon this mafs ; and when they were attentively examined, towards theuterus, plainly appeared to be a continuation of the veins paffing from itto this fubftance or placenta. I likewife obferved other veffels, about the fize of a crow-quill, paffingin the fame manner, although not fo obliquely ; thefe alfo broke uponfeparating the placenta and uterus, leaving a fmall portion on the furfaceof the placenta and on examination they were difcovered to be contin-uations of the arteries of the uterus. My next ftep was to trace thefeveffels into the fubftance of what appeared placenta, which I firft at-tempted in a vein ; but that foon loft the regularity of a veffel, by termi-nating at once upon the furface of the placenta in a very fine fpongy fub-ftance the interftices of which were filled with the yellow injectedmatter. This termination being new, I repeated the fame kind of exa-mination on other veins, which always led me to the fame terminations,never entering the fubftance of the placenta in the form of a veffel. I a If I fhould be fo fortunate as to have this publication fall into any of thofe gentlemenshands, I hope they will favour me with their opinion of my ftate of the facts, which led tothe difcovery. It

may be fufpected by fome, (but none I hope to whom I have the pleafure of beinc;known) that I am not doing Dr. Mc. Kenzie juftice, and am perhaps fuppreffing fome partof that fhare of the difcovery to which he is entitled. This idea, (if ever it ftiould arife) Imay probably not be able to remove; but I hope it will alfo be feen, that I myfelf have givenrife to it; believing, if I had been fo inclined, that I might have fupprefled Dr. Mc. Kenzie\'sname altogether, without ever running the hazard of being detected. I was indeed fo tena-cious of my claim to the difcovery, that I wrote this account in Dr. Mc. Kenzie\'s life-time,with a defign to publiih it; and often communicated my intentions to Dr. George Fordyce,who I knew was very intimate with the Doctor, in confequence of both teaching in the fameplace, and making many experiments together 3 therefore he is a kind of collateral witne%that what I now publifh is the fame account which I gave in Dr. Mc. Kenzie\'s life-time. next



??? next examined the arteries, and tracing them in the fame manner towardthe placenta, found that they made a twift, or dole fpiral turn uponthemfelves, and then were loft on its furface. On a more attentive view, Iperceived that they terminated in the fame way as the veins; for oppofiteto the mouth of the artery, the fpongy fubftance of the placenta wasreadily obferved, and was intermixed with the red injection. Upon cutting into the placenta, I difcovered in many places of itsfubftance, yellow injection ; in others red, and in many others theie twocolours mixed. This fubftance of the placenta, now filled with injec-tion, had nothing of the vafcular appearance, nor that of extravafation,but had a regularity in its form which fhowed it to be a natural cellularftrudture, fitted to be a refervoir for blood. In fome of the veins leading from the placenta to the uterus, I per-ceived that the red injection of the arteries, (which had been firft inje&ed)had palled into them out of the fubftance of the placenta, mixing itfelfwith the yellow injection. I alfo obferved, that the fpongy chorion,called the decidua, by Dr. Hunter, was very vafcular, its veffels comingfrom and returning to the uterus, being filled with the different colouredinje&ions. After having confidered thefe appearances, it was not difficult for meto determine the real ftrudture of the placenta and courle of the blood inthefe parts; but the company, prejudiced in favour of former theories,combated my opinion; and it was even difputed, whether or not thefecurling arteries could carry red blood. After having dilTefted the uterus,with the

placenta and membranes, and made the whole into preparations,tending to fhow the above fails, I returned home in the evening, andcommunicated what I had difcovered to my brother, Dr. Hunter, who atfirft treated it and me with good humoured raillery; but 011 going withme to Dr. Mc. Kenzie\'s, was foon convinced. Some of the parts weregiven to him, which he afterwards fhowed at his le&ures, and prob-ably they ftill remain in his colle&ion. Soon after this time, Dr. Hunter and I procured feveral placentas, tofee if after delivery the termination of the veins, and the curling arteries,could be obferved : they were difcernible almoft in every one j and by S pu (Ling



??? pufhing a pipe into the placenta, we could fill not only its whole iub-ftance, but alio the veffels on that furface which was attached to theuterus. The facts being now afcertained, and univerfally acknowledged, Iconfider myfelf as having a juft claim to the difcovery of the ftru&ure ofthe placenta, and its communication with the uterus j together with theufe arifing from fuch ftrudtu-re and communication, and of having fir ftdemonftrated the vafcularity of the fpongy chorion. It is not neceffary at prefent to enter into the various opinions whichhave been formed on this fabjeft; becaufe, whatever they were, theycould not be juft, the ftrudxire of the parts not being known : neitherfhall I endeavour to give a complete defcription of all the parts imme-diately connected with uterine geftation, but (hall content myfelf with de~{bribing the ftrudture of the placenta, as far as it has any relation to theuterus and child; and with explaining the connection between the two;leaving the reader to examine what has been faid upon this fubject byothers, efpecially by Dr. Hunter, in that very accurate and elaboratework which he has publiihed on the Gravid Uterus, in which he hasminutely defcribed, and accurately delineated the parts, without mention-ing the mode of difcovery. The neceffary connexion fabfifting in all animals between the motherand foetus, for the nourifhment of the latter, as far as I know, takesplace in two ways. In fome it is continued, and fublifts through thewhole term of geftation ; in others the union is foon diffolved, but anapparatus is provided,

which at once furnifhes what is fufficient for thefupport 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 modes by which they pro-duce the fame effedt.a In the firft divifion is included the human fpecies, a It may be remarked here* that the oviparous admit of being diftinguifhed into two clafTes,one where the egg is hatched in the belly, as in the viper, which has been commonly calledviviparous ; the others, where the eggs have been firft laid and then hatched, which is theclafs commonly called oviparous, fuch as all the bird tribe, and many others, as fnakes,lizards, &c, which



??? which alone will engage our prefent attention. But before I defcribe thisconnection, it may be neceffary that the reader fhould understand my ideaof generation : I Shall therefore refer him to what I have faid upon thatfubjeCt in my account of the free martin/ In the human fpecies the anatomical Structure of the mother and em-bryo, relative to f?“tation, being well known, it will only be neceffatyfully to defcribe the nature of that connection between them, which isformed by the intermediate fubStance, called placenta. For this purpofewe muft firlt confider the placenta as a common part ; next, the uterus,as belonging to the mother, yet having an immediate connection withthe placenta, from which the nourishment of the f?“tus is to be derived ;which will lead us laftly to a consideration of thofe peculiarities by whichthe foetus is to receive its nourifhment, and that conftitute its imme-diate communication likewife with the placenta. It is the Structure ofthis intermediate fubStance, and its connection with the child and theuterus of the mother, which have hitherto been fo little understood ;and without an accurate knowledge of which, it was impoffible any juStidea could be formed of its functions. The placenta is a mafs lying nearly in contaCt with the uterus ; indeedit may in fome degree be faid to be in continuity with a part of its internalSurface. On the Side applied to the uterus the placenta is lobulated,having deep irregular fiffures ; but all thefe lobes are united into one uni-form furface next to the child, on which its umbilical veffels ramify.When we cut

into the placenta, its whole fubfiance appears to be little elfethan a net-work, or Spongy mafs, through which the blood veffels of thefoetus ramify, and indeed it leems to be principally formed by the ramifi-cations of thofe veffels ; exhibiting hardly any appearance of connectingmembrane : but we can hardly fuppofe it to be without fuch a mem-brane, as there is fo much regularity in its texture. The cella, or inter-stices of each lobe communicate with one another, even much more freelythan thofe of the cellular membrane in any other part of the body ; fothat whatever fluid will pafs in at one part, readily diffufes itfelf through the a Vide page 45.S Z



??? the whole mafs of placenta, and all the cells have a communication atthe common bafe. This ftrudture of the placenta, its reciprocal communication with thetwo bodies with which it is immediately connected, and the ufe arifingfrom this arrangement, form the union between the mother and fetusfor the fupport of the latter. Prior to the time I have mentioned above,anatomifts feem to have been wholly unacquainted with this ft rue -ture-of placenta. By notes taken from Dr. Hunter\'s lediures, in thewinter, 1755-6, it appears that he exprefled himfelf in the followingmanner.3 " The fubftance of the placenta is a flefhy mafs, whichfeems to be formed entirely of the veflels of the umbilical rope." Inanother part, mentioning the appearances when injedted, he fays, " andupon a flight putrefadtion coming on, you will find the whole appear-ing like a mafs of veflels"; then fays, " there is always a white uninjedtedfubftance between the veflels, but whether lymphatics or what I cannottell." This uninjedted fubftance, mentioned by Dr. Hunter, is whatforms the cellular ftrudture. The placenta feems to be principally compofed of the ramifications ofthe veflels of the embryo, and may have been originally formed in con-fequence of thofe next to the uterus laying hold by a fpecies of animalattraction of the coagulable lymph which lines the uterus. This mighttake place in a manner refembling what happens when the root of aplant fpreads on the furface of moift bodies ; with this difference, that inthe prefent inftance the veflels form the fubftance through which theyramify,

as in the cafe of granulations. At the time, or very probably before the female feed enters the uterus*coagulable lymph, from the blood of the mother, is thrown out everywhere on its inner furface, either from the ftimulus of impregnation takingplace in the ovarium, or in confequence of the feed being expelled fromit. When the feed has entered the uterus,, it attaches itfelf to that a Thefe quotations were taken from Mr. Galhie\'s MS. of Dr. Hunter\'s leflures, who isone of the gentlemen that favoured Dr. Hunter, upon a former occafionj with the fame ufe ofhis notes. Vide Dr. Hunter\'s Commentaries.. lymph



??? lymph, by which it becomes covered and immediately furrounded.aThis coagulable lymph forms a foft pulpy membrane, the decidua,which is, I believe, peculiar to the human fpecies, and to monkeys,having never found it in any other animal. That part which covers thefeed or f?“tus, where it is not immediately attached to the uterus, andlikewife forms a membrane, was difcovered by Dr. Hunter, and isby him called decidua reflexa. The whole of this coagulable lymphcontinues to be a living part for the time; the velfels of the uterusramify upon it ; and where the velfels of the f?“tus form the placenta,there the velfels of the uterus, after paifing through the decidua, openinto the cellular fubftance of the placenta, as before defcribed. As thismembrane lines the uterus and covers the feed, it is ftretched out, andbecomes thinner and thinner, as the uterus is diftended by the f?“tusgrowing larger, efpecially that part of it, called decidua reflexa, whichcovers the f?“tus, as there it cannot pofiibly acquire any new matter,except we could fuppofe that the foetus af?Ž?Žfted in the formation of it.This membrane is moft diftinCt where it covers the chorion 3 for whereit covers the placenta it is blended with coagula in the great veins thatpafs obliquely through it, more efpecially all round the edge1 where in-numerable large veins come out ; but the chorion and decidua can beeafily diftingui&ed from one another, the decidua being lefs elaftic. From the defcription now given, I think we are juflified in fuppofingthe placenta to be formed entirely by the f?“tus, and the

decidua to bea produdion of the mother ; and an additional proof of both thefe maybe drawn from the circumflance of the decidua paffing between the pla-centa and uterus. For if the veffels of the f?“tus branched into a part ofthe decidua, we might conceive the whole placenta to be formed fromthat exudation ; the portion of it where the veffels had ramified, like theroots of a plant, becoming thicker than the reft, and forming the npla~centa. If that were the cafe, this membrana decidua, when traced fromparts diftinCt, and at a diftance from the placenta, fhould be plainly feen 3 This is exactly fimilar to another operation in the animal ceconomy. If an extraneousliving part is introduced into any cavity, it will be immediately enclofed with coagulablelymph. Thus we find worms inclofed, hydatids detached, and afterwards inclofed. paffing



??? paffing into its fubftance all round at the edges, as a continuation of it.But the fact is quite otherways -, for the decidua can be diftinftly tracedbetween the placenta and uterus, hardly ever paffing between the lobuli :the veffels of the f?“tus never entering into it, and of courfe none ofthem ever coming in abfolute con tad: with the uterus. The veffels of the f?“tus adhering, by the intervention of the decidua,to a certain fpace of the uterus when both are yet fmall, as the uterusincreafes in every part of its furface during the time of uterine geftation,we muft fuppofe that this furface of adhefion increafes alfo ; and that bythe elongation of thofe veffels of the f?“tus in every direction, this fub-ftance fhould like wile be increafed in every direction : this is in fomedegree the cafe, yet the placenta does not occupy fo much of the enlargedfurface of the uterus as one at firft would expe?Št. The veffels of the uterus in the time of the geftation, are increafed infize nearly in a proportion equal to the increafed circumference of theuterus, and confequently-in a proportion much greater than the real in-creafe of its fubftance. But when we refledt that the uterus ought notto be confidered as hollow, but as a body nearly folid, on account ofits contents, which derive fupport from this fource and that a muchgreater quantity of blood muft neceffarily pafs than what is required forthe fupport of the vifcus itfelf, we cannot be at a lofs to account for thegreatly increafed fize of its veffels. The arteries of the uterus which are not immediately employed in con-veying nourishment to it, go

on towards the placenta, and proceeding;obliquely between it and the uterus, pafs through the decidua withoutramifying ; juft before they enter the placenta, making two or three clofefpiral turns upon themfelves, they open at once, into its fpongy fubftancewithout any diminution of fize, and without paffing beyond the furfaceas above defcribed. The intention of thefe fpiral turns would appear tobe that of diminishing the force of the circulation as it approaches thefpongy fubftance of the placenta, and is a ftru?Šture which muft leffenthe quick motion of the blood in a part where a quick motion of thisfluid was not wanted. The fize of thefe curling arteries at this termina-tion is about that of a crow\'s quill. The



??? The veins of the uterus appropriated to bring back the blood fromthe placenta, commence from this fpongy fubftance by fuch wide begin-nings as are more than equal to the fize of the veins themfelves. Thefe O } 1 veins pafs obliquely through the decidua to the uterus, enter its fubftanceobliquely, and immediately * communicate with the proper veins of theuterus. The area of thofe veins bear no proportion to their circumference,the veins being very much flattened. This ftrudture of parts points out at once the motion of the blood inthe placenta ; but as this is a fadt but lately afcertained, a juft idea mayperhaps be conveyed by faying, that it is flmilar, 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 foetus -, and is then returned back intothe courfe of the circulation of the mother to pafs on to the heart. This ftrudture of the placenta, and its communication with the uterus,leads us a ftep further in our knowledge of the connection between themother and f?“tus -, the blood of the mother muft pafs freely into the fub-ftance of the placenta, and the placenta moft probably will be conftantlvfilled ; the turgidity of which will aflift to fqueeze the blood into themouths 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 areof much greater extent than the arteries which convey the blood, themotion of the blood in that part muft be fo much

diminifhed as almoftto approach to ftagnation ; fo far and no further does the mother appearto be concerned in this connection. The foetus has a communication with the placenta of another kind.,The arteries from the f?“tus pafs out to a confiderable length, under thename of the umbilical chord, and when they arrive at the placenta,ramify upon its furface, fending into its fubftance branches which pafsthrough it, and divide into final 1er and fmaller, till at laft they terminatein veins ; thefe uniting become larger and larger, and end in one, whichat laft terminates in the proper circulation of the f?“tus. This courfe of veflels, and the blood\'s motion in them, is fimilar to thecourfe of the veflels and the motion of the blood in other parts of the body, OBSERVATIONS



??? OBSERVATIONS ON THE PLACENTA OF THE MONKEY. Monkeys always copulate backwards; this is performed fometimeswhen the female is Standing on all-fours ; and at other times the malebrings her between his thighs when he is fitting, holding her with hisfore paws. The female has her regular periods for the male, but fhe has commonlytoo much complaifance ever to refufe him. They carry this Still further,for they receive the male when with young, even when pretty far gone;at leaft this was the cafe with the one I am going to give an account of. A female monkey, belonging to Mr. Enderfbay, in the fummer 1782,had frequently taken the male. The keeper obferved that after the 21ftof June fhe became lefs lively than ufual, although it was not fufpedtedthat fhe had conceived. However, fome time after, fhe appeared to bebigger in the belly, which created a fufpicion of her being with young.Great attention was paid to her, and great care was taken of her. Shewent on gradually increafing in fize, and at laft fomething was obfervedto move in her belly at particular times, and the motion could even befelt through the abdominal mufcles. She became indolent, and did notlike to leap or perform her ufual feats of activity. Towards the latterpart of the time they perceived the breaft and nipple to have become ra-ther fuller; and that a kind of water could be fqueezed out at the nipple.Some time before fhe brought forth, fhe \'became red about the hips andpofleriors; which rednefs extended to the infide of the thighs, and Itwas now certain fhe was with

young. I defired that fhe might be parti-cularly attended to when there were figns of approaching delivery, bothon her own account and that of the young one, and requefted the after-birth might be carefully preferved, as that part would afliffc to afcertainthe mode of uterine geftation. Thefe directions were attentively followed;and when in labour it was obferved, that fhe had regular pains; thatwhen the young one was in part come into the world, fhe affifted herfelfwith her fore paws; and that it came with the hind parts firft. This happened



??? happened on the 15th of December 1782, in all about fix months afterconception j and when fhe brought forth her young one, it fhowedfigns of life, but died immediately, owing probably to the unfavourablemode of its being brought into the world. When delivered, Ihe took theyoung one up, and although it was dead, clafped it to her breaft. The after-birth was preferved entire, and was perfectly fit for exami-nation. It confifted of placenta, with the membranes and navel firing,which all very much refembled the correfponding parts in the humanfubjed, as will now be defcribed. The placenta had the appearance of being divided into two oblongbodies, united by their edges, each terminating in an obtufe point at theother end, which were of courfe at fome little diftance from one another. It is probable, that thefe two points were placed towards the openingsof the Fallopian tubes, where the uterus a flumes a form refemblmg twoobtufe horns. The two lobes above mentioned, were made up of fmaller ones,united clofely at their edges, which were more apparent and diftind atfome parts than at others. Some of thefe lobes were divided by fiffureswhich feem to be derived from one centre; while there were others nearthe edges, palling in a different direction : in which fiffures are placedveins or finufes that receives the blood laterally from the lobes. The fub--ilance of the placenta feems to be cellular, as in the human fubjed; thisftrudure allows a communication to be kept up between different partsof each lobe, and the finufes allowing of a communication

between thedifferent lobes of which the placenta is compofed, and the blood paffesinto the fiffures before it enters the veins ; in which refped it differs from,the human placenta. The arteries from the uterus, on the furface of the placenta, weredfible, but too fmall to be injeded y I cannot therefore fay how theytreminated in the placenta. The principal veins in general arofe from the fiffures beginning fromthe furface, as in the human placenta; but befides thefe, there were otherImall ones, all which we may fuppofe pafs through, the decidua and; T enter



??? enter the fubflance of the uterus, mod probably in the fame way as inthe human. The membranes are the amnios, the chorion, and the membrana deci-dua. Theie appear to be very much the fame as in the human, exceptthat the decidua is conliderably thicker, efpecially where it paffes betweenthe uterus and the placenta. The navel firing in the monkey is not proportionally fo long as in thehuman ; and is very much, and very regularly twilled. There is no urachus, and of courfe no allantois, not even the fmallligament that appears to be a drawing in of the bladder at its attachmentto the navels the bladder here being rounded. EXPLANATION



???



???



??? EXPLANATION OF THE PLATEÂ? APart of a uterus at the ninth month of utero-geftation, with aportion of the placenta, to fhow the mode in which the blood-velTels of the mother communicate with it. A The fubftance of the uterus, feparated from the placenta, and turnedback. B The furface of the placenta by which it is attached to the uterus,covered by the decidua. C The angle of reflection, 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 direction, filled with wax, and brokenoff where they pais through the decidua.a a a a The arteries injected and broken off as they pafs from the uterusto the placenta. b b b b The continuation of thefe arteries, which make feveral fpiralturns as they dip into the decidua, and afterwards terminate on the furface of the placenta.cc-cg The veins injected and broken off where they pafs into the fub-ftance of the uterus,d d d d The correfponding portions of the fame veins, where they pafs from the placenta through the decidua.eeee The blood-veffels, ramifying upon the decidua, broken off fromthe uterus, 1 â€? â€?â– . OBSERVATIONS



???



??? OBSERVATIONS ON THE GILLAROO TROUT,COMMONLY CALLED IN IRELAND THEGIZZARD TROUT. ONE of the digeftive organs of this trout being fo very remarkableas to have given name to the fifh, and to be looked upon as itsdiftinguifhing charadteriftic ; it will be necefTary to take a general view ofthe varieties in the digeftive organs of animals, to be able to determinewhat place the ftomach of this particular trout holds among them, andto throw fame light upon the queftion, whether its refemblance to agizzard be fuch, as to render the name of gizzard trout a proper appel-lation. For this purpofe let me ft ate fome general faÂ?ts. Food of ani-mals may be divided into two kinds, what does, and what does notâ€žrequire maftication to facilitate digeftion. All animal food is of thislatter kind. But grain, and many other fubftances which ferve for ali-ment, require a previous grinding or trituration ; and therefore animalswhich live on fuch food are furnifhed with organs for that purpofe,Granivorous quadrupeds have the two powers, for maftication and di-geftion, feparate or diftinft from one another ; the fir ft being executed bya fet of teeth of a particular form, which ferve as fo many grindftones forreducing their food to a powder, before they convey it into the ftomachfor digeftion. When fo prepared, it is, with regard to the digeftivepower, rendered fimilar to animal food : therefore in many fuch animals,the ftomach is fimilar to that of the: carnivorus y and whenever theftomach in granivorous quadrupeds departs from this general

rule, thereis a Angularity in the operations of digeftion. Such birds as live uponfood, 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 peculiarly conftructed for that purpofe. In granivorousbirds therefore one lingle organ anfwers both to the teeth and ftomachof granivorous quadrupeds, and confequently the gizzard alone of birds T 2 will



??? will point out the food of the fpecies as clearly as the teeth and ftomaehtogether do in thofe animals in which the two offices of maftication andand digeftion are not joined together in the fame part. As it appears then to be the difference of the ftomachs only, that fitsbirds for their different kinds of food, it is evident that every gradation offtomaeh muft be found among them, from the true gizzard which is oneextreme, to the mere membranous ftomaeh which is the other fince thefood of different fpecies is of every different kind, from the hardeft grainto the fofteft animal matter. In confequence of this, it muft be as diffi-cult to determine the exadt limits of the two different confirmations, towhich the names of gizzard and ftomaeh fpecifically belong, as, in any-other cafe, to diftinguifh proximate fteps in the flow and imperceptiblegradations of nature. The two extremes of true gizzard, and membranous ftomaeh, are eafilydefined; but they run fo into each other, that the end of one and thebeginning of the other are quite imperceptible. Similar gradations areobferved in the food; the kinds fuited to the two extremes mixing toge-ther in different proportions, adapted to the intermediate ftates of ftomaeh. A true gizzard is compofed of two ftrong mufcles placed oppofite, anda&ing upon each other, as two broad grindftones. Thefe mufcles arejoined together at their fides by a middle tendon, into which the mufcularfibres are inferted, and which fdrms the narrow anterior and pofterior fidesof the flat quadrangular cavity, in which the grinding is performed. Theupper end

of this cavity is filled up by the termination of the cefophagus,and the beginning of the inteftine. The lower end confifts of a thinmufcular bag connecting the edges of the two mufcles together. By thefe two fofter and flexible fubftances being thus interpofed be-tween the two ftrong grinding mufcles, a double advantage is gained ; forwhilft one gives an eafy paflage to the cefophagus! and gut, they both aCt,in fome degree, as a hinge, on which the two mufcles may be faid tomove, by means of the middle tendon allowing of a free motion of thegrinding furfaces on each other, which is neceffary for the comminutionof food. The



??? The two flat lateral fides of the grinding cavity are lined with a thickhorny fubftance flmilar to a hard and thick cuticle : the narrow anteriorand pofterior tendinous parts are alio lined with a cuticle, but not foftrong as the former: this horny fubftance is gradually loft at one endin a very thin cuticle, which lines the paflages of the oefophagus andInteftine for a little way; and at the other end is loft in the fame mannerin the membranous bag. The two large mufcles may be considered as a pair of jaws, wholeteeth are taken in occafionally, being fmall rough ftones or pebbles whichthe animal fwallows : and from the feeling on the tongue, it can diftin-guifh fuch of thefe as are proper, from thofe which are fmooth or other-ways unfit for the purpofe, which laft it inftantly drops out of its mouth. Some birds, with gizzards, have a craw or crop alfo, which ferves asa refervoir, and for foftening the grain; but as all of them have not thisorgan, it is not to our prefent purpoie. There are other animals befides that clafs of birds, which mafticatetheir food in their ftomach, but their teeth are placed there by nature:crabs and lobfters are of this kind. The gradation from gizzard to ftomach is made by the mufcular fidesbecoming weaker and weaker, and the food keeps pace with this change,varying gradually from vegetable to animal. In one point of view there-Â?fore food may be confidered as a firft principle, with refped to which thedigeftive powers, with their appendages, are as fecondary parts, beingadapted to and determined by the food, as the primary object.

We find then that in granivorous animals of all forts, there is an ap-paratus for the maftication of the food, although of different kinds anddifferently placed. But in true carnivorous animals of whatever tribe,maftication is not fo neceflary, and therefore they have no apparatus forthat purpofe. The teeth of fuch quadrupeds, as are carnivorous, fervechiefly to procure food and prepare it for deglutition. The fame thingholds in the true carnivorous bird, the office of whofe beak and talons iÂ?to procure the aliment, and fit it for deglutition, correfponding in thisrefpect to the teeth of the others. Applying this to fifh, it feems, at firftfight, that there is no occafion in them for that variety of ftru&ure in the digeftive



??? digeftive organs, which is found in the before mentioned quadrupeds andbirds ; the food of fifh being principally of one fort, namely, animal,which however with regard to the digeftive powers, is to be diftinguifhedinto two kinds, viz. common foft fifh and fhell-fifh. Such fifh as liveon the fir ft kind, have like the carnivorous quadrupeds and birds, noapparatus for maftication ; their teeth being intended merely for catchingthe food and fitting it to be fwallowed. But the fhells of the fecondkind of food render fome degree of mafticating power neceffary, and ac-cordingly we find in certain fifh a ftrufture fuited to this purpofe. Thus the mouth of the wolf-fifh is almofl paved with teeth, by meansof which it can break any fhells to pieces, and fo effectually difengagethe food for digeftion, that though it lives upon fuch hard food, theftomach does not differ from that of other fifh : the organs of mafticationand digeftion therefore in this animal exaÂ?tly correfpond to thofe of manygranivorous quadrupeds. Other fifh, on the contrary, approach nearer to the ftruCture of birds,in having their ftomach furnifhed with fome degree of mafticating power;this in many is very imperfect, compared with the gizzards of fowls,though perhaps the difference is fuch only as the difference of food willproperly allow: for in thofe fifh who have this power, the food beingHill animal; and in general but imperfe&ly covered with the fhell, it per-haps wants only to be broken ; however, in the bulla lignaria of Lin-naeus, this apparatus is more perfedt, confifting of two bones, which wemuft fuppofe capable

of grinding hard fhells; whereas the food ofgranivorous birds requires to be ground into a kind of meal.. Of all the fifh I have feen, the mullet is the cleareft inftance of thisitrudture 3 its ftrong mufcular ftomach being evidently adapted, like thegizzard of birds, to the two offices of maftication and digeftion. Theftomach of the fifh now before us holds the fecond place. But ftill neither of thofe ftomachs can be juftly ranked as gizzards,fince they want fome of the moft effential characters-, viz. a power andmotion fitted for grinding, and the horny cuticle, The ftomach of theGillaroo trout is however more circumfcribed than that of moft fifh, better:adapted for fmall food5 and endued with, fufficient ftrength to break the fhells



??? (hells of fmall fhell-fifh; which will moft probably be beft done byhaving more than one in the ftomach at a time, and alio by taking prettylarge and fmooth ftones into the ftomach, which will anfwer the purpofeof breaking; but not fo well that of grinding; nor will they hurt theftomach as they are fmooth, when fwallowed; but this ftomach canfcarcely poffefs any power of grinding, as the whole cavity is lined witha fine villous coat, the internal furface of which appears every where tobe digeftive, and by no means fitted for maftication. The ftomach of the Englifh trout is exactly of the fame fpecies withthat of the Gillaroo, but its coat is not fo thick by two-thirds.1 Howfar this difference in thicknefs of ftomach is fufficient to make a diftinCtfpecies, or barely a variety of the fame, is only to be determined by expe-riment.13 The cefophagus in the trout is confiderably longer and fmaller thanin many other claffes of fifh. The inteftines are fimilar to thofe of the falmon, herring, fprat, &c. The pancreas is appendiculated.c The teeth fhow them to be fifh of prey. So far as we are led to determine by analogy, we rnuft not confiderthe ftomach of this fifh as a gizzard, but as a true ftomach. s The Englifh trout fwallows fhell-fiih, and alfo pretty large fmooth ftones, which ferveas kind of fhell-breakers. b Viz. Take fome Gillaroo trout, male and female, and put them into water in whichthere are no trout, to fee if they continue the fame. e I chufe to give this name to the pancreas from its appearance,



???



??? some observations on DIGESTION. THE paper which I formerly prefented to the Royal Society, onthe flomach being digefted after death, and which was published in1772, in the 62nd volume of the Philofophical Tranfa??tions, feems to haveattracted the attention of Spallanzani, and others. I fliall therefore makefome remarks upon the experiments and opinions of thofe gentlemen;compare them with thofe of Reaumur, and give fome general fails andobfervations of my own upon digeftion, and ihall conclude by adding acopy of the above mentioned paper, wifh the hope that others will take upthe fubjeCt in a more enlarged point of view, and profecute an inquiry whichis of fo much confequence in the inveftigation of the operations of the ani-mal ceconomy. I cannot, at prefent, fpare fufficient time to give my opinionsat large on this fubjedt, with all the experiments and obfervations I havemade upon it; but as foon as I have leifure I fhall lay them before the public. The difcovery of parts has been a principal objeft in the refearches ofthe young or practical anatomift ; but the connection, arrangement, modeof action, and ufes of the whole, or of particular organs, have more com-monly been referved for the confederation of thole whofe views wereextended further; and whofe powers of reafoning had been enlarged byhabits of obfervation and inquiry. Curious and fpeculative men havelikewife made attempts in this way, often without being fufficiently ac-quainted with the ftru&ure of the parts they were about to confider; andconfequently ignorant

of their relations and connections with one another.They have not been contented to fpeculate concerning thofe which weremoil obvious, which might have led to ufeful knowledge but directedby what bell fuited their fancy, they have principally attempted the mollobfeure and intricate. Generation, or the mode of continuing the fpecies,and digeftion, or the means of preferving the individual, have been withthem the great objects of inquiry ; but it does not appear that they havebeen very fuccefsful. Digeftion, as being one of the molt important ope-rations of the animal ceconomy, and moft obvious in its effects, fupplies U a number



??? a number of facts to aftift in afcertaining its powers; yet little has beenhitherto made out towards investigating the various circumftances underwhich it is performed. The mode of dividing the food, for the increafe of its furface in fomeanimals, fuggefted one method of explaining the procefs of digeftion;and the fecretion of a juice, having the power of converting vegetableand animal matter into a fluid proper for the purpofes of nutrition,fumifhed another. Both thefe opinions have had their advocates j andwhile one party contended for a mechanical power, fuppofed to exift inthe gizzard, the other had recourfe to a chymical power; and thefe laftconsidered fermentation as the great agent in digeftion : but as they wererather fpeculative philofophers, than practical anatomifts, they havefrequently been milled with refped: to the very fa??ts and obfervationswhofe refult was to decide the truth of their opinions. What, for inftance,does it explain in digeftion, that the force of the gizzard of a turkey isfound equal to four hundred and feventy-three pounds ? Does it afford abetter folution of our doubts, than we Â?hould derive from determiningthe force of the mill that grinds the wheat into flour ? Or, on the otherhand, will the moft correct idea of fermentation enable us to account forthe various phenomena in the operation of digeftion ? But we can have novery high idea of experiments made by gentlemen and priefts, who, forwant of anatomical knowledge, have not been able to purfue their rea-foning even beyond the fimple experiment itfelf. The great obje?Št fhould have been,

an endeavour to difcover the uni-verfal agent in digeftion : for the digeftive organ is evidently conftrudtedin a different manner in different animals; the mechanical power for thedivilion of the food not being univerfal; and thofe gentlemen whoeonfidered this power in the gizzard as the immediate caufe of digeftion,forgot that the fame effe??t was produced in other claffes of animals, witha different ftruCture of ftomach, by means of the grinding teeth. Thuswhile the gizzard favoured the theory of the mechanical reafoner, thatidea was again deftroyed by the membranous ftru&ure of the ftomach inmany animals, which at the fame time fupplied the chymift with argu-ments in favour of the procefs of fermentationÂ? It



??? It is indeed a more dilf cult matter than thole gentlemen imagine, toacquire on this fubjed a knowledge fufficiently accurate, to be able toexplain a procefs fo complicated as that of digeftion. There are inNature\'s operations always two obvious extremes and the mind of maneagerly adopts that which accords with fome principle he is fond of, andwith which he is heft acquainted; but the intermediate connections andgradations being lefs ftriking, do not fo forcibly affed the fuperficialinquirer. It happens unfortunately that thofe who from the nature of their edu-cation are belt qualified to inveftigate the intricacies, and improve ourknowledge of the animal ceconomy, are compelled to get their living bythe practice of a profeffion which is constant employment. The onlyidle profeffional men are thofe of the church; and we therefore frequentlyfee them becoming philofophers and phyliologifts, as it were inftindively,without having had that kind of education which might dired their pur-fuits. Experiments, it is true, may be made by fuch men ; but theyrnuft not be complicated, nor having any immediate relation to a branchof knowledge, with which they cannot be much acquainted; and ex-periments fo made, will feldom go further than perhaps to explain afingle fad. They may look through microfcopes and examine the redglobules of blood; they may view animalcule and give us a candid rela-tion of what they fee ; but fhould not prefume to carry their reafoninginto a fcience of which they can know nothing ; or hope to throw lighton a fubjed which it is

impofllble they can underftand. It fhould beremembered, that nothing in nature ftands alone; but that every artand fcience has a relation to fome other art or fcience, and that it requiresa knowledge of thefe others, as far as this connedion takes place, toenable us to become perfed in that which engages our particular atten-tion. Thefe obfervations are applicable to all thofe who have made experi-ments to explain digeftion. The mechanical powers being eafily under-ftood, thofe who confidered digeftion mechanically have in general ex-plained their effeds juftly, as fat as they applied to the gizzard; buttheir powers of reafoning went no further, and they fuppofed thefe effeds U 2 to



??? to be digeftion. But thofe who took it up chymically being lefs ac-quainted with chymiftry, and totally ignorant of the principles of theanimal (economy\', have erroneoufly referred the operations of the animalmachine to the laws of chymiftry. The fir ft inquirers into digeftion were ftruck only by the extremes,the gizzard, and membranous ftomach, paying no regard to the grada-tions leading from the one to the other; which if properly examined wouldhave affifted them more effectually to explain the functions of the ftomach. Vallifneri, confidering the power of the gizzard in one view only,imagined it would be as liable to be affected by the mechanical powersneceffary for digeftion, as the grain which was to be digefted; thereforefuppofed the exiftence of a folvent: but he is entitled to no merit fromthis idea, as the premifes are falfe : however, this opinion of Vallifnerifet Reaumur to work, and has been the means of bringing feveral curiousfacts to light. His experiments were firft made with a view to contra-dict that idea ; and were therefore made upon birds that had gizzards,as beft adapted to his purpofe. In this purfuit he only attended to thofeparts of the experiments which beft accorded with his own opinion ; yetcarefully guarded againft every poftible accident that might affect theiraccuracy. If trituration was the immediate caufe of digeftion, hismaking experiments on the gizzards of birds was unneceffary ; it wouldhave been fufiicient to have examined the food after it had been mafti-cated by the teeth of animals who have grinders j for the teeth andgizzard anfwer one

and the fame purpofe: but the circumftance ofanimals who mafticate their food in their mouth, having alfo a ftomach,ihould have taught, that there was fomething more in digeftion than,trituration. Reaumur\'s firft experiments were made to afcertain the ftrength of thegizzard, with its effects ; to prove that fharp cutting fubftances, whenfwallowed, in no way injured its internal coat; and that the common foodof the bird was not diffolved when guarded againft its action. Yet afterall thefe proofs he feems to doubt, and fays, " are\'we to conclude thatgrinding alone is fufficient to convert the grain and other aliment into amatter proper for the nutrition of the animal, without undergoing any other



??? other preparation ? Several reafons feem to oppofe this; triturationalone 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 ? Thisfmell may be faid to arife from the liquor with which the aliment ismixed; but is it likely that juices do not difpofe to fermentation,fuch fubftances in which it is fo eaflly excited ? Flour made into a pafteand fruit, require little more than heat to make them ferment." Fromthefe very experiments made with a view to prove that digeftion is carried011 by trituration, Reaumur was led to fuppofe a folvent. But asthere are fome birds whofe ftomachs do not feem fufficiently ftrong tohave the power of trituration, he /elected thÂŠ busaard, as being of thatkind, and the fitteft, for the fubjeÂ?t of his experiments, from the cir-cumftance of its throwing up whatever is folid and indigeftible;\' thereforewithout killing the bird, he could know the refult, and repeat the expe-riment as often as he thought neceflary. From the ftomach in the buzzard being incapable of trituration, heconcluded that a folvent was neceflary for digeftion ; but to preclude allmechanical effects of the ftomach, in his experiments, he employed tintubes filled with meat, which, after the tubes had remained twenty-fourhours in the ftomach of the buzzard, was reduced to three-fourths of itsfize was like threads, and was neither putrid, four, nor volatile, but infipid.On this effeCt he made his remarks, which are very pertinent. In

anotherexperiment which was more accurate and conclufive, he is convinced ofthe aÂ?tion of a folvent.. He then tried the foft bones of young animals,and found they were digefted; and that though the hard bones were notaCted on fo readily 5 yet by returning the fame bones feveral times intothe ftomach, they were at laft digefted. Reaumur was next anxious to know, if fuch birds as were intendedby nature to live upon meat, could alio digeft vegetables; but the refultwas not fo fatisfaCtory. He gave bread to his buzzard, which uponbeing returned had the appearance of having been chewed. He nexttried a piece of a ripe pear ; which, after having been twenty-four hoursin the ftomach it had loft fome of its weight, and had the appearance of beine;



??? being boiled or baked ; and thence he concludes that its powers are tooweak to digeft vegetables fo as to nourifh the animal. To afcertain the nature of this liquor which had fuch powers, he tailedthe jelly to wThich the meat and bone had been reduced, conceiving it muftbe well impregnated with this fluid, but could only diftinguiih a bitter orfaltifh tafte. To have an opportunity of more fully determining the natureof this folvent, he made his buzzard fwallow fmall tubes filled withIponge, which imbibed fifty grains of this liquor, having the fame tafteas the jelly, and changing blue paper to a red. He tried the effedts ofthis liquor on meat out of the body, with comparative experiments inwater; and after twenty-four hours, the meat in the water was becomeputrid ; but that in the liquor from the ftomach was only foftened, notdiflfolved. To fee how far the analogy held good in membranous ftomachs,he gave two bones to a dog, which being killed after twenty-fix hours,they were found leffened in fize, and become as foft as horn. He foundthat the ftomach of the dog did not alter the fhape of any of his cubes. He conveyed grafs and hay, enclofed in tubes, into the ftomachs ofruminating animals, which were not digefted, but appeared as if mace-rated. Let us enumerate the experiments and fadts made out by Reaumur. The gizzard ivas not hurt by adting upon glafs, which it ground to apowder. The ftomach, or gizzard, had hardly any vifible motion. The force of the gizzard was afcertained. ll3 The fize of the ftones found in the gizzard was

in proportion to thefize of the bird. The ftomach of a buzzard digefted bone; from which he concludedthe gaftric juice has a folvent power ; but it did not digeft bread, althoughit adted in a flight degree on fruit. He made experiments with the gaftric juice. The juice in the ruminating animals ftomachs produced no effedt onhay or grafs, when inclofed in tubes. Reaumur\'s experiments, although not compleat, yet paved the wayfor future inveftigation 5 and Spallanzani proceeding on the fame ground, has



??? has confirmed them by his own, and has filled up feveral blanks notcompleatly ma:le out by Reaumur; for in fome inftances Reaumur gaveup the point too foon, efpecially in the experiments refpedting the buz-zard\'s power of digefting vegetables. Reaumur did not pofiefs generalknowledge fufficient to dired: him in his purfuits, which neceftarily con-fined him to what he was moft mafter of, the mere making experiments.He was neither an anatomift, nor a phyftologift nor can he be faid tohave been perfectly juft in his defcription of parts, having confidered thecrop, and the cefophagus leading from it to the gizzard, as being twodiftindt ftomachs. This however is only to be fet down as a piece ofanatomical ignorance, not affedting the fubjedt in the leaft. Spallanzaniis alfo incorrect in his anatomical knowledge but it muft be owned,that his experiments, as far as they go, are in themfelves conclufive;but like all mere makers of experiments, he is not fatisfied with thofewhich are clear and decifive, but multiplies them moft unneceftarily,without varying them to elucidate other and efiential parts of the famefubjedt. I think we may fet it down as an axiom, that experimentsfhould not be often repeated, which merely tend to eftablifh a principlealready known and admitted; but that the next ftep fhould be, the ap-plication of that principle to uleful purpofes. If Spallanzani had em-ployed half his time in this way, and had confidered digeftion under allthe various ftates of the body and ftomach, with all the varieties of food,both natural and artificial, he had

employed his time much better thanin making experiments without end. The food of moft animals being compofed either of vegetables, ani-mals, or both, and a Iblvent admitted as an agent in digeftion , it onlyremained to prove, that the effedt of the procefs of digeftion, was toproduce from thefe various fubftances, an animal matter, fimilar in allanimals who live on fuch fubftances. But the application of principlesrequires more than fimply the knowledge of the principle itfelf; andtherefore thofe who cannot reafon from analogy, or draw general conclu-fions from a few convincing fads j and who require to have every relativeconclufion or inference proved by an experiment, however unneceftary orfatiguing to the reader, muft be pleafed with Spallanzani; but he mult tire



??? tire even thofe whom he informed, and much more thofe who only readhis works in expectation of fomething new. Reaumur, feemed indeedwilling to give up the idea of trituration being the fole caufe of digef-tion; but Spallanzani perfifts in proving that it is not performed bytrituration. To make comparative experiments upon the digeffcive power of differentanimals, they fhou" d be under the fame circumftances relative to digeftion:they fhould be equal in age ; for the growing eat more than the full-grown,and of courfe digeft fafter; and this point therefore can be beft afcertainedin each clafs of animals, by feledting thofe which have attained their full-growth. They fhould be equal in fatnefs, for this makes a very material dif-ference in the powers of digeftion in the fame animal and they fhould beequal in health ; which laft circumftance, of all others, probably makes thegreateft difference in the powers of the ftomach. In comparing animalsof the fame clafs, the atmofphere fhould likewiie be of the fame tem-perature ; for the different claffes of animals are varioufly affected by thefame degree of heat. Experiments made upon fnakes and lizards inthe winter, will differ greatly from thofe made in the fummer, whilefimilar experiments made on dogs will have nearly the fame refult in bothfeafons. Nor will the powers of the ftomach be found equal in the fameclafs ; for fleeping animals, of the quadruped kind, as hedge-hogs, donot digeft in the winter, but in the fummer only ; therefore the conclu-fions to be drawn from experiments made refpe&ing the digeftive

powersin one, are not at all applicable to thofe made in the other feafon. Spallanzani obferved that the fnake digefted food fafter in June, whenthe heat was at 82Â° and 83Â°, than in April, when it was only 6oÂ°}from whence he concludes, that heat afiifts digeftion; but this heat isnot the immediate, but the remote caufe of the increafed power: heathaving produced in the animal greater neceffity for nourifhment; and ofcourfe greater powers j gaftric juice was therefore fecreted fafter or in.greater quantity. As a proof that heat does not aÂ?t as an immediate, but only as a re-mote caufe in affifting digeftion, I fhall mention the effeCt it produced upon



??? upon a hedge-hog, the fubjedt of Mr. Jenner\'s third experiment on theheat of that animal, related in the former part of this volume " The hedge-hog, while the heat of the ftomach was at 30hadneither delire for food, nor power of digefting it; but when increafedby inflammation in the abdomen to 930, the animal feized a toad whichhappened to be in the room; and upon being offered fame bread andmilk, it immediately eat it. The heat roufed up the actions of the ani-mal ceconomy; and the parts being unable to carry on thefe actionswithout being fupplied with nourilhment, the ftomach was ftimulated todigeft, to afford them that fupply." Spallanzani alfo mentions the flow digeftion in ferpents, and quotesBomare; who gives an account of a /crpcrit at Martinico, which afterhaving retained a chicken in its ftomach for three months, it was notcompletely digefted, the feathers ftill adhering to the Ikinb. The truthof this fact I fhould very much doubt, efpecially in fo warm a climateas that of Martinico; where I muft fuppofe the digeftive powers to beconftantly wanted; unlefs in Martinico, as in colder climates, there is atorpid feafon, in which the adt of digeftion is not neceffary : but inthat cafe the ferpent would not have fwallowed the chicken. When atBellifle, in the beginning of the winter 1761-2, I conveyed worms, andpieces of meat, down the throats of lizards when they were going intowinter quarters, keeping them afterwards in a cool place. On openingthem at different periods, I always found the fubftances which I had in-troduced, entire, and without

any alteration : fometimes they were in theftomach; at other times they had paffed into the inteftine ; and fome ofthe lizards that were allowed to live, voided them towards the fpring,with but very little alteration in their ftrudture. So that digeftion isregulated by the other actions of the body. Warmth requiring actionfuitable to that warmth ; the body requiring nourifhment fuitable to thatadtion; and the ftomach being called upon, obeys. Spallanzani has made feveral attempts to prove what few will fubfcribeto; that ftones in the gizzards of birds are of no ufe towards the break- * Vide page 100. b Bomare Did. d\'Hiftoire Nat, X ing



??? ing or grinding down the grain ; and that they are picked up accidentally.Thefe ftones have long been fuppofed to anfwer the purpofes of tritura-tion : they have been considered as an affiftance to the ftomach, in themanner of teeth, and of courfe neceifary for digeflion. Spallanzani com-bats this opinion ; but as ftones are univerfally found in gizzards, he foundit neceifary to account for the mode of their being conveyed there, and at-tributes it to chance. But we find that the gizzards which have moftoccafion for them, and are moft able to ufe them, are likewife beft fup-plied with them : to corroborate which fadts, may be added what weobferved before, that in the larger gizzards are to be found the largeftpebbles. In a turkey, two hundred were found; in a goofe, a thoufand;which could not depend entirely upon chance. In trying whether the ftoneswere of fervice, Spallanzani put tubes, needles, and lancets, in gizzards inwhich there were but very few ftones, and found them broken; but in thisexperiment they had been forty-eight hours in the gizzards ; whereas inthe former experiments with the fame kind of tubes, thirty-fix hours wasthe longeft time; in another eighteen hours; and in another the breakingof thofe fubftances was begun in lefs than two hours ; therefore the ex-periments were not perfectly fair, as the times were not equal. What hethinks the moft conclufive, is where he had taken care there fhould be noftones, yet the hard indigeflible fubftances were adted upon much in thefame way as when there were ftones ; but in this experiment he

does notgive the time, which is very accurately ftated in moft of the others. He found that the inner furface of the ftomach was not hurt by fuchfubftances. Indeed it is fcarcely poffible for the inner coat of the ftomachof a fowl to be pierced by fharp pointed fubftances ; its quantity of mo-tion being fo inconfiderable, as hardly to make a body pafs through itsinner coat. But the principal reafon is, that this motion being lateral,it does not prefs perpendicularly to its axis, but is one furface Hidingin a contrary diredtion to another; and this not in a ftraight, but in acircular diredtion, as will be explained hereafter. In confidering the ftrength of the gizzard, and its probable effedtswhen compared with the human ftomach, it mult appear that the giz-zard is in itfelf very fit for trituration; we are not however to conclude that



??? that ftones are entirely ufelefs; for if we compare the ftrength of themufcles of the jaws of animals who mafticate-their food, with thofe of birdswho do not, we (hall fay that the parts are well calculated for the purpofeof maftication, yet we are not from thence to infer that the teeth in fuch jawsare ufelefs, even although we have proof that the gums do the bufinefs whenthe teeth are gone. If ftones are of ufe, which we may reafonably concludethey are, birds have an advantage over animals having teeth, fo far as ftonesare always to be found, while the teeth are not renewed : he concludes," That we have at length a decifion of the famous queftion concerningthe ufe of thefe pebbles, fo long agitated by authors; it appearing thatthey are not at all neceftary for the trituration of the firmeft food, &c." butfays, <e He will, however, nut deny ttrat when put in motion by the gaftricmufcles, they are capable of producing fome effects on the contents ofthe ftomach." Now if we conftantly find in an organ fubftances whichcan only be fubfervient to the functions of that organ, fhould we denythem that ufe, although the part can do its office without them ? To account for pebbles being found in the gizzards of birds, he fup-pofes them picked up by chance, or by their not diftinguiftiing betweenfood and ftones. It appears lingular, that only thofe which have giz-zards fhould be fo ftupid: he owns, that Redi and himfelf found thatbirds died of hunger, without having picked up more ftones than ufual,which we might fuppofe would not have been the cafe if they had nochoice; nor can

ftones be confounded with the grain on which thefe birdsfeed. The ftones aflift in grinding down the grain, and by feparating its partsallow the gaftric juice to come more readily in contact with it; they alforub off the digefted furface, by which means the remainder is fooner broughtinto con tad: with the gaftric juice. It has been mentioned, that the motion of the gizzard is hardly ob~fervable, and cannot be felt by the hand ; but for the purpofe of tritura-tion that is not neceftary; for its cavity is very fmall, and adapted toits contents, which it muft always be, or it cannot poffibly grind; andtherefore they require but little motion to affedt them. A fwelling andcollapfing, like the motion of the heart, would have no efteft. The ex- X 2 tent



??? tent of motion in grinci-ftones need not be the tenth of an inch, if theirmotion is alternate and in contrary directions. But although the mo-tion of the gizzard is hardly vifible, yet we may be made very fenfible ofits adtion by putting the ear to the fides of a fowl while it is grinding its.food, when we can hear the ftones moving upon one another. It may be remarked, that the motion of the whole inteftinal canal,from the. fauces, to the anus,, is naturally fo flow, as not to be excited intoquick motion. The food paftes flowly along the oefophagus; and evenin that of a man, fluids which might be expected to adt by their owngravity, defcend but flowly. I imagine, however, we may be certainthat the cefophagus has always a regular contraction ; and that the lowerparts mull relax in progreflion, as it contracts above; fo that no poll-tion of the body makes any difference in this action. Upon expoiing the ftomach in living animals, we do not find it muchagitated or affected ; not even by handling or being irritated. The famething may be obferved in the whole tract of inteftines ; and we find thatwhen the fasces are expelled by the action of the gut alone, that this ex-pulfion is flow; the ftomach and redtum, however, can be emptied atonce j but this is done by the abdominal and other mufcles. We knowthat the action of vomiting is performed entirely by the diaphragm and ab-dominal mufcles ; and we know by the fame adtion the contents of therectum can be expelled. . We need not feek for another power to empty the ftomach in vomiting,thefe mufcles being" often capable of

forcing the bowels themfelves outof the abdomen, producing a rupture. It is not neceflary the ftomachitfelf fhould adt violently to produce an evacuation of its contents ; noris it even neceflary it fhould adt at all. Since the lungs do not adt inthe leaft of themfelves, to throw up any extraneous matter; and a coughto the lungs is fimilar to a vomit to the ftomach. The mufcles of ref-piration are the active parts in emptying the lungs, and adt both natu-rally and preternaturally. The mufcles of the thorax and abdomen donot adt naturally on the contents of the abdomen, but often adt preter-aiaturally, producing an evacuation from its vifcera, There



??? There is reafon to believe that the natural motion in all ftomachs is re-gular. What makes me of this opinion, is that appearance which takesplace in the ftomach of animals who are covered with hair, and wholick their own bodies and of fuch as feed on whole animals, who arelikewife covered with hair. In the calf, for inftance, who licks his (kinwith his tongue, and fwallows whatever is attached to the rough furfaceof that organ, balls of hair are often found in the cavity of the fto-mach; on examining their furface, the hairs in each hemifphere feem toarife from a centre, and to have the fame direction, which is circular,and correfponding to what would appear to be the axis of this motion,refembiing what we fee in different parts of the fkin of animals wholehair take different turns. THIS regularity in the direction of the hair, infuch balls, could not be produced if there was not a regular motion inthe ftomach. This motion is alfo proved in the dog j for I have feen aball of this kind, that had been thrown up from a dog\'s ftomach, wheredie fame regularity in the turns of the hair was very evident and com-pleat. The fame motion feems alfo to take place in the bird kind : inthe cuckoo, for inftance, which in certain feafons lives on caterpillars,fome of whom have hairs of a considerable length on their bodies, theends of thefe are found flicking in the inner horny coat of the ftomach orgizzard, while the hairs themfelves are laid flat on its furface; not inevery direction, which would be the cafe if there was nÂŠ regular motion,but all one way, ariiing from a central point placed in the

middle of thehorny part; and this appearance on the furface of both fides of the giz-zard correfponding. Thefe two fads prove, in my opinion, a regular andcircular motion taking place in the gizzard and membranous ftomach â€?and therefore, molt probably, fomething Similar is carried on in all thevarious kinds of Stomachs. Indeed this motion in the ftomach is fo con-fiderable, than when there is no horny defence, we find the coats of theftomach fometimes pierced by hard pointed bodies. Thus the cows whofeed on the grafs of bleaching grounds have their ftomachs, efpeciallythe fecond, ftuck full of pins; and fifh who prey upon, and fwallowother fifh entire, often have their ftomachs pierced by the bones. Spallanzant.



??? Spallanzani calls the inner coat, cartilaginous3 whereas, in fad, it isa horny fubflance, forming an inner cuticle, but differing in fome refpe&sfrom the common cuticle. This horny fubflance not only differs in flruc-ture from the common cuticle, but in its attachment, from both cutLle,nails, and hoofs. The cutis, where it is covered by fuch fubftances, has avafl number of villi on its furface, which oafs into correfponding perforationsin the cuticle, by which flrudture of parts, when the cuticle, nails, or hoofsare feparated, their inner furface appears to be full of fmall perforations3and the cutis from which they have been removed is villous 3 and thefe villiare more numerous in fome parts than in others, where the fenfe of touchis required to be delicate or acute. But the inner lining of the gizzard isjufl the reverfe 3 that furface of the horny fubflance which is in contadfewith the gizzard being villous 3 and when feparated, the inner furface ofthe gizzard appears perforated. Thefe villi are the lafl formed parts of?his horny fubflance, or are the fibres of which the horny coat is corn-pofed. It is probable, that this horny fubflance takes the form of villithat it may be more firmly connected with the inner furface of theflomach 3 there being no occafion for acute fenfation in the flomach. We may remark here, that the experiments made on the digeflion ofruminating animals have been deficient, which arifes from this procefs inthem being more complicated than in the flomachs of other animals3requiring attention to be paid to certain circumflances, which cannottake place in

flomachs of only one cavity. The circumflance mentioned by Spallanzani, of the ruminating ani-mals voiding the tubes, fhows that they are not careful the whole foodfliould be returned into the mouth to be chewed a fecond time 3 for ifthey were, the tubes would certainly come up likewife, and would ascertainly be thrown out of their mouths as improper to be chewed,which very often happened. But it was hardly neceffary to make expe-riments to afcertain whether ruminating animals digefled -meat, whenwe know that in fome cold countries, the cattle are fed on dried fifh3:and mofl animals eat their own fecondines: indeed the circumflance of.animals living upon both animal and vegetable food might have taught-us, that the mode of digefling both (whatever it is) was the fame 3 therefore



??? therefore it could only be neceflary to difcover that mode; except weabfurdly conceive, that two different modes might take place in the fameftomach at the fame time. Spallanzani gives the opinion of authors refpedb\'ng digeftion; and foanxious is he to combat the idea of its being fermentation, that hewill hardly allow that fermentation ever takes place in the ftomach.That fermentation can go on in the ftomach, there is no doubt; butwhen this happens it arifes from the powers of digeftion being defec-tive. It is often found that milk, vegetables of all kinds, wine, andwhatever has fugar in its composition, become much fooner four infome ftomachs, than they would, if left to undergo a fpontaneouschange out of the body: and even jfpirlts, In certain ftomachs, almoft:immediately degenerate into a very ftrong acid. I am inclined to fuppofe,that it is the fugar which is converted into fpirit, and the fpirit intoacid ; confequently a glafs of brandy, from being much ftronger, becaufelefs diluted, moft probably contains as much matter, likely to become acid,as half a pint of wine. In other fubftances, befides thofe mentionedabove, the fermentative procefs (unlefs prevented by that of digeftion)appears to begin fooner in the ftomach, than out of the body. All oilyfubftances, particularly butter, very foon become rancid after beingtaken into the ftomach; and this rancidity is the effect of the firft pro-cefs of the fermentation of oil. Mr. Sieffert has been able to reftorerancid oils to their original fweetnefs, by adding to them their due quan-tity of fixed aira; the lofs of which I confider as the

firft procefs in thisfermentation, fimilar to what happens in the fermentation of animal andvegetable fubftances. Animal food does not fo readily ferment in the ftomach, when com-bined with vegetables, as when it is not; for the vegetables running morequickly into fermentation, preferve the meat from putrefaction. Put apiece of meat and fome fugar, or bread, into water, and let them ftand ina warm place, the bread and fugar will begin to ferment, the water willbecome four, and the meat be preferved : but the acid becoming weaker, 1 Phyfical and chvmical E%s by Sir Tobern Bergman. Mr



??? as the fermentation advances towards the putrefadtive, the meat at laftbegins to acquire the fame putrid difpofition. Of this Sir John Pringlewas not aware in making his experiments on this fubjedt. Yet this laftpart of the procefs cannot, I think, take place in the ftomach ; for afucceffion of acids will be formed, by which the meat will be preferredfweet till it is digefted : the formation of this acid in the ftomach, moftprobably, not preventing the digeftion of thofe fubftances which are in-capable of being rendered acid. Bread allowed to remain in the ftomach of a dog for eight hours, isfo much changed, that it will not run into the vinous fermentation; butwhen taken out and kept in a warm place, becomes putrid: its putre-faction, however, is not fo quick as a folution of meat that has been inthe ftomach for the fame length of time. Similar effedts are producedwhen milk and bread are the food adminiftered; and probably thegaftric juice, when in fuflicient quantity, will always prevent the vinousfermentation. Spallanzani\'s next trials were to determine, whether the gaftric juicehad the power of recovering meat already putrid; a fadt which might havebeen proved by one experiment. For if very putrid meat is given to adog, and the dog killed after fome time, the meat will be found fweet,and all putrefa&ion at an end. Therefore his allowing frefh meat tocontinue a longer or Ihorter time in the ftomach was immaterial, as itcould not become putrid. It appears from the above facts, that the ftomach has not fo muchpower in preventing the acetous fermentation in vegetables, as in

cor-recting the putrefadtive difpofition in animal fubftances. For althoughthis cannot be certainly known in thofe who eat both animal and vege-table food, yet it does not appear that the putrefaction of animal fub-ftances (where nothing elfe is eaten) takes place fo quickly in the ftomach,as the change which is produced in vegetables; the acetous difpofitionis therefore either ftronger than the putrefadtive, or it more readily takesplace. It may be admitted as an axiom, that two proceffes cannot go on atthe fame time, in the fame part, of any fubftance j therefore, neither ve-getable



??? getable nor animal fubftances can undergo their fpontaneous changes,,while digeftion is going on in them; a procefs fuperior in power tothat of fermentation. But if the digeftive power is not perfect, thenthe vinous and acetous fermentation will take place in the vegetable,,and the putrefactive in the food of thofe animals which live wholly onflefh. The gaftric juice therefore preferves vegetables from running intofermentation, and animal fubftances from putrefaction; not from anyantifeptic quality in the juice, but, by making them go through anotherprocefs, prevents the fpontaneous change from taking place. In moftftomachs there is an acid, even although the animal has lived upon meatfor many weeks; this, however, is not always the cafe, therefore wemuft fupDole it is only formed occasionally. WLcthcx the ftomach hasa power of immediately fecreting this acid, or fir ft fecretes a fugar whichafterwards becomes acid, is not eafily afcertained: but I fhould be inclin-ed to fuppofe, from analogy, the laft to be the cafe; for animals in healthfeem to have the power of fecreting fugar, as we find in the milk, andfometimes in the urine, from difeafe. The acid prevails fometimes tofo great a degree, as to become a difeafe, attended with very difagreeablefymptoms, the ftomach converting all fubftances which have a tendency tobecome acid, into that form: the fugar of vegetables, and in fome ftomachseven vinous fpirits, turning diredtly into acid. To afcertain whetherthere is an acid naturally in the ftomach, it will be proper to examinethe contents before the birth,

when the digeftive organs are perfedt, andwhen no acid can have been produced by difeafe, or any thing that hasbeen fwallowed. In the flink calf, near the full time, there is no acidfound in the ftomach; although the contents have the fame coagulatingpowers with thofe of-animals who have fucked* As we find ftomachs poftefted of a power of diflolving the whole fub-fiance of a bone, it is reafonable to fuppofe that its earth is deftroyed bythe acid in the ftomach. 1 The ftomach appears not only to be capable of generating an acid, butalfo to have the power of producing air ; but the laft effect, I believe, arifesfrom difeafe in that vifcus. It may be difficult to account for the forma-tion of this air; and as the ftomach is a refervoir for fubftances difpofed to Y ferment



??? ferment, it might be fuppofed to arife from the food going into that pro-cefs: but this, in my opinion, v/ill not account for the vaft quantity ofair frequently thrown up from fome ftomachs, even where food has notbeen fvvallowed for a conliderable time, and where digeftion appeared tohave been compleated; which we muft conclude to have been the cafe,from the food not having difagreed with either ftomach or bowels, and fromthe ftools being good. When the gout falls on the ftomach, the quan-tity of air thrown up is often immenfe. The fame thing may be obfervedin fome cafes which are commonly called nervous ; yet the procefs ofdigeftion will not account for this formation of air, as no air is to befound11 in healthy ftomachs; neither is it to be accounted for from adefedt in digeftion, as that would probably be productive of worfe con-fequences. 1 am inclined to believe that the ftomach has a power of forming air orletting it loofe from the blood, as a kind of fecretion : we can give noabfolute proof of this taking place in the ftomach, as it may in all cafesbe referred to a defedt in digeftion: but we have inftances of air being foundin other cavities, where no fecondary caufe can be affigned. I have beeninformed of air being detected in the uterus or vagina, without the perfonsthemfelves knowing any thing of it, except by not having at the time of itspalling the fame power to prevent its efcape, as when it is in the redtum}from which circumftance they were always alarmed leaft it might makea noife in its paftage. This fad; being fo extraordinary, rendered mefomewhat

incredulous ; but made me more inquifitive, with the hope ofbeing enabled to afcertain and account for it; and thofe of whom I havebeen led to inquire, have always made the natural diftindtion, between airpalling from the vagina, and by the anus ; that from the anus they feeland can.retain ; but that in the vagina they cannot; nor are they fenfibleof it till it paffes.. A woman, whom I attended with the late Sir JohnPringle, informed us of this fadt; but mentioned it only as a difagreeablething. I was anxious to determine, if there were any communication 2 In all my experiments on digeftion, in dogs, I have never been able to detect any airin the cavity of the ftomach. between



??? between the vagina and redtum, and was allowed to examine, but dis-covered nothing uncommon in the ftrudture of thefe parts. She\'diedfome time after; and being permitted to open the body, I found, no dif-eafe either in the vagina or uterus. Since that time I have taken op-portunities of inquiring of a number of women, concerning this cir-cumflance, and by three or four have been informed exactly of the famefact, with all the circumftances abovementioned : how far they are to berelied upon I will not pretend to determine. I have likewife found air inthe cellular membrane, in fome gun-fhot wounds that had palled fomeway under the (kin, without being able to account for its being there byany mechanical erfedt of the ball. That air, is either formed from the blood, or let loofe by fome adtion ofthe velfels both naturally and from difeafe, is an undeniable fadt. Wefind air formed in fome fifhes to anfwer natural purpofes; for in thofefifties whofe air-bladders do not communicate externally (many of whichthere are) we muft fuppofe it to have been formed there. We alfo findit in animals after death; and I have a piece of inteftine of a hog whichhas a number of air-bladders upon ita. I have often feen fuch veficleson the edges of the lungs; but thefe may be fuppofed to have. beenkind of aneurifmal air-cells filled from the trachea, which may poffiblybe the cafe; but they are circumfcribed and impervious, fo that in theftate we find them, they have no communication with the external air. Inone inftance I have difcovered air in an abfcefs, which could not havebeen

received from the external air ; nor could it have arifen from putre-fadtion the cafe is as follow: A lady, about forty years of age, had been afflicted with complaintsin the bladder and parts connedted with it. From the fymptoms, herdifeafe was fuppofed by fome to be the ftone ; but upon examination noftone was found. She had alfo an umbilical hernia, for which I had beenconfulted. She grew gradually worfe; and from being a lufty became athin woman. A fmall tumor appeared in the groin, and the Ikin over itbecame red, fimilar to an abfcefs when the matter is beginning to point externally â€? a Vide Plate. Y 2



??? externally; but before her death this fubfided. A few days before fliedied, I was defired to examine a fwelling on the lower and right-fideof the belly, extending nearly from the navel to the fpine of the iliumon the right-fide, and almofl of the fame width. It was a tenfe fwell-ing, but evidently contained air, and could be made to found almofllike a drum. It had come on within a very few weeks, and I felt my-felf puzzled to account for it, there being clearly no connection betweenthat tumor and the umbilical hernia. I was inclined to fuppofe it tobe a ventral hernia, containing the csecum and part of the colon, filledwith air. But as Â?he had ftools ; as there were no fymptoms of aflrangulated gut, nor any uneafinefs in the bowels, as I could not makethe air recede, but felt it as if confined to that part, I own I could notconjecture 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 thetumor, or umbilical hernia, I made an opening into the abdomen on theright-fide of the linea alba; and on examining the cavity of the ab-domen, found every thing natural, except a fmall portion of the epiploonadhering to the infide of the navel; but oppofite to the tumor, theparietes of the abdomen were in a natural ftate. On preffing thetumor by the hand, air was heard to make its efcape; but whether bythe vagina or anus was at firft doubtful. On examining with more at-tention, it was difcovered to come from between the two labia. I nowopened the tumor externally, and let out the air, which was not in theleafl putrid, and was

contained in a fac tolerably fmooth on its infide,made up of compreffed cellular membrane, the abdominal mufcles andtendons forming the pofterior furface, which extended as low as the in-ferior edge of Poupart\'s ligament. The contents of the abdomen weretolerably found; but when I infpe&ed the vifcera. contained in the pelvis,they were found adhering to each other; the bladder to the body of theuterus ; the broad ligaments and ovaria, to the uterus ; and on exa-mining thefe adhefions, I got into a cavity between the bladder, uterus,and vagina, on the right-fide fomething 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 veffels,



??? veffels, which it feemed to accompany, and when it paffed from behindPoupart\'s ligament, communicated with the tumor abovementioned. I nextendeavoured to difcover if there were any communication between the rec-tum and the abfcefs, but could find none, the gut appearing to be quitefound. Having removed the whole contents of the pelvis, with thecanal leading to Poupart\'s ligament, and the ligament itfelf, with fuch ofthe abdominal mufcles as compofed part of the fac, I found both there&um and vagina perfectly found. The uterus had a polypus formingon its infide; neither the reCtum nor uterus had any connection withthe abfcefs; but there was a fmall communication between the abfcefsand the bladder; that portion of the bladder which made part of theabfcefs being very"much difeafed. From this hiftory of the appearances of the tumor before death, andthe particular account I have given of the dhfedtion, the reader may beable to make his own obfervations, and draw his own conclufions relativeto the origin of the air. It certainly appeared to have been formed inthis bag ; and it was only towards the latter end of her life that it couldhave made its efcape into the cavity of the bladder; for it- was not poifibleto fqueeze the air out of the tumor, when I firft faw her; but juft beforedeath it became more flaccid. It could not be formed or let loofe in con-fequence of putrefaction, for the air itfelf was free from any fmell; andalthough the cavity between the vagina and bladder had on its internalfurface the irregular ulcerated appearance of an abfcefs, yet

that on theabdomen had not, was tolerably fmooth, and had rather the appearanceof having been formed in confequence of fome foreign matter accumula-ting there. This circumftance, of an animal having the power of forming air, orfeparating it from the juices by a kind of fecretion, appears at firft viewto be fupported by the experiments of Dr. Ingen-houfz \\ The Dr. obferved that, when we immerfe our bodies <( in a cold orwarm bath or, " By plunging the hand and arm even in cold water,"that globules of air foon appear upon the fldn : and to be certain of the s Expts upon Vegetables; proving their great Power of purifying the common Air, &c. air



??? air coming from the body, he took all the neceffary precautions to pre-vent the external air being carried into the water along with the body,which would certainly be a confequence, if the body or part were im-merfed quickly, or when dried. But although his experiments feem toprove this opinion, yet I imagine there is a circumftance the Dr. didnot attend to at the time, which renders them very fallacious; for hedid not confider that water, commonly, contains a great deal of air ;therefore the globules of air might as readily come from the water asfrom the body this circumftance makes it neceffary to afcertain, by ex-*periment, from whence the air comes which is attached to the body whenimmerfed in water. Water takes up air in proportion to its coldnefs, until it loles the pro-perty of water and becomes folid : upon this principle we may accountfor globules of air being found attached to the fkin when a part of thebody is immerfed in water colder than itfelf; for when we immerfe thewhole body we increafe the heat of the water, efpecially that next to thelkin; and if we immerfe only a part, as an arm, it being commonly ina fmaller quantity of water, the water immediately furrounding it is alfowarmed. As a proof that, it is the air from the water, and not fromthe furface of the body3, it matters not what the fubftance is that is im-merfed, if it is but warmer than the water; for a piece of iron heated toabout 150Â°, immerfed in water about 70Â°, will warm the water in con-tad with it fo as to make it part with its air. This effedt of heat is a Â? Count de Milly, in the Berlin Tranfaftions

for the year 1777, publifhed experimentsto {how that there is an excretion of air; or, as it is termed, \' an aerial tranfpi ration,\' fromthe whole furface of the human body during bathing in warm water: but Dr. Pearfon found,on repeating thefe experiments, that there was no appearance of aerial bubbles on the furfaceof the cuticle during bathing in warm water that had been previoufly boiled, fo as to expelthe air ufually mixed and united to river, and fpring-water. During bathing in the bath ofBuxton, the human body, after being immerfed, and kept at reft in it for fome time, iscovered with air-like bubbles ; but thefe bubbles appear, in the fame manner, on any folidbody whatever that may be placed in it. It is therefore fuppofed that the attraction to thehuman body of the air, commonly fufpended in water, efpecially when heated to the tempera-ture of a warm-water bath, has been miftaken for an excretion of air from the cuticle." further



??? further proved, by making an experiment, with only this difference, thatthe iron is to be ten degrees colder than the water; in this cafe littleor no air will be feparated, and of courfe no bubbles be obferved. Thebubbles of air do not appear to arife entirely from the degree of warmthof the water, but alfo in fome meafure from a folid body being immerfedin it, which appears to have a power of attracting the air, whofe affinityto the water is now weakened by heat for limply heating the water tothe fame degree will not feparate the air, as we find, by experiment, thatno bubbles are produced : and this power of attracting the air appears, infome meafure, to depend upon the folidity of the body immerfed at leaft,bodies have a greater number of bubbles in proportion to their folidity : for Upon making comparative experiments between iron, Rone, wood, and cork, the air feparated from the water upon the furface of the ironand ftone is in confiderable quantity; that upon the wood very finallyand fcarcely any at all upon the cork. It is perhaps impoffible to determine, with abfolute certainty, the featof digeftion 5 but it is more than probable it is principally in the ftomach:this, however, will not be equally the cafe in all animals. We mayventure to affirm that, in the long contracted cefophagus of the quad-ruped, digeftion does not take place ; and that the fecretion of thispart is a flimy mucus, poffeffed of no power fimilar to that of thegaftric juice, being only intended to promote the eafy paffage of thefood i while the lower end of the cefophagus in birds is

exceedinglyglandular, fecretes the principal part of the gaftric juice, and is afubftitute for the deficiency of the fecretion in the ftomach of thisclafs of animals, which in fome is lined with a horny fubftance, and in others with a cuticle- But even in birds, the feat of digeftion IS chiefly in the ftomach ; the juice fecreted in the lower part of the oefophagus be-ing conveyed into that cavity. The mucus fecreted by the other parts ofthe cefophagus, fuch as the crop in thofe who have one, has no fuchpower. It is pofiible, however, that digeftion may go on in the lowerpart of the oefophagus; for if any aigeftible fubftance ftiould be retainedin it, as may happen in many of thofe who receive whole animals intothe ftomach, as the gull and heron, who fwallow fnakes and fifh entire, the



??? the tails of which may remain in the cefophagus till the head is digefted;in fuch a cafe the tail itfelf may likewife be aÂ?ted upon. As a furtherproof that digeftion is carried on principally in the ftomach, let us obfervewhat happens to the yolk of an egg in the bird newly hatched. Theyolk is not in the leaft confumed in the time of incubation ; it appearsto be referved for the nourifhment of the chick, between the time ofhatching, and its either being fupplied with food by its parents, or beingable to procure it for itfelf -y for we find, that although the yolk paftesinto the gut at fome diftance from the ftomach, yet it is carried up tothe ftomach to be digefted; and I have even feen it in the crop, being re-tained there till wanted. In thofe animals whofe ftomach confifts of feveral cavities, the precifeplace where digeftion is carried on, has not been afcertained. I think, how-ever, it may be fet down as a faÂ?t, that digeftion goes on in the fourth cavity,This is beft proved by feeding the animal with a fubftance that does notrequire any kind of preparation for digeftion, fuch as milk. Let acalf be killed about half an hour after it has facked its mother, we fhallfind the whole milk, in the fourth cavity, firmly coagulated, and formedinto a ball; while the firft, fecond, and third cavities, contain only fuchfood as requires maftication, and what other preparation is neceffary to fitit for digeftion; fuch animals have the power of conveying the food fromthe cefophagus, either to the firft or fourth cavity, according to the na-ture of the food; and for this purpofe there is a groove leading directlyfrom the cefophagus to

the fourth ftomach, which I fuppofe can be con-verted into a canal when wanted. It is probable that digeftion is likewife carried on in the duodenum, es-pecially in its upper part; which may arile from two caufes ; one, theinteftine moft probably fecreting the fame juice with the ftomach theother, fome of the gaftric juice, and alfo part of the food, having palledinto the inteftine before it had been converted into chyle. Although the ftomach is the feat of digeftion, it is not folely appropri-ated to that purpofe : in many animals it is not to be confidered as onlya digefting bag or bags, but in part as a refervoir for food. This is moftremarkable in the ruminating animals, where the firft ftomach or bag is merely



??? merely a refervoir, and in this refped is analogous to a crop. It is thefame in the porpus, and, I believe, in moft animals of this clafs : althoughit cannot be fuppofed that they return the food, as they have not the powerto mafticate. In fome animals, who do not ruminate, there is not thefame neceffity for diftind pouches; the ftomach therefore confifis eitherof one bag, lingly; or with appendages, as in the pecari. But the wholeof this bag is not endowed with the property of fecreting the gaftric juice,there being a part whofe ftrudure is very different from that appropriatedto digeftion, which is covered by a cuticle, as in the firft, fecond, andthird ftomach of the ruminating animals, and in the firft ftomach of theporpus. The pecari, the common hog, and the rat, are inftances ofthis. This circumftance takes place, in a fmaller degree, in the horfe.This increafe of the cavity of the ftomach, and its having appendages,beyond what is neceffary for digeftion alone, is peculiar to thofe animalswho take in more food than what is immediately wanted, or which re-quires a certain degree of preparation prior to digeftion. The crop in theeagle is of the firft kind 5 and the crop in the gallinaceous fowls, andthe firft ftomach in the ruminating animals and porpus, is of the fecond.It is the difpofition of fuch animals to fill thefe cavities, and the quan-tity they contain, makes them feldomer require being filled; it is prob-ably the fenfation produced from this fulnefs which gives fatisfadion tothe animal, and takes off the further defire for food, fimilar to what hap-pens from filling the

ftomach itfelf of other animals, who having no fuchprovifion, are longer and oftener employed in purfuit of food. I fhould be apt to fuppofe the power of the gaftric juice to coagulatemilk and fome other animal mucilages2, is a teft of the ftomach being thefeat of digeftion; for although milk may be coagulated by other fubftances,\'yet when found in that ftate in the ftomach, it is probably for the purpofeof digeftion ; as milk, and many other natural fubftances, require being co~ a Milk is the fubftance commonly known to be coagulated by the gaftric juice : but I findthat it has alfo the fame power over the white of an egg. Give to a dog fome raw egg, andkill him half an hour after he has fwallowed it, the egg will be found coagulated in hisftomach, the fame as if boiled j the cryflalline humour, in the ftomachs of fifties, is likewifefound coagulated as if boiled, Z agulated



??? agulated before they can be digefted. I have found this coagulating powerin the ftomach of every animal which I have examined for that purpofe,from the moft perfedl down to reptiles; and thefe appendages which Ihave conlidered only as refervoirs preparatory to digeftion, as the fir.flftomach in the ruminating animal, and the crop in birds, have no fuchpower. The gaftric juice is a fluid fomewhat tranfparent, and a little faltifh orbrackifh to the tafte. Whether this faltilhnefs is effential, or only ac-cidental, is not eafily determined. Indeed, there are very few of ourfecretions which have not fome fait in them; for it is found in the tears,the faliva, the fecretion of the glans penis, of the glands of the urethra,and in the firft and the laft milk lecreted in the udders of animals. I fhould not be inclined to fuppofe that there is any acid in the gaftricjuice as a component or effential part of it, although an acid is very com-monly found, even when no vegetable matter has been introduced intothe ftomach1. The acid is increafed in fome difeafes, and in othersthe difpofition to form it may be deftroyed; which may be the reafonwhy, by a kind of inftindtive principle, many girls are fond of eatingfour fruit, and of drinking vinegar; while others, on the contrary, froma different caufe, often eat chalk, lime, and other fubftances of thatkind : but the acid not being always found, it is not yet determined onwhat occalions it is formed, or in what manner it is deftroyed. s The only trial to which I ever put the gaftric juice, (to afcertain if it was acid) waswith the fyrup of violets ; and in many of the trials

the colour of the mixture was changed tored: but it is neceilary for the accuracy of the experiment, which is to determine this faÂ?tsthat the animal fhould not be fed upon vegetables for fome time before the trial is made, theybeing liable to become in fome degree four ; therefore it is hardly fair to make the experi-ment on the contents of the ftomach of animals who live upon vegetables. In many trials ofthis kind, we may be deceived, and led to fuppofe an alkali. For certain animal fecretionsbeing of a yellow caft, when fuch are mixed with the fyrup of violets, the mixture is changedto a green. The truth of the experiment may, however, be known by adding a little acid;for if the green has been produced merely by a mechanical mixture, it will become imme-diately a fcarlet, by being then a mixture of red and yellow; but if the fecretion is not onlyof a yellow colour, but of an alkaline nature, it will alfo continue green ; and by adding alittle more acid than what faturates the alkali, the colour will then become that of orange. The



??? The procefs of digeftion differs from every other natural operation inthe change of bodies. It is by no means fermentation, though it mayfomewhat refemble it. For fermentation is a fpontaneous procefs, andis that natural fucceflion of changes by which vegetable and animalmatter is reduced to earth ; therefore mufl be widely different from digef-tion, which converts both animal and vegetable fubftances into chyle;in the formation of which there cannot be a decompofition, fimilar tofermentation. Digeftion is very different from chymical folution, which is only anunion of bodies by elective attraction, not a real change of the fubftancesthemfelves, but of their properties. But digeftion is an affimilatingprocefs, and In this rcfpeCt is fomewhat limilar in its action to morbidpoifons. It is a fpecies of generation, two fubftances making a third ;but the curious circumftance is its converting both vegetable and animalmatter into the fame kind of fubftance or compound, which no chymi-cal procefs can effect. The chyle is compounded of the gaftric juice,and digeftible fubftances when perfectly converted; and it is probable thatthe quantity of gaftric juice is nearly equal to that part of the food thatis really converted into chyle; if fo, it demonftrates the neceffity ofa very quick fecretion, to fupply a quantity fo very conliderable j but itis not loft to the conftitution. The progrefs of the converfion of food into chyle, is often well feeri inthe ftomach of animals at different times after feeding, or even in thefame meal. Fifties are good fubjects on which to make obfervations forthis

purpofe, as they fwallow their food whole ; that food is commonlyfifh, and often too large to be completely admitted into the ftomach.As they do not mafticate their food, it is not adapted to the cavity of theftomach; and we therefore often find part of it lying in the cefophagus,a circumftance from which the comparative progrefs of digeftion becomesmore obvious. It may alfo be well obferved in the ftomach of a dog, in which thewhole that it contains has been fwallowed at the fame time. In the greatend the food will be but little altered; towards the middle, more; andtowards the pylorus, will be fimilar to what is found in the duodenumÂ? Z 2 From



??? From the ftruCture of the ftomach in ruminating animals, they arebadly adapted to affift our inquiries on this fubjeCt; becaufe whatever isfwallowed in a hard folid form, and unfit for digeftion, requiring to beruminated, as metalic balls, will often be thrown out when returnedinto the mouth to be mafticated; or it may lie a long time in the firftftomach without being either thrown up or paffed into the fourth, as Ihave frequently feen ; therefore the chance of its getting into the fourthftomach in a proper time to fit it for the objeCt of an experiment, beingvery uncertain, no great light can be derived from trials on animals ofthis clafs. Live or frefh vegetables, when taken into the ftomach, are firft killed,by which a flabbinefs in their texture is produced, as if boiled, and thenthey begin to be aCted upon by the gaftric juice. Meat appears to undergo no change, as preparatory to digeftion, butfeems at once to fubmit to its union with the gaftric juice : for after it hasbeen aCted upon, firft, it appears to lofe its texture; then becomes cineri-tious in colour ; next gelatinous; and laft, chyle. The firft change madeupon milk, and fome other fecretions, as the yolk and white of an egg,is coagulation ; after which the gaftric juice begins to acquire a powerof union with them. The firft change which is produced on animal fubftances, out of thebody, when either expofed to heat, or becoming putrid, is fimilar to thefecond of the three changes which takes place in digeftion, and is onlypreparatory to the complete change, whether digeftion or putrefaction. It appears from many experiments, that the

digefted or annualizedpart, when carried into the inteftine, is attracted by, or clings to itsvillous coat as if entangled among the villi; while the excrementitiouspart, fuch as bile, is found lying unconnected in the gut, as if feparatedfrom the other. The food of moft animals confifts either of vegetable or animal fub-ftances j and vegetables feem intended to fupport one clafs, with a viewto its being the food of another. Although there are claftes of animalsintended to fubfift on each particular kind of food, yet they do not allinvariably keep to the fame kind in every ftage of life; many being nou-rished



??? rifhed by animal food when young, that afterwards live on vegetables:which circumftance will be more fully difcuffed when treating of the firftfood of pigeons. All ftomachs do not equally digeft the fame fubllance, although it betheir natural food. The caterpillar digefts the expreffed juice, but notthe fubftance; while other animals are capable of diffolving the whole.Some animals, as the common cattle, can feed on a variety of vegetablesalthough they may have a preference; but there are others that willhardly eat more than of one kind. This is the cafe with infe&s in ge-neral, and the filk-worm will fcarcely touch any thing but mulberry-leaves. I believe thofe that live upon animal food are not fo reftridiedin their choice. It is probable that, all animal and vegetable fubftances are equallycapable of being digefted, if equally foft in their texture ; but fome beingmuch firmer in that refped;, and others alfo united with indigeftible mat-ter, as the earth in bones, they more ftrongly refill the powers ofthe gaftric juice, therefore maftication, and trituration, become necefiaryto bring them to a fimilar confiftence. But fubftances may be renderedtoo foft; for a fluid is difficult of digeftion : we may obferve that,nature has given us very few fluids as articles of food ; and to renderthofe few fitter for the adtion of the digeftive powers, a coagulating prin-ciple is provided to give them fome degree of folidity3. It is not eafy toaffign a reafon for a fluid ftate being unfavorable to digeftion; more par-ticularly as it feems effential to fermentation and chymical folution. Theneceffary

degree of folidity is, I fhould fuppofe, that of curd, or what isproduced by the coagulation of animal mucilages, as of the white ofan egg but this is only fuppofition, founded on the idea that nature\'sgeneral principles are right, all the correfponding parts being adapted toone another, except when monftrous, either in form or aftion. Maftication is the effed of a mechanical power, produced by parts par-ticularly provided for that purpofe, which are of various kinds, fitted for * The circumftance of the cryftalline humour, which is folid, being coagulated, prior toits being digefted, renders it probable that all animal fubftances go through that procefs; andthat the lofs of texture, which they undergo, arifes from coagulation. that



??? that fort of food the animal is by nature intended to live upon ; and maybe imitated with equal advantage by many other pieces of mechanifm. The mafticating powers are of three kinds. The firft is that whichmerely fits the fubflance for deglutition, as in the lion, and many othercarnivorous animals ; and in the ruminating tribe renders the food fit to befwallowed, to undergo that preparation in the firft ftomach which is ne-ceffary before it is further mafticated for digeftion. The fecond is, thatwhich not only fits the food for deglutition, but expofes it to the adionof the gaftric juice, by breaking the fhells or hufks in which the nou-riftiment is contained and defended from the powers of digeftion. Andthe third is, that which bruifes and divides the food by chewing, beforeit is received into the ftomach, as happens to moft vegetables; whichmafticatiori, although of confiderable fervice, is not abfolutely neceffary.It however produces great faving in food. The hufk, of all the feeds of plants, although a vegetable fubftance,appears to be indigeftible in a natural ftate; whether this arifes fromthe nature of the hufk itfelf, or from its compadnefs, I am not quitecertain, but am inclined to fuppofe the laft; as we find the cocoa,which is only a hufk, is digeftible when ground to a powder and wellboiled. We know likewife, that cuticle, horn, hair, and feathers, althoughanimal fubftances, are not affeded, in the firft inftance, by the gaftricjuice; yet if reduced in Papin\'s digeftor to a jelly, that jelly can be adedupon in the ftomach j we muft therefore fuppofe that, a

certain naturaldegree of folidity in animal and vegetable fubftances renders them indi-geftible. This compadnefs in the hufk feems to be intended to preferve,wdiile under ground, the farinaceous part of the feed, in which the livingprinciple is placed, as the hufk has probably no other power of refillingputrefadion but what arifes from its texture. Whatever may be the ufeof the hufk, it muft be conneded with the vegetative procefs of the plant.The fame purpofe of prefervation is probably anfwered by the fhells ofall ova. Although hufks are not capable of being diffolved in thegaftric juice, yet they allow of tranfadation, and the feed is in feme de-gree affeded by it, which is known by its fwelling in die ftomach j yetit can only take up a certain proportion of it, but not fufticient to con-vert



??? vert it into chyle, the gaftric juice having no power of action upon thehufks themfelves. The effential oils of vegetables and animals are indigeftible ; but arefoluble either in the gaftric juice or chyle, by which means they becomemedicinal, from their ftimulating powers. The eftential oil of vegetables,but more particularly that of animals, would feem to pervade the very fub-ftance of thofe animals whofe food contains much of this oil. Thus wefind fea-birds, whofe conftant food is fifh, tafte very ftrongly of fifti;and thofe who live on that kind of food, only during certain times of theyear, as the wild duck, have that tafte only at fuch feafons. This fad isfo well known, that it was hardly neceffary to put it to the teft of anexperiment, yet I tuok two ducks, and fed one with barley, the otherwith {prats, for about a month, and killed both at the fame time; whenthey were dreffed, the one fed wholly with fprats was hardly eatable, ittafted fo ftrongly of fifh. Although bones are in part compofed of animal fubftance, and fo fardigeftible, yet they require ftronger powers of digeftion than commonmeat, from the animal fubftance being guarded by the earth. Thus theanimal part of a bone is lefs readily foluble in an alkali than flefh, oreven the animal part when deprived of its earth by an acid; nor will abone fubmit to putrefaction fo readily as meat,, being guarded by the cal-carious earth ; therefore animals who live upon others, and fwallow themwhole, as the heron, more eafily digeft bone than thofe who are not ac-cuftomed to fwallow bones, as the crow and magpye, who

commonlyonly pick the flefh. The degree of eafe, or the contrary, with which fubftances are digefted,will not only ariie trom a difference in folidity, but from a difference inthe ftruCture of the parts themfelves. Brain, liver, mufcle, and tendon,are digeftible in the order here put down. There is not only a difference in the degree of readinefs with whichthe various- kinds of natural food are digefted ; but thefe can alio be madeto undergo changes by art, that render them ftill more eafy of digeftion.For it appears that both boiled and roafted, and even putrid, meat iseafier of digeftion than raw 3 at leaft I have found it fo in my experi-mentsÂ?



??? ments. This may be fuppofed to arife in the two fir ft, from their juices be-ing coagulated ; but will not hold good with regard to the putrid. A rawegg is thought more eafy of digeftion than an egg hard boiled, althoughthe raw one muft be coagulated in the ftomach before it can be digefted,It may be obferved, that what is eafy of digeftion in one ftomach will notbe fo in another; in which laft cafe the ftomachs, I believe, are nothealthy. The whole of the food in many animals appears not to be digefted,the fubftance in part being found in the fseces ; for if a dog is fedwith tallow, his excrements will confift of a fomewhat firm unctuousfubftance ; fo that the oil is only digefted in part. This circumftance offome part of the food, though digeftible, not being acted upon by thegaftric juice, may arife from two caufes; firft, many parts of vegetablesbeing too firm in texture to be digefted in the fame time with the otherfood, are therefore carried along in a crude ftate, together with the chyle,into the duodenum; and fecondly, from the ftomach at the time beingfo much difordered as to digeft imperfectly. We know that food maylie a confiderable time in the ftomach, when difeafed, without beins o digefted, Food has been retained in the ftomach twenty-four hours, andthrown up without being in the leaft altered; the animal at the timenot requiring nouriftiment, as is the cafe with thofe who go to reft in thewinter. The powers of digeftion may, in fome inftances, be afcertained by the ,appearance of the excrement, in which if the food appear not to be muchaltered,

we may conclude, that this power has had little or no influenceon it. Thus the excrement of a flea, that has lived on blood, is nearly toappearance pure blood, not having even loft its colour. Animals eat in proportion to the quantity of nourifhment contained inthe food, of which the ftomach, from inftinct, appears to be fenfible jand alfo in proportion to the powers of converting what they eat intochyle. A caterpillar, perhaps, eats more in proportion to its fize thanany other animal that lives on the fame kind of food not having thepower of diflolving the vegetable, only of extracting a juice or infufion from



??? from it â€? for the bit of leaf comes away entire, being coiled up and harden-ed; but by being put into water unfolds like tea. There are few animals that do not eat animal food in fome form orother j while there are many who do not eat vegetables at all; andtherefore the difficulty to make the herbivorous eat meat, is not fo great,as to make the carnivorous eat vegetables. Where there is an in-ftindtive principle in an animal, directing it either to the one fpecies offood or the other, the animal will certainly die, rather than breakthrough that natural law, but may be made to violate every naturalprinciple by artificial means. That the hawk tribe can be made tofeed upon bread, I have known thefe thirty years; for to a tame kiteI firil gave fat, which it eat very readily ; then tallow and butter 5 andafterwards fmall balls of bread rolled in fat or butter, and by decreaf-ing the fat gradually, it at laft eat bread alone, and feemed to thriveas well as when fed with meat. This, however, produced a difference inthe confiftence of the excrements; when it eat meat they were thin,and it had the power of throwing them to fome diftance j but when iteat bread, they became firmer in texture, and dropped like the excre-ment of a common fowl. Spallanzani attempted, in vain, to make aneagle eat bread by itfelf; but by en doling the bread in meat, fo as todeceive the eagle, the bread was fwallowed, 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 qr

vegetable^each of which is adapted to diftinft clafles of animals, it is natural tobelieve that the excrementitious part of each will be different ^ and wherethe animal feeds upon both, that the excrement will be of a mixed na-ture; although this appears probable, it is only true in fome degree jfor other circumftances muff be attended to, as the mode of digeftion*and whether the animal has a cascum and colon, with their peculiarform, all which varieties have a connection with the changes the foodundergoes. Vegetable food produces more excrement than animal, andthis according to the kind or parts of vegetables. The woody parts andhulks, which are indigeftible, produce the moft; the true farinaceouspart the leaft ; why there fhould be any at all from the farinaceous* and A a animal



??? animal fubftance, except what had eluded the aCtion of the digeftive or-gans, is not eafily accounted for. All feces have a tendency to putrefaction, but leaft in thofe animalswho feed on vegetables. Indeed, the excrement from vegetable foodalone, could hardly ever become putrid if it was not mixed with themucus of the inteflines -> and would even then be kept fweet by the ten-dency which undigefted vegetables have to take on the vinous and acetousfermentation. But the faeces of thofe which live entirely on animal food,in general very foon become putrid; and indeed often before they arevoided : however, fuch animals have either no cascum or colon for ifthey have, it is very fhort, fo that the excrement is not long retained,therefore has lefs time to become putrid. When the faces ftagnate fo asto take on either the vinous or putrefactive fermentation, air is let loofe,which will be according to the nature of the fermentation moft proba-bly, from the vegetable it will be fixed, and from the animal, inflammableair. The fseces of moft animals are tinged by the bile, which in fomegives them a yellowifh green colour; in the bird they are generallygreen, but fometimes white, from being mixed with the urine. Thefeces of the maggot appear to be loaded with bile; for befides beingyellow, they are extremely bitter, which is known by eating the kernelof a nut that has a maggot in it. Some kinds of food, when not whollydigefted, give a tinge to the faeces, as grafs to the excrement of cows. Thofe animals which feed upon vegetables alone, commonly

have theirfasces fomewhat folid j but this will vary according to the ftate of the ve-getable, whether green or dried; therefore the kind of feces would feem todepend on the nature of the indigeftible part of the food, and muft vaiyaccording to the digeftive powers in different animals: an animal thatfeeds upon grafs, has the feces much fofter than the fame animal whenfed on the fame kind of grafs made into hay, the feces of the heibivorousanimals being fofter in the fummer than the winter: but green vege-table food does not produce foft feces in all animals ; for the caterpillar,which lives upon the leaves of vegetables, has its feces almoft dry; andwe find in fome ruminating animals, as fheep, that the difference in the feces \\



??? feces, during fummer and winter, is inconfiderable. Moft quadrupeds,and birds, that live principally upon vegetables, have their caeca large,and the colon long, as many of the ruminating animals. Some havethe colon both long and large, as the horfe, and the rat tribe; whichcircumftance has confiderable effects on the faeces, allowing them to be-come dry : in a few of the ruminating animals, and of the rat kind, theyare formed into fmall portions. The feces of quadrupeds, that live upon animal food, are commonlyfoft, and in birds, are fluid; but in fuch as live on both animals and vege-tables, they are in confiftence of a mixt nature, and will be more or lefsfoft, according to the food. If a dog is fed entirely on animal fubftance,its feces will be foft; if wbully un vegetable, as bread, they will be-come fo hard as to be expelled with difficulty. Spallanzani made fome experiments, to prove that digeflion is carriedon after death; but they are not fo conducted as to correfpond with theappearances in the dead body. An experiment, although it may be verywell and accurately made, fo far as the experiment goes, â€? if it does notpreferve a clofe connection with the purpofe for which it was made, theconclufions to be drawn from it cannot correfpond with the intention.This is exactly the cafe with the experiments of Spallanzani, which al-though they prove that meat was digefted in the ftomach after theanimal was killed, (which no one doubted) yet are not at all calculatedtq fhow that the ftomach itfelf may be digefted. In fact, the mode inwhich they were

managed, rather tended to prevent that effect fromtaking place, the gaftric juice having fubftances introduced on. which itcould act, was lefs likely to affect the coats of the ftomach. That thedigeftion was nut carried on merely by the gaftric juice fecreted beforedeath, is evident from his own account, fome of the food which hadbeen introduced and digefted, being found in the duodenum ; a thing thatcould not have happened, if a ceffation of the actions of life in the invo-luntary parts had taken place when vifible life terminated. There hadbeen an action, and molt probably a fecretion, in the ftomach. Theonly experiment that can be made with any probability of a decided refultis, to kill the animal while the ftomach is empty, and obferve what af- A a 2 terwards



??? terwards takes place. There are very few ftomachs that have not, whenexamined after death, fome of the inner villous coat destroyed j whichmay have been done by the gaftric juice in the duds of the glands whichfecrete it. Dr. Stevens, in aii inaugural dilfertation, publilhed at Edinburgh 1777,gives a number of experiments on digeftion, fome of which are well de-vifed, to afcertain the fubftances that are eafteft of digeftion, the thingin fad more wanted, than the caufe of that procefs ; but many ofhis experiments, more efpecially thofe on ruminating animals, are notmade with fufficient accuracy. How the chopped hay and pot-herbscame to be fo much changed in the firft ftomach of a ruminating ani-mal I cannot conceive, as I have reafon to believe it has not the leaftpower of digefting; and fhould doubt very much that hay could havebeen wholly digefted in any ftomach. His experiment which was madeon fubftances out of the body, proves that the gaftric juice is not ablein all cafes to prevent the vinous and acetous fermentation in vegetables;which circumftance I believe often takes place in the living body, whenthe ftomach is weak. He feems to be in fome apprehenfion for the fafetyof the ftomach itfelf, from the adion of fo powerful a folvent as thegaftric juice : he is inclined, however, to fuppofe that the living powersof the animal may be a guard againft fuch effeds; but is Hill difpofedto fear that, in all cafes thefe may not be fufficient. The living power, in the ftomach, muft be indeed very weak to allowof its being digefted; and in that cafe I fufped

the fecretion of thegaftric juice would be fo defedive, as to prevent fuch effeds being pro-duced. Dr. Stevens gives two cafes, with the difiedion, to prove that the livingftomach has not always the power to relift the adion of the gaftricjuice : but he has not made it clear, that thofe very ftomachs might nothave been digefted after death. The appearance of the edges of thehole fhould have been more particularly defcnbed; for if it took placebefore death, it is probable it was owing to ulceration, which I havefometimes feen. Men fhould be very accurate in afcertaining fads9before they advance them, efpecially when thefe are either to overturn a received



??? received opinion, or to eftablilh a new one. As to the fa6t, of livinganimals being fwallowed and digefted, no frelh proofs are neceffary, as weare eating oyfters every day ; but this does not prove that they are digeftedwhile alive. In his experiments made on ruminating animals, and thedog, 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 diiiolving certain fubftances only"; which is certainly not true. Mr. Senebier relates fome experiments made by Mr. Gofte, upon him-felf, and which hardly contain any thing, except a curious conjectureof Mr. Senebier\'s, that diftention of the ftomach is the caufe of thefecretion of the gaftric liquor. He mentions the fubftances, both animaland vegetable, which are not dlgeitible ; then thofe difficult of digeftion ;afterwards thofe eafily digefted ; alfo what fubftances facilitate digeftion jand what retard it; but if we are to judge of thefe faÂ?ts from the experi-ments he has made to afcertain them, I am inclined to believe they havenot been made with fufficient 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 defire of the late Sir John Pringle, when he wasprefident of the Royal Society; and the circumftance which led to thisis as follow: I was opening, in his prefence, the body of a patient ofhis own, where the ftomach was in part dilTolved, which appeared tohim very unaccountable, as

there had been no previous fymptom thatcould have led him to iulpeCt any difeafe in the ftomach. I took thatopportunity of giving him my ideas refpeding it; and told him that, Ihad long been making experiments on digeftion, and confidered this asone of the fads which proved a converting power in the gaftric juice. Imentioned my intention of publifhing the whole of my obfervations onthis fubjedt at fome future period; but he defired me to give this factby itfelf, with my remarks, as it would prove that there is a folventpower in the ftomach, and be of ufe in the examination of dead bodies. An



??? An accurate knowledge of the appearances in animal bodies that die ofa violent death, that is, in perfect health, or in a found ftate, ought tobe confidered as a necelfary foundation for judging of the ftate of thebody in thofe that are difeafed. But as an animal body undergoes changes after death, or when dead,it has never been fufficiently confidered what thofe changes are; and tillthis be done, it is impofiible we fliouid judge accurately of the appear-ances in dead bodies. The difeafes which the living body undergoes(mortification excepted) are always connected w.\'th the living principle,and are not in the leaft fimilar to what may be called difeafes or changesin the dead body: without this knowledge, our judgment of the appear-ances in dead bodies muft often be very imperfect, or very erroneous;we may fee appearances which are natural, and may fuppofe them tohave arifen from difeafe; we may fee difeafed parts, and fuppofe them ina natural ftate and we may fuppofe a circumftance to have exifted beforedeath, which was really a confequence of it; or we may imagine it to bea natural change after death, when it was truly a difeafe of the livingbody. It is eafy to fee therefore, how a man in this ftate of ignorancemuft blunder, when he comes to connect the appearances in a dead bodywith the fymptoms that were obferved in life j and indeed, all the ufe-fulnefs of opening dead bodies depends upon the judgment and fagacitywith which this fort of comparifon is made. There is a cafe of a mixed nature, which can neither be reckoned

aprocefs of the living body, nor of the dead it participates of both, inaf-much as its caufe arifes from life, and the efFeCt cannot take place tillafter death. To render this more intelligible, it will be necelfary to givefome general ideas concerning the caufe and effedts. An animal fubftance, when joined with the living principle, cannotundergo any change in its properties but as an animal this principlealways aCting and preferving the fubftance, poffefted of it from diffolu-tion, and from being changed according to the natural changes whichother fubftances undergo. There are a great many powers in nature, which the living principledoes not enable the animal matter, with which it is combined, to refill, viz.



??? viz. the mechanical and moft of the ftrongeft chymical folvents. It ren-ders it however capable of refilling the powers of fermentation, digeftion,and perhaps feveral others, which are well known to ait on this famematter, when deprived of the living principle, and entirely to decompofeit. The number of powers, which thus act differently on the living anddead animal fubflance, is not afcertained: we fhall take notice of two,which can only affect this fubflance when deprived of the living princi-ple ; which are, putrefaction and digeftion. Putrefaction is an effectwhich arifes fpontaneoufly; digeftion is an effect of another principleacting upon it, and fhall here be confidered a little more particularly. Animals, or parts of animals, poffeffed of the living principle, whentaken into the itomach, are not in the leaft affected by the powers of thatvifcus, fo long as the animal principle remains; hence it is that we findanimals of various kinds living in the ftomach, or even hatched and bredthere : but the moment that any of thofe lofe the living principle, theybecome fubject to the digeftive powers of the ftomach. If it were pof-fible for a man\'s hand, for example, to be introduced into the ftomachof a living animal, and kept there for fome confiderable time, it wouldbe found, that the diffolvent powers of the ftomach could have no effectupon it; but if the fame hand were feparated from the body, and intro-duced into the fame ftomach, we fhould then find that the ftomach wouldimmediately act upon it. Indeed, if this were not the cafe, we fhould find that the ftomach it-fe]f

ought to have been made of indigeftible materials; for if the livingprinciple was not capable of preferving animal fubftances from undergo-ing that procefs, the ftomach itfelf would be digefted. But we find on the contrary, that the ftomach, which at one inftant,that is, while poffeifed of the living principle, was capable of refillingthe digeftive powers which it contained, the next moment, viz. whendeprived of the living principle, is itfelf capable of being digefted, eitherby the digeftive powers of other ftomachs, or by the remains of thatpower which it had of digefting other things. From thefe obfervations we are led to account for an appearance whichwe often find in the ftomachs of dead bodies j and at the fame time they throw



??? throw a confiderable light upon the nature of digeftion. The appearancewhich has been hinted at, is a dilfolution of the ftomach at its greateflextremity; in confequence of which, there is frequently a confiderableapperture made in that vifcus. The edges of this opening appear to behalf dilfolved, very much like that kind of dilfolution which flefhy partsundergo when half digefted in a living ftomach, or when dilfolved by acauftic alkali, viz. pulpy, tender, and ragged. In thefe cafes, the contents of the ftomach are generally found loofein the cavity of the abdomen, about the fpleen and diaphragm. In manyfubjedts this digeftive power extends much further than through theftomach. I have often found, that after it had dilfolved the ftomach atthe ufual place, the contents of the ftomach had come into contad: withthe fpleen and diaphragm, had partly dilfolved the adjacent fide of thefpleen, and had dilfolved the diaphragm quite through; fo that the con-tents of the ftomach were found in the cavity of the thorax, and had evenaffeded the lungs in a fmall degree. There are very few dead bodies in which the ftomach is not, at itsgreat end, in fome degree digefted ; and one who is acquainted with dif-fedions, can eaftly trace the gradations from the fmalleft to the greateft. To be fenfible of this effed, nothing more is neceftary than to com-pare the inner furface of the great end of the ftomach with any otherpart of the inner furface; what is found will appear foft, fpongy, andgranulated, and without diftind blood-velfels, opake and thick ; whilethe other will appear fmooth,

thin, and more tranfparent; and the vef-fels will be feen ramifying in its fubftance, and upon fqueezing the bloodwhich they contain from the larger branches to the fmaller, it will befound to pafs out at the digefted ends of the velfels, and appear like dropson the inner furface. Thefe appearances I had often feen, and I do fuppofe that they hadbeen feen by others; but I was at a lofs to account for them; at firft,I fuppofed them to have been produced during life, and was therefore dif-pofed to look upon them as the caufe of death; but I never found thatthey had any connexion with the fymptoms: and I was ftill more at alofs to account for thefe appearances, when I found that they were moft frequent



??? frequent in thofe who died of violent deaths, which made me fufped thatthe true caufe was not even imagined3. At this time I was employed in making many experiments upon digef-tion, in different animals, all of which were killed, at different times,after being fed with various kinds of food ; fome of them were not openedimmediately after death, and in fome of them I found the appearancesabovedefcribed in the ftomach. For purfuing the inquiry about digef-tion, I procured the ftomachs of a vaft variety of fifties, which all die ofviolent deaths, and may be faid to die in perfect health, with theirftomachs commonly full. In them we fee the progrefs of digeftion moft diftinflly ; for as they fwallnw their fnod. whole, that is, without mafti- cation, and fwallow fifh that are much larger than the digefting partof the ftomach can contain, the fhape of the fifh which fwallows beingvery favourable for this inquiry, we find in many inftances the part fwal-lowed, which is lodged in the digefting part of the ftomach, is more orlefs diftblved, while that which remains in the oefophagus is perfectlyfound : and in many of thefe I found, that the digefting part of theftomach was itfelf reduced to the fame diftblved ftate as the digefted partof the food. Being employed upon this fubjedt, and therefore enabled to accountmore readily for appearances which had any connection with it, and ob-ferving that the half-diffolved parts of the ftomach, were fimilar to the a The fir ft time that I had occafion to obferve this appearance, in fuch as died fuddenlyfrom violence in the living body,

and in whom therefore I could not eafily fuppofe it to bethe effect of difeafe, was in a man who had his fkull fractured, by one blow of a poker.Juft before this accident, lie had been in perfect health, and had taken a hearty fupper ofcold meat, cheefe, bread, and ale. Upon opening the abdomen, I found that the ftomach,though it ftill contained a good deal, was difiolved at its great end, and a confiderable partof thefe its contents lay loofe in the general cavity of the belly; a circumftance whichpuzzled me very much. The fecond inftance was in a man who died at St, George\'s Hof~pital, a few hours after receiving a blow on his head, which fractured his fkull. From thefetwo cafes, among various conjectures about fo ftrange an appearance, I began to fufpect itjnight be peculiar to cafes of fractured fkull; and therefore, wheenver I had an opportunity,I examined the ftomach of every perfon who died from that accident; but I found many ofthem which had not this appearance. I afterwards met with the fame appearance in a manwho had been hanged, B b half-



??? half-digefted food; it immediately ftruck me, that it was the procef?of digeftion going on after death; and that the ftomach, being dead, wasno longer capable of refilling the powers of that menftruum, which it-felf had formed for the digeftion of food. With this idea, I fet aboutmaking experiments to produce thefe appearances at pleafure, whichwould have taught us how long the animal ought to live after feeding,and how long it fbould remain after death before it is opened; andabove all, to find out the method of producing the greateft digeftive powerin the living ftomach. Thefe appearances throw confiderable light on the principles of digef-tion, and fhow, that it is neither a mechanical power, nor contractions ofthe ftomach, nor heat, but fomething fecreted in the coats of the ftomach,and thrown into its cavity, which there animalifes the food, or affirm-lates it to the nature of the blood. The power of this juice is confinedor limited to certain fubftances, efpecially of the vegetable and animalkingdoms ; and although this menftruum is capable of aCting independ-ently of the ftomach, yet it is indebted to that vifcus for its continuance. EXPLANATION
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??? \'t â– /..,,



??? explanation of the plate, A Portion of inteftine of a hog, the peritoneal coat of which is coveredin feveral places with fmall pellucid cyfts, containing airÂ?It was fent to me by my friend Mr. Jersner, furgeon, at Berkley, whoinformed me, that this appearance is found very frequently upon the inÂ?teftines of hogs that are killed in the fummer monthsÂ? A The portion of the mefentery. B The portion of inteftine on which the air-cells are fituatedL ON B b 2



???



??? on a secretion in the crop of breed-ing pigeons, for the nourishment oftheir young. HE nourifhment of animals admits, perhaps, of as much variety in the mode in which it is performed, as any circumftance con-nected with their ?“conomy ; whether we conlider their numerous tribes,,the different ftages through which every animal pafles, or the food adaptedto the fupport of each, in their diftinCt conditions and fituations. Weare likewife to include in this view, that endlefs variety, in the means bywhich 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 everyperiod of the life of an animal if every individual of a tribe lived onthe fame kind, and procured it by the fame mode, our fpeculations wouldthen admit of a regular arrangement. But when we fee that the foodadapted to one ftage of an animal\'s life is rejected at another ; and thatanimals of one clafs are in fome refpeCts fimilar to thofe of another,having hardly any food peculiar to themfelves, the fubjeCt becomes fbcomplicated* that it is not furprifing if we are at a lofs to arrange thevarious modes by which animals are nourifhed. Animal life may not improperly be divided into three ftates, or ftages.The firft comprehends the production of the animal and its growth in thef?“tal flate : the f?Šcond commences when it emerges from that ftate, by whatis called the birth ; yet for a certain time muft, either mediately or im-mediately, depend on the parent for fupport : the third, may be faid totake place: when the animal is fit and at

liberty to aCt for itfelf. The firftand third ftages are perhaps common to all animals ; but there are fomeclaffes, as fifhes, fpiders, &c. which feem to have no f?Šcond ftage, butpafs direCtly from the firft, to what is the third in other animals.. Ofthofe requiring a f?Šcond ftage, the polypus and the viviparous animals; continue.-



??? continue to derive their nouriihment immediately from the parent; whilethe oviparous are for fome time fupported by a fubftance originally formedwith them, and referved for that purpofe. There is infinite variety in the means by which nature provides for thefapport of the young in this fecond ftage of animal life. In many infeCtsit is eÂ?feÂ?led by the female inftindively depoliting the egg, or whatevercontains the rudiments of the animal, in fuch a fituation that, whenhatched, it may be within reach of proper food : others, as the bee andblackbeetle, colled a quantity of peculiar fubftance, which both ferves asa nidus for the egg, and nouriihment for the maggot, when the embryoarrives at that ftate. Moft birds, and many of the bee tribe, colled foodfor their young; when at a more advanced period, the talk of feedingthem is performed by both male and female, with an exception in thecommon bee, the young ones of which are not fed by either parent, butby the working bees, who ad the part of the nurfe. There is likewifea number of animals capable of fupplying nouriihment proper for theiroffspring, during this fecond ftage, immediately from their own bodies ;which mode of nouriihment has hitherto been fuppofed to be peculiar tothat clafs of animals which Linnaeus calls Mammalia; nor has it, Iimagine, been even fufpeded to belong to any other. I have, however, in my inquiries concerning the various modes inwhich young animals are nourilhed, difcovered that all of the dove kindare endowed with a limilar power. The young pigeon, like the youngquadruped, till it is capable of

digefting the common food of its kind, isfed with a fubftance fecreted for that purpofe by the parent animal : notas in the Mammalia by the female alone ; but alfo by the male, which,perhaps, furnilhes this nutriment in a degree ftill more abundant. It is acommon property of birds, that both male and female are equally em-ployed in hatching, and in feeding their young in the fecond ftage; butthis particular mode of nouriihment, by means of a fubftance fecreted intheir own bodies, is peculiar to certain kinds, and is carried on in the crop. Belides the dove kind, I have fome reafon to fuppofe parrots to beendowed with the fame faculty, as they have the power of throwing upthe contents of the crop, and feeding one another. I have feen the cock paroquet



??? paroquet regularly feed the hen, by firft filling his own crop, and thenfupplying her from his beak. Parrots, macaws, cockatoos, &c. whenthey are very fond of the perfon who feeds them, may likewife be ob-ferved to have the adtion of throwing up the food, and often do it. Thecock pigeon, when he careffes the hen, performs the fame kind of adtionas when he feeds his young; but I do not know, if at this time, hethrows up any thing from the crop. During incubation, the coats of the crop, in the pigeon, are graduallyenlarged and thickened, like what happens to the udder of females ofthe clafs Mammalia, in the term of uterine geftation. On comparing theftate of the crop when the bird is not fitting, with its appearance duringincubation, the difference is very remarkable. In the firft cafe it is thinand membranous â€? but by the time the young are about to be hatched,,the whole, except what lies on the trachea, becomes thickened, and takeson a glandular appearance, having its internal furface very irregular*.It is likewife evidently more vafcular than in its former ftate, that it mayconvey a quantity of blood, fuificient for the fecretion of this fubftance,which is to nourifli the young brood for fome days after they are hatched. Whatever may be the confidence of this fubftance, when juft fecreted,it moft probably very foon coagulates into a granulated white curd; forin fuch a form I have always found it in the crop ; and if an oldpigeon is killed juft as the young ones are hatching, the crop will befound as above defcribed, and in its cavity pieces of white curd

mixedwith fome of the common food of the pigeon, fuch as barley, beans,&c. If we allow either of the parents to feed the young, its crop,when examined, will be difcovered to contain the fame curdled fubftance;which paffes from thence into the ftomach, where it is to be digefted. The young pigeon is fed for fome time with this fubftance only, andabout the third day, fome of the common food is found mingled withit; and as the pigeon grows older, the proportion of common food isincreafed; fo that by the time it is feven, eight, or nine days old, thefecretion of the curd ceafes in the old ones, and of courfe no more will a Vide Plate II, be



??? be found in the crop of the young. It is a curious fad, that the parentpigeon has at firft a power to throw up this curd without any mixtureof common food, although afterwards both are thrown up according tothe proportion required 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 greaterrefemblance to curd, than we are perhaps aware of; for neither this fe-cretion, nor curd, from which the whey has been preffed, feem to containany fugar, and do not run into the acetous fermentation. The propertyof coagulating is confined to the fubftance itfelf, as it produces no fucheffect when mixed with milk, This fecretion in the pigeon, like all other animal fubftances, becomesputrid by ftanding ; though not fo readily as either blood or meat, itrefitting putrefaction for a confiderable time; neither will curd, muchpreffed, become putrid fo foon as either blood or meat. PLATE
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??? The crop in the pigeon is probably more in the middle of the neckthan in any other bird, being two equal bags, as it were, paffing out,laterally, from the cefophagus ; while in moll other birds it is a little onone fide. The cefophagus of thofe birds who have crops, may be dividedinto two, a fuperior and inferior. The fuperior is that which leads fromthe mouth to the crop the inferior, from the crop to the gizzard. The crop was inverted and diftended with fpirits. It Ihows theappearance of its internal furface. A The inner furface of the fuperior cefophagus. B B The infide of the two projecting bags of the crop. E The inferior oefophagus, leading from the crop to the gizzard. D D D D Glands fituated on the lower part of the crop, and continued HE crop, taken from a pigeon when it had no young ones. into the inferior cefophagus.E A glandular ftruCture upon the inner furface of this cefophagus, juftbefore it terminates in the gizzard, for the purpofe of fecreting afubftance analogous to the gaflric liquorÂ? C c PLATE
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??? PLATE XL THE crop, from a male pigeon, while the female was breeding, tofhow the change which takes place at that time, on its internalfurface, for the purpofe of fecreting a fubftance which is to nourifh theyoung. The crop is prepared in the fame way as in Plate I j and the only dif-ference in the appearance is the glandular ftrudture on the inner furfaceof the two lateral projecting bags, which is not feen at any other time. ON C c 2
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??? on the colour of the pigmentum ofthe eye in different animals. IN the eyes of all animals which I have examined, there is a fubftanceapproaching to the nature and appearance of a membrane, called thepigmentum, which lines the choroid coat, and is fomewhat fimilar to therete mucofum which lies under the cuticle in the human body; and thereis alfo Ibme of the fame kind of fubftance diffuled through the cellularmembrane, which unites the choroid with the fclerotic coat. My inten-tion, at prefent, is only to communicate the obfervations I have madeon this fubftance, and its ufe, confining myfelf to the conlideration of.that portion which lines the tunica choroides in the clafs Mammalia andin birds : in doing this I fhall alfo take notice of the difference ofcolour occurring in animals of the fame fpecies. Although the appear-ance of this fubftance in the eyes of fome fifhes might illuftrate thefubjeCt, we cannot avail ourfelves of it, as we are not fufficiently ac-quainted with the effects of light on the eyes of that clafs of animals. The propagation or continuance of animals in their diftinCt claffes, isan eftablifhed law of nature 3 and, in a general way, is preferved with atolerable degree of uniformity: but in the individuals of each fpecies,varieties are every day produced in colour, fhape, fize, and difpofition.Some of thefe changes are permanent with refpeCt to\'the propagation ofthe animal; becoming fo far a part of its nature as to be continued inthe offspring. Animals living in a free and natural ftate are fubjedt to few deviationsfrom their fpecific chara&er;

but Nature is lefs uniform in its operationswhen influenced by culture1. Confiderable varieties are produced under fuch a From the variations produced by culture, it would appear, that the animal is fo fufcep-tible of impreffxonj as to vary Nature\'s actions 5 and this is even carried into propagation, Whethei



??? fuch circumftances; of which the moft frequent are changes in the co-lour. Thefe changes are always, I believe, from the dark to the lightertints j and the alteration is very gradual in certain fpecies, requiring inthe Canary-bird feveral generations ; while in the crow, moufe, &c. itis completed in one. But this change is not always to white, thoughjftill approaching nearer to it in the young, than in the parent; beingfometimes to dun, at others to fpotted, of all the various fhades betweenthe two extremes. As this alteration in colour is conflantly from darkto lighter, may we not reafonably infer, that in all animals fubjedt tofuch variation, the darkefi: of the fpecies fhould be reckoned neareft tothe original; and that where there are black of that kind, the whole havebeen originally black. Without this fuppolition, it will be impoffible, onthe principle I have ftated, to account for individuals of any clafs beingblack. Every fuch variety may be coniidered as ariling in the cultivatedftate of animals ; but whether, if left to themfelves, they would in .timerefume their original appearance, I do not knowb. The colour of the pigmentum of the eye always correfponds, I be-lieve, with that of the hair and fkin, efpecially if the animal be only ofone colour; but is principally determined by the hair $ and the moftgeneral colour is a very dark brown, approaching to black, from whenceit had the name, nigrum pigmentumc. The colour differs in differentclaffes of animals, often in the fame clafs, and even in the famg fpecies.In the human fpecies it is moll commonly dark ; in the ferret kind

alwayslight: and its difference of colour in the fame fpecies is evident from thevariety obfervable in the eyes of different people. There is even a differenceof colour in the fame eye in many claffes of animals; in all of the catand dog kind, and perhaps in moll: part of the granivorous. In fome it is Whether this takes place at the very firft union of the principles of the two parents, fo as toderive its exiftence from both; or, whether it takes its formation from the mother, after thefirft formation of the embryo, are, perhaps, not eafily determined. b In vegetables, I believe, it invariably holds good, that however improved by culture, ifneglected, they foon degenerate into their firft ftate. c As the colour of this membrane correfponds with the colour of the fkin and hair of theperfon, it is probable that the people, among whom it firft got the name, were dark. partly



??? partly black, and partly of the appearance of polifhed filver : and in manyclafies, the variation from dark is of two colours; for in the cow, infheep, deer, horfes, and I believe in all animals feeding on grafs, thereare, in the fame eye, certain portions of it white, and others of a finegreen colour. The difference in colour of this pigmentum, in the eyes ofdifferent animals of the fame fpecies, is very remarkable; in the humanfpecies it is of all the different fhades between black and almoft 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, fubjeCt to fuch variations; and fome of thefe deviations are foextraordinary, as with propriety to be denominated monftrousa. The variation in the colour of the pigmentum in different fpecies ofanimals, feems to depend on a fixed law of nature; but the varietieswhich are met with in the fame fpecies are much lefs conflant, beingmerely different fhades, approaching to black or white. But the extra-ordinary circumflance is, its being fometimes unufually lighter in indivi-duals of the fame fpecies, and this difference is fometimes flatting up inthe offspring without any hereditary principle to account for it. The human fpecies is a ftriking example of the colour of the pigmen-tum correfponding with that of the fkin and hair; and though the fkinand hair of one perfon differs very confiderably from the fkin and hair ofanother, yet it is not in fo great a degree as in many animals. Thereare cattle perfectly white, white fheep, white dogs,

white cats, and rab-bits ; but there are few of the human fpecies that we can fay are per-fectly white. They rather pafs from the black into the brown, red, andeven light yellow; and we find this pigmentum, although only of one co-lour, varying through all the different correfponding fhades. In the Africannegro, the blacknefs of whofe hair and fkin are great diftinguifhing cha~ a Perhaps the word, monftrous, is too ftrong, or not exactly juft. It certainly may be laiddown as one of the principles or laws of Nature, to deviate under certain circumftances. Itmay alfo be obferved, that it is neither neceflary, nor does it follow, that all deviations fromthe original muft be a falling off; it appears juft the contrary, therefore we may fuppofe thatNature is improving its works; or, at leaft, has eftablifhed the principle of improvementin the body as well as in the mind. ra&erifticSj



??? racteriflics, this pigmentum is alfo very black. In the mulatto, who hasnot the fkin fo dark as the African, but the hair nearly as black, thispigmentum is of a fhade not quite fo deep, yet Hill does not approachfo near to the middle tint as the {kin, rather following the colour of thehair. In people of a fwarthy complexion, as Indians, Turks, Tartars,Moors, &c. we find the hair always of a jet black, and this fubftanceof a much darker brown than in thofe that are fair. In thofe of very darkcomplexions, and having very black hair, although defcended from fairparents, the fame thing holds good. There are few fpecies of animals1,or even individuals of a fpecies, whofe bodies are only of one colour.Crows, and fome others, are exceptions; but the greateft number are of twoor more, being varioufly fpotted or ftreaked, either with different colours,or with fhades of the fame. Many fpecies are conflantly lighter in fomeparts of the body than in others ; and, with a few exceptions, animalsare generally lighter, as to colour, on the lower, or what may be calledthe foreparts, than on the upper or backparts. The fair man or womanmay ftridtly be confidered as a fpotted or variegated animal. In manyperfons, the hair of the head, eyebrows, eyelafhes, beard, and hair onthe pubes, all vary in colour. The hair of the three firft may be calledfoetal, and are oftener all of the fame, than of a different colour; thetwo laft are to be confidered as adult hair, and are commonly alike incolour, which yet frequently varies from that of the foetus; the lafl is-more liable to change its colour than

the other j and the change is gener-ally that of growing barker, efpeeially on the head and the eyelafhes*.This difference in the colour of the hair, on different parts of the body,is not fo obfervable in thofe nations who are dark or fwarthy, as inpeople 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, andcorrefponding with the colour of the eyelafhes. The magpie, for in-flance, is nearly one-third or fourth part white ; and the two colours, ifblended, would make the compound grey ; but the eyelafhes being black, a The hair growing grey, is not in the leaft to the prefent purpofe. the



??? the pigmentum is black alfo. We fometimes meet with people whole(kin and hair are very white, and yet the iris is dark, which is a fign ofa dark pigmentum ; but if we examine more carefully, we fhall alfo findthat the eyelafhes are dark, although the eyelids may be the colour ofthe common hair. As the colour of the iris in the human fpecies is probably a preemp-tive, though not a certain fign of the colour of this pigmentum, we maybe led to fuppofe that in thofe who have the iris in one eye different fromthat of the other, this fiibftance will likewife differ: but this I cannotdetermine, never having examined the eyes of any perfon with fuch apeculiarity. It is not an uncommon circumftance in fome fpecies ofanimals the Angola cat feldom having the colour of the iris the fame inboth eyes. In people remarkably fair, whether they are of a race that is naturallyfo, or what may be called monftrous in refpect to colour, as white Ethi-opians, flill we find this pigmentum following the colour of the fkin andhair ; being in fome of a light brown, and in others almoft white, ac-cording to the colour of the hair in fuch people. All foals are of the fame colour j and whatever that may be, as theygrow older it generally becomes lighter ; therefore the pigmentum inthem is almoft always of the fame colour, and does not feem to changewith the hair. This change, however, is only in the hair, and not inthe (kin ; the .{kin of a white or grey horfe being as dark as the fkin of ablack one : yet there is a cream-coloured breed which has the fkin of thefame colour, whofe foals are

alfo of a cream-colour; and by mfpeftingthe parts not covered with hair, fuch as the mouth, anus, fheath, &c.thefe, and the pigmentum of the eyes of fuch horfes, are found of acream-colour likewife. In the pigmentum of the rabbit kind, there are all the degrees of darkand light, correfponding with the colour of the hair; yet there feem tobe exceptions to this rule in fome white rabbits with black eyes, andtherefore with black pigmentum ; but in all fuch there is either a cir-cle of black hair furrounding the eye, or the eyelailieSj and the fkinforming the edge of the lid, is alfo black. In many white cattle, this is D d , alfo



??? alio obfervable ; and in that breed of dogs, called Danes, fome have thehair furrounding one eye black, while the hair furrounding the other iswhite 3 and the iris of the one is often lighter than that of the other.This circumftance, of the iris of one eye being lighter in colour than thatof the other, is a common thing in the human fpecies. and fometimesonly one-half of the iris is light, without any difference in the colour ofthe eyelafh, or eyebrow. Whether this difference in the colour of the irisof the two eyes, in the fame animal, is owing to the pigmentum beingdifferent in colour, I do not know; although I rather fufped: it is forne-thing iimilar to the white iris in horfes, which makes them what is-called wall-eyed. The variation of colour appears moll remarkable when a white ftarts up,either where the whole fpecies is black, as in the crow or blackbird ; orwhere only a certain part of the fpecies is black, (but permanently fo) asa white child born of black parents and a perfe&ly white child whofehair is white, and who has the pigmentum alfo white, though born ofparents who are fair, fhould as much be confidered as a play of Nature asthe others. All thefe lufus naturas; fuch as the white negro, the purewhite child of fair parents, the white crow, the white blackbird, whitemice, &c. have likewife a white pigmentum correfponding with the co-lour of the hair, feathers, and {kin. Beiides the circumftance of animals of the fame fpecies differing fromone another in colour, there are fome diftind: fpecies which are, as far aswe know, always of a light colour, and in them too this

pigmentum is\'white ; the animal I allude to 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 thefliape of a halfmoon, with the circular arch upwards ; the ftraight line,t>r diameter, paffing almoft horizontally juft acrofs the lower edge of theoptic nerve, fo that the end of the nerve is within this lighter colouredpart, which makes a kind of femicircular fweep above the nerve. Thisihape is peculiar to the cat, lion, dog, and moft of the carnivorous tribe ;in the herbivorous, the upper edge being irregular j however, in the feal,the light part of this pigmentum is equally .difpofed all round the optic nerve,



??? nerve, and is, on the whole, broader than it is commonly found inquadrupeds. How far this increafed furface is an approach towards thehlli kind, in which it is wholly of this metallic white, I will not pre-tend to fay; but it is probable that, as the animal is to fee under wateras well as in the air, its\'being circular, may be for its better correfpond-ing with the form of the eyelids, which open equally all round; thisfeems alfo to correfpond with what is obfervable in fillies, as they arewithout eyelids. The colour of the pigmentum, whether white, or green, or both, hasalways a bright furface, appearing like polifhed metal; which ap-pearance, animal fubftance is very capable of taking on, as we fee inhair, feathers, filk, &c. After having taken notice of the various colours of this pigmentum indifferent animals, both where permanent, and where it appears to be aplay of Nature, let us next examine what effeCt it has upon vifion, in bothcafes ; whether thefe effects are fimilar, or if one cafe illuftrates theother. It may be afferted as an. undoubted faÂ?t, that the light which falls onthe retina, covering a white pigmentum, has more effedt than when itfalls 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 pigmentumwholly dark, with thofe who have it perfectly white; and fomethingmay be learned, by a fimilar comparifon of animals who have it only inpart white, with thofe which have it entirely dark, although they are ofdifferent fpecies, as it is realonable, from analogy, to fuppofe that

fomefucli effect is produced in the eye which is polfeifed of both. I fhall nrft conlider the effect produced when the white or light colourmakes only part of the pigmentum. This will lead me to obferve, thatall animals having the pigmentum diverfified, though they are capable ofbearing as much light as others, and can fee as perfectly when light is in anequal degree ; can like wife fee very diftin&ly when the light is much lefsthan ferves 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 D d 2 of



??? of prefenting the different parts of the eye to the light, according to thequantity of light required or of moving the chryftalline humour higheror lower: but we are at prefent unacquainted with any power in the eyeby which thefe adtions 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 that thereis no fuch appearance. It is plain there mufl be a reflexion of light fromthe bottom of the eye, to produce the above effedt; efpecially as the lightreflected is always of the colour of the pigmentum in fuch animals; inthe cow it is a light green. I fliall fecondly, confider thofe which have the whole pigmentum ofa white colour, whether it is accidental or natural, and which fee muchbetter in the dark, or with lefs light than thofe in which it is of a darkcolour: of the firfl of thefe I fhall take my inftance from the humanfpecies ; of the fecond, the ferret will ferve as an example. Thofe of the human fpecies, who have the pigmentum of a light colour,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, andkeeping the eyelids almofl fhut. In many of thefe inftances there isan univerfal glare of light from the pupil, tinged with a fhade of red;this colour, mofl probably, arifes from the blood in the veffels of thechoroid coat; I have obferved that the pigmentum is thinneft when itis light; fo that fome of the light, which is reflected from the point^f vifion,

would feem to be thrown all over the inner furface of the eye 5which being white, or rather a reddifh white, the light appears to beagain reflected from fide to fidea. This feemed to be the cafe in a boyat Shepperton, when about three years of age, and of whom I have aportrait, to fliow that appearance. He is now about thirteen years ofage : the common light of the day is ftill too much for him; the twi- a How far this is really the cafe, I do not abfolutely fay. For whatever light comesthrough the pupil, muft be reflected from the point of vifion ; but I conceived I faw the lightpaffing through the fubftance of the iris. light



??? light is lefs offenfive. When in a room, he turns his eyes from the win-dow ; and when made to expofe his face to the light, or when out in theopen air, he knits his eyebrows, half fhuts his eyelids, and bends his headforwards, or a little down : yet the light appears lefs obnoxious to himnow than formerly, probably from habit. Such perfons appear to benearer fighted than people in common ; but I apprehend that arifes fromthe pofition into which the eyelids and brows are thrown, which notonly in a great degree excludes the light, making the object faint in pro-portion to the contraction of the pupil and fhade made by the eyelids andeyebrows ; but at the fame time fits the eye to fee near objects : for ifwe nearly clofe our eyelids, and knit our eyebrows, we can fee a fmallobjed much nearer than if we did not perform fuch adions; and it willmake above a foot difference in the focal diftance of the eye. In manyrabbits who have white eyelafhes, and in white mice, the pigmentum isentirely white. The fame thing is to be obferved in a certain diftind fpe-cies of animals, the ferret, which we have adduced as an example of thepigmentum being naturally white : thefe animals being intended to feein the dark, and their mode of life not expofing them to the light, theyare liable, in a much greater degree, to be affected by ftrong light. If it is allowed as probable that, in animals having the pigmentumdiverfified, the objed to be viewed is thrown upon the lighter colouredportion ; how does it happen that fuch are able to bear the light betterthan thofe

who have the pigmentum altogether of a light colour ? Perhapsit is not the illuminated objed itfelf that is offenfive to the retina ; butthat diffufion of light in the one kind of eye, which does not happen inthe other. Having ftated the fads, and the general efied arifing from the diverfi-fied pigmentum, let us next confider the manner in which the effed isproduced jâ€”That fuch animals fee better with little light, than thofewhich have the pigmentum wholly black. Let us here fuppofe the retina to be the organ of fight; and that bythe rays which fall upon it being properly refraded, it gives or conveysto the mind an idea of a diftind objed, correfponding with the fenfationof touch. This is the moft common and fimple manner in which vifion is



??? is performed, and is that mode which takes place where the pigmentumis black, or nearly fo; and where the greateft quantity of external lightis required. The retina, although fomewhat opaque, is yet fo tranfparent as toallow a conliderable quantity of light to pafs through it. For if this wasnot the cafe, there could not be thofe differences in the appearance of theeye which I have been defcribing. The rays which pafs through, we mayfuppofe, do or do not give fenfation in their palfage ; and we may alfo fup-pofe, that only thofe which ftrike againfl the retina are the caufe of fen-fation : but this is not the preient inquiry ^ the rays which pafs through the retina, are what I am alone to confider; which falling upon thepigmentum, are there difpofed of according to the reflecting powersof that fubitance. If the pigmentum is black, the rays will then beabforbed and entirely loft; therefore in fuch eyes, vifion can receiveno afliftance from it; and confequently a conliderable quantity of lightis required to produce diftinCt vifion : but in thofe who have fome partof this pigmentum white, we find that the rays of light which pafsthrough the retina, are reflected back again; and in this cafe it is notunnatural to fuppofe that the reflected rays, in their paffage back, willftrike againft the retina and increafe the power of vifion. It is evidentthat a confiderable portion pafles forwards through the retina, which, IfufpeCt, is partly loft on the inner furface of the lateral and forepartof the eye, where the pigmentum is black, while the remainder paflesthrough the pupil, and ie again

thrown on the objeCt looked at. Thenext thing to be confidered is, whether the fhape of the eye is fuch, aswill throw the rays, which pafled through the retina, back upon that memÂ?brane, in the fame or nearly in the fame place as that through which theyoriginally came. The eye being a fphere, or approaching to that figure,makes it probable. But whether the curve is fuch as will reflect the raysexaCtly in the fame direction, is not fo eafily determined. If the curve bea true one, then the rays that are not obftruCted in their return by the re-tina, muft pafs forwards through the pupil j and being refraCted in theirpalfage through the chryftalline humour, will be fent out of the eye inthe fame lines in which they entered, and be thrown on the very ohjeCt from



??? from whence they came. This feems to be in a great meafure the cafe,by the confiderable degree of illumination from the cat\'s eyes. If therays, reflected from the light part of the pigmentum, fhould not, in theirreturn, ftrike exactly on the fame points in the retina, through whichthey firft paffed; yet if they are thrown nearly on the fame place it willbe fufficient 5 for we know that our fenfations are not capable of con-veying to the mind mathematical exaCtnefs. And the fame circumftancewill be a fufficient anfwer, fhould it be objected that the time loft in thepaffing and repaffing of the rays may prevent diftinCt vifion ; for it isknown, that if an illumined body is made to move quickly in a circle, itwill appear to the eye a circle of fire. THE USE OF THE OBLIQUE MUSCLES. Muscles are the active parts in an animal body, producing differenteffe&s, according to the circumftances in which they are placed ; andmoft parts requiring a variety of motions, it became neceffary to have avariety of mufcles fuited to thefe motions. The function of a mufcle depends on the contraction of its fibres; andthe moft general effect produced by this contraction, is to move fome onepart of the body upon another: but we may obferve, that when motion,in a part, is performed by one fet of mufcles, there are other mufcles em-ployed in regulating that motion : as happens in moft joints. And in awhole part, deftined to a variety of motion, and compofed of fmaller parts,intended likewife to have their diftinCt motions, we find mufcles appro-priated for the purpofe of keeping fome of thofe parts fixed

in a particularpofition, while the whole part is to be moved by other mufcles, accordingto the nature of the aCtion to be performed. This will, perhaps, be beftilluftrated by attending to what takes place in the eye, confidering it aspart of the head. The eye being an organ of fenfe, which is to receive impreffions fromwithout, it was neceffary it fhould be able to give its motions that kind of. direction from one body to another, as would permit its being impreffed by



??? by the various furrounding objects; and it was alfo neceftary, that therefhould be a power capable of keeping the eye fixed, when our body orhead was in motion. For the better under Handing this adion of pointing the eye towardsobjects under the various circumftances of vilion, it will be necef-fary to mention, that the eye is furnifhed with mufcles, fome of whichin the quadruped, bird, amphibia, and fifhes, are called ftraight, fromtheir being placed in the direction 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 mufcleswhich are common to moft animals ; and thofe which have more, havethe additional mufcles inferted immediately in the eyeball, on its pofteriorfarface, and furrounding the optic nerve. The four ftraight mufcles, whichare common to all quadrupeds, pafs further forwards, and are ratherinferted towards the anterior furface of the eye. For vifion, at large, itwas not only neceffary that the eye fhould be capable of moving fromobjed to object, but alfo neceftary that there fhould be a power to keepit fixed on any one objed the mind might be attentive to; therefore themufcles are formed lo as not only to be able to move the eye from objedto objed, but likewife to keep its point of vifion fixed upon any particularone, while the eye is moving progreftively with the head or body. Thisis the ufe of thefe mufcles, when the parts from whence they arife are keptfixed refpeding the objeds the eye is pointed to; but it is often neceftarywhile the

eye is fixed upon a particular objed, that the eyeball, and thehead in which it is fixed, fhould Ihift their fituation refpefting that objed;and this would alter the diredion of the eye, if the mufcles had not thepower of taking up an adion that produces a contrary efted, that is,keeping the point of infertion of the mufcles as the fixed point, by caufingtheir fibres to contrad according as the origins of the mufcles vary theirpofition refpeding the objed. From all which we find thefe three modesof adion produced ; firft, the eye moving from one fixed objed to ano-ther 3 then the eye moving along with an objed in motion j and la ft,the eye keeping its axis to an objed, although the whole eye, and thehead, of which it makes a part, are in motion. From either of thefe motions



??? motions taking place \'fingly, or being combined, the eye is alwayskept towards its object. In the two firft modes of action, the originsof the mufcles are fixed points refpeding the objed; and in the laft,the objed becomes as it were the centre of motion, or fixed point, com-manding the diredion of the adions of the eye, as the north com-mands the diredion of the needle, let the box in which it is placed bemoved in what diredion it may. Thefe two firft modes of adion areperformed by the ftraight mufcles ; for the head being a fixed point, theyare capable of moving the eye up and down, from right to left, with all theintermediate motions, which taken together conftitute a circular move-ment ; or when the eye is to become the fixed point, then the head itfelfperforms the circular movement. Thence appears the neceffity why theobjed, the axis of the eye, and the point of fenfation, fhould all three bein the fame ftraight line. But this does not take place in all movementsof that whole of which the eye makes a part; for befides thofe which wehave already taken notice of, the head is capable of a motion fromfhoulder to fhoulder, the axis of which is through the axis of the twoeyes, from the fore to the backpart. It fhould be here obferved, that fordiftind vifion, the objed muft be fixed refpeding the pupil of the eye,and not in the leaft allowed to move over its furface*. To prevent anyprogreflive motion of the objed over the retina of the eye, either fromthe motion of the objed itfelf, or of the head in fome of the motions ofthat part, the ftraight mufcles are provided as has

been explained butthe efFeds which would arife from fome other motion of the head, as from 3 Optical writers feem to have been entirely ignorant of this ; for they not only fuppofediftindt vifion compatible with the objeft having a motion over the different parts of theretina, but even explain the effects which would be produced by it on the mind of the ob~ferver. Keill makes the following obfervation : " Since opticks teach us, that every body, which is vifible, has by means of the rays whichproceed 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 fucceffively the different parts of the retina, whilft the eye is fuppofed to beat reft : but thofe objects will be looked upon as being at reft whofe images always occupythe fame part of the retina, that is, when the motion of thofe images are not perceived in thebottom of the eye." Kail\'s Introduction to Natural Philofophy, page 79. E e fhoulder



??? fhoulder to fhoulder, cannot be corrected by the aCtion of the ftraightmufcles, therefore the oblique mufcles are provided. Thus when welook at an objeCt, and at the fame time move our heads to either fhoul-der., it is moving in the arch of a circle whole centre is the neck; andof courfe the eyes would have the fame quantity of motion on thisaxis, if the oblique mufcles did not fix them upon the object. Whenthe head is moved towards the right-fhoulder, the fuperior obliquemufcle of the right-fide acts and keeps the right-eye fixed on the objeCt;and a fimilar effeCt is produced upon the left-eye by the aCtion of itsinferior oblique mufcle; when the head moves in a contrary direction,the other oblique mufcles produce the fame effeCt. This motion of thehead may, however, be to a greater extent than can be counteractedby the aCtion of the oblique mufcles. Thus, for inftance, while thehead is on the left-fhoulder, the eyes may be fixed upon an objeCt,and continue looking at it while the head is moved to the right-fhoulder,which fweep of the head produces a greater effeCt upon the eyeballsthan can be counteracted by the aCtion of the oblique mufcles ; andjin this cafe we find that the oblique mufcles let go the eye, fo that itimmediately returns into its natural fituation in the orbit. Whether thisis performed by the natural elaflicity of the parts; or whether the anta-gonift oblique mufcles take up the aCtion and reinftate the eye, I do notknow. If the head ftill continues its motion in the fame direction, thenthe fame oblique mufcles begin to aCt anew, and go on

aCting, fo asto keep the eyes fixed on the objeCt: as, this motion of the head feldomtakes place uncombincd with Its other motions, fome of the ftraight and oblique mufcles will be employed at the fame time, according as themotions are compounded. A DESCRIPTION



??? a description of the nerves which supply the organ of smelling. THE nerves being in themfelves perhaps the moil difficult parts ofan animal body to diffeft, becomes a reafon why we are ftill un-acquainted with many of their minuter ramifications : yet if a knowledgeof thefe, together with that of their origin, union and reunion, is at allconnected with their phyfiology, the more accurately they are inveftigated,the more perfe&ly will the functions of the nerves be underftood. I haveno doubt, if their phyfiology was fuffieiently known, but we fhould findthe diftribution and complication of nerves fo immediately connected withtheir particular ufes, as readily to explain many of thofe peculiarities forwhich it is now fo difficult to account. What naturally leads to thisopinion is, the origins and number of nerves being conftantly the fame ;and particular nerves being invariably deftined for particular parts. Thefourth and fixth pair of nerves are remarkable inflances of this; andwe may reafonably conclude, that every part has its particular branchallotted to itj and that however complicated the diftribution may be,the complication is always regular. There are fome nerves which have apeculiarity in their courfe, as the recurrent and chorda tympani; andothers which are appropriated to particular fenfations, as thofe which goto four of the organs of fenfe, feeing, hearing, fmelling, and tafting; andfome parts of the body having peculiar fenfations, (as the ftomach andpenis) we may, without impropriety, include the fifth, or fenfe of feel-ing. This general uniformity, in courfe,

connection and diftribution, willlead us to fuppofe that there may be fome other purpofe to be anfweredmore than mere mechanical convenience. For many variations havebeen defcribed in the diffections of nerves, which I believe to have arifenfrom the blunders of the anatomift, rather than from any irregularity E e a in



??? their number, mode of ramifying, courfe, diftribution, or connection1 witheach other. We obferve no fuch uniformity in veffels carrying fluids;but find particular purpofes anfwered by varying their origin and diftri-bution : the pulmonary arteiy anfwers a very different purpofe in thecirculation of the blood, from that of the aorta ; yet both a rife from thefame fource, the heart. The courfe of the arteries is fuch as will con-vey the blood moll conveniently, and therefore not fo neceffary it fhouldbe uniform; it not being very material to a part by what channel theblood is conveyed ; though, in particular inflances, certain purpofes maybe anfwered by a peculiarity in origin and diftribution, as happens inthe tefticie of quadrupeds. This obfervation refpeding arteries is like-wife applicable Â?0 veins, and flill more to the abforbent veffels, in whichlafl, regularity is even lefs effential than in the veins. Whoever, there-fore, difcovers a new artery, vein, or lymphatic, adds little to the \'flockof phyfiological knowledge ; but he who difcovers a new nerve, or fur-nifhes a more accurate defcription of the diftribution of thofe alreadyknown, affords us information in thofe points which are moft likely tolead to an accurate knowledge of the nervous fyftem : for if we confiderhow various are the origins of the nerves, although all arifing from thebrain, and how different the circumftances attending them, we multfuppofe a variety of ufes to arife out of this peculiar ftructure. Indeedif we refled on the adions arifing immediately from the will, and affec-tions of the mind, we mufl fee that the origin,

connedion, and diflri-Â?bution of the nerves, muft be exad, as there are parts whofe adionsimmediately depend upon fuch circumftances. The brain may be faid tohave an intelligence with the body; but no fuch intercourfe fubfifbbetween the different parts of the body and the heart. a Here it is to be underftood I do not mean lateral connexion; fuch as two branchesuniting into one chord and then dividing ; or a branch going to a part, either fingle or double,for ftill it is the fame nerve; or whether a branch unites with another a little fooner or alittle later, for ftill it is the fame branch. Such effects may arife more from a variety inthe fhape of the bodies they belong to, than any variety in the nerves themfelves. In



??? In the fummer of 1754, I employed myfelf principally in directingthe nerves palling out of the flail 1 j in doing which I was, of courfe, ledto trace many of their connections with thofe from the medulla Ipinalis ;and was affifted by Dr. Smith, then purfuing his ftudies in London \\The better to trace thefe nerves through the foramina of the fkull,I fteeped the head in a weakned acid of fea-falt till the bones were ren-dered foft, and that the parts might be as firm as poffible, and at thefame time free from any tendency to putrefaction; efpecially as it wasfummer, the acid was not diluted with water, but with fpirit. Whenthe bones were rendered foft, I purfued my intention, and in the courfeof the difTedrion difcovered the firft pair of nerves ; and having made apreparation of the parts in which they were found, I immediately haddrawings made from them, with a view to have prefented the account tothe Royal Society, but other purfuits prevented itb. Engravings wereafterwards made from thefe drawings ; and the preparation was repeatedlyfhown by Dr. Hunter, in his courfes of anatomy, who, at the fametime, pointed out that alteration in the mode of reafoning upon thofenerves, which would naturally arife from this difcovery. In this diffe&ionI found feveral nerves, principally from the fifth pair, going to and loftupon the membrane of the nofe; but fuppofe thofe have nothing to dowith the fenfe of fmelling ; for it is more than probable, that what maybe called organs of fenfe, have particular nerves, whofe mode of a&ionis different from that of nerves producing

common fenfation; and alfo " Dr. Smith was afterwards teacher in chymiflry and anatomy, in the univerfity of Oxford;is now Savilian profeJIor of geometry, and lecturer in phyfiology, This account of the firftpair of nerves, as alfo of the branches of the fifth, is taken from die original, defcription,written by him, and taken from my diffeftion when I was tracing them, b Dr. Scarpa, profeffor of anatomy at Pavia, while in London, in 1782, acquainted methat he had differed the ramifications of the olfactory nerves ; arid that on his return to Italyhe meant to publiih an account of them. At this time I fliowed him my drawings and en-gravings. I have lately been informed that he has publiftied his account, but have not metwith it: I have, however, feen one of his engravings, which was executed in London, andis very elegant. It only {hows thofe on the feptum narium, whofe minutenefs is rather car-ried further than the power of diffe&ion, and the ramifications are more regular than we findthem in Nature. different



??? different from one another; and that the nerves on which the peculiarfundlions of each of the organs of fenfe depend, are not fupplied fromdifferent parts of the brain. The organ of fight has its peculiar nerve jfo has that of hearing ; and probably that of fmelling likewife ; and, onthe fame principle, we may fuppofe the organ of tafte to have a peculiarnerve. Although thefe organs of fenfe may likewife have nerves from 1different parts of the brain ; yet it is moft probable fuch nerves areonly for the common fenfations of the part, and other purpofes anfweredby nerves. Thus we find nerves from different origins going to theparts compofing the organ of fight, which are not at all concerned in the immediate act of vifion; it is alio probable, although not fo de-mon ft rable, that the parts compofing the ear have nerves belonging tothem fimply as a part of the body, and not as the organ of a particularfenfe: and if we carry this analogy to the nofe, we fhall find a nerve,which we may call the peculiar nerve of that fenfe ; and the other nervesof this part, derived from other origins, which only convey common fen-fation, we may fuppofe are only intended for the common anions of thepart. This mode of reafoning is equally applicable to the organ oftafte; and if the opinion of peculiar nerves going to particular organsof 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 thefe peculiar nerves ; and as the membrane of the nofe is of con-fiderabie extent, and has a great deal of

common fenfation, we may fup-pofe the nerves fent to this part, for that purpofe, will not be few innumber. It is upon this principle the fifth pair of nerves may be fuppofedto iupply the eye and nofe in common with other parts ; and, upon thefame principle, it is more than probable, that .every nerve fo affefted asto communicate fenfation, in whatever part of the nerve the impreflionis made, always gives the fame fenfation as if affeCted at the common featof the fenfation of that particular nervea. The 1  I knew a gentleman who had the nerves which go to the glans penis completely deftroyedby mortification, almoft as high as the union of the penis with the pubes 5 and at the edge ofthe old fkin, at the root of the penis, where the nerves terminated, was the peculiar fenfation of



??? The firft pair of nerves arriving at the part of its deuination as foonas it efcapes from the ileal 1, and immediately ramifying, has renderedits diflribution more obfeure than that of the others, whofe courfe tothe part to which they are allotted is vifible and to be traced. As thebody of the nerve, while within the .{hull, is pulpy and compofed ofthe brain itfelf, it ealily breaks off at the very divifion and exit of thefmall branches; it therefore becomes impoffible to trace them, as weufually do other nerves; and they have by moil phyfiologifts been con-sidered as never forming chords, but going on in their pulpy form to bediftributed on the membrane of the nofe, in a mode fomewhat fimilar tothat of the optic nerve ; and to what is commonly fuppofed to take placewith refpeet to the portio mollis of the feventh pair. Winflow has fug-gefted an idea, that the firft pair forms chords"; but it is only as an affer-tion; and not having defcribed them, that alone was not fufficient toalter the former mode of reafoning. Haller, who is to be confidered as the lateft anatomift and phy-fiologift, who has publifhed on the fubjeot, on whom we can depend,fays, " That the firft pair of nerves makes its way into the nofe, coveredby the pia mater only, very little altered from what it was when withinthe cavity of the fkullV* This fhows that Haller retained the old ideaconcerning thefe nerves : but we fhall find that they become firm chordsimmediately upon piercing the dura mater and cribriform plate of theethmoid bone. The firft pair, while within the fkull, differs in fome refpedts from allother nerves;

firftly, it feems to be made up of a cortical and medullaryfubftance, while the others appear to confift of medullary alone 1 and 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 comethrough 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 exaÂ?tly the fenfation which friction uponthe glans produced, and was followed by an emiffion of the femen. a Elementa Phyfiologia?, vol. 5. page 1,51. fecondly,



??? fecondly, it is different, in that it does not feem to be compofed offafciculi, and has but one covering from the pia mater inverting- thewhole nerve ; whereas other nerves appear to have a covering round eachfafciculus; and this is probably the reafon why the firft pair is weakerwhile within the fkull, than the others. Its form is fomewhat trian-gular, having three edges, from its lying in a groove, made by twoconvolutions of the brain. Its courfe is forwards, a little upwards andinwards, and where it lies upon the cribriform plate of the ethmoidbone, becomes fomewhat larger and divides into a great many branches,like fo many roots, anfwering to the number of holes in that plate, ex-cept one for a branch of the fifth pair; but thefe divilions we cannotfee, they being covered by the body of the nerve, which cannot berailed without breaking off the fmall branches at their origins. Asthe branches of the nerve pafs through this bone, they feem to takeproceffes from the dura mater along with them; they then becomefirm chords, fimilar to other nerves. Thefe branches, after they havegot through the bone, form themfelves into two planes or divirions,one paffing on the feptum, the other on the turbinated bones. Thefeof the feptum narium, in their paffage to the nofe, are firft continueda little way down, in bony canals of the perpendicular lamella of theethmoid bone; which holes become fmall grooves in that bone; andthofe on the oppofite fide being more numerous and fmaller, pafs downin fmall holes that are on the infide plate of the ethmoid bone, whichholes are likewife continued

into grooves, for a little way, upon thatplate. When thefe branches get upon the membrane of the nofe, theyfubdivide into a great many fmaller ones, which are fomewhat flattened,and are only to be feen on that fide of the membrane that adheres to thebones, not being vifible at all on the other; fo that the diffedtion of thefenerves is no more than feparating the membrane and bone from eachother. They can hardly be diffedted all round ; and the further they aretraced 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 mufl fjppofe they terminate. Thofe upon the feptum pafs down



??? down a little radiated, and the branches, efpecially at the upper part, or attheir firft fetting out, join one another. Thofe on the fide next the an-trum, when they have reached the membrane of the nofe, in their courfeto the fuperior turbinated bone, form a very confiaerable network orplexus ; and when they reach that bone, do not all go round its convexcurvated pendulous edge to the concave fide; but fome pafiing throughthe fubftance of that bone, get immediately upon it which is thereafon why we find fo many holes in that bone. It is difficult totrace them further but it is reafonable to fuppofe that they go throughthe inferior turbinated bone in the fame manner, fince we find fimilarholes there. A DESCRIPTION OF SOME BRANCHES OF THE FIFTH PAIR OF NERVES. In tracing the courfe of the olfa&ory nerves, I alfo difcovered feveralbranches of the fifth pair, not commonly known, particularly two thatwere fuppofed to go to the membrane of the nofe for the fenfe 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 pairsor, according to Window, the nervus ophthalmicus Willifii j whichfmall nerve is called by Winflow, the nafal. This branch, after havingpaffed out of the fkull into the orbit, re-enters the cranium through theforamen orbitarium anterius, and gets on the cribriform plate of the eth-moid bojtc; from ilicnce it paffes down through one of the anterior holesof the cribriform plate, and after having continued its courfe in a grooveon the nafal procefs

of the frontal bone, it runs forward and downwardin a fimilar groove on the infide of the os nafi ; from thence getting 011the outfide of the cavity of the nofe, it runs along the cartilaginous partof the ala, and near the extremity of the nofe mounts up upon the tip ofthe ala, and then dipping down between the two alse, is loft on the an-terior extremity of the cartilaginous feptum. In its courfe it fends fevera]fmall filaments into the alae. F f The



??? The fecond, is a branch of the fuperior maxillary nerve; for thatnerve having paffed through the foremen rotundum, divides and fends offfeveral branches, one of which paffes backwards and inwards, throughthe foramen commune, between the orbitar procefs of the palate, and theroot of the ala of the fphenoid bone, a branch of which gets into a fif-fure, and feems to feparate the root of the ala from the body of thefphenoid bone, where that bone makes the roof of the nofe. This branchthen paffes along the under furface of the body of the fphenoid hone, inits way to the feptum narium, and getting upon that part, paffes alongbetween its membranes and the bone : its courfe is downwards, and for-wards towards the foramen mcifivum, through which it pafies and is loftin the gum behind the firft dentes incifores, and on the membrane of theroof of the mouth at that part. There is another branch of the fuperior maxillary nerve, which comesoff from a large branch that is going down to the mouth uvula, &c.and this branch, with its divifion into two, has been defcribed by pro-feffor Meckel of Berlin; but after tracing one of thefe into theportio dura,he purfued the fearch no further. This branch of the fuperior maxillarynerve paffes back through the foramen pterigoideum, accompanies the caro-tid artery as it paffes acrofs the pofterior edge of the foramen, and theredivides into two branches ; one of which paffes down along with thecarotid artery, through the bafis of the fkull, and proceeding in a con-trary direction to the courfe of the artery, in contact with that branch ofthe cervical

ganglion that paffes up with the carotid artery to join thefixth pair 5 then joins Hie fun. ^civi^i ganglion. The other branchdecuffates that artery on its upper furface, and getting upon the an-terior fide of the petrous portion, of the temporal bone, then enters afmall hole near the bottom of that large one which affords a paffage to thefeventh pair of nerves, joining the portio dura, juft where that nervemakes its firft turn, paffes along with it through what is called the aque-duct This nerve, compofed of portio dura, and the branch of the fifthpair, fends off, in the adult, the chorda tympani before its exit from thefkull j and in the foetus, immediately after. The termination of the branch



??? branch, called chorda tympani, I fhall not defcribe I am almoft certainit iS not a branch of the feventh pair of nerves, but the laft-defcribedbranch from the fifth pair; for I think I have been able to feparate thisbranch from the portio dura, and have found it lead to the chorda tympa-ni j perhaps, is continued into it; but this is a point very difficult to de-termine, as the portio dura is a very compact nerve, and not fo fafciculatedas fome others are ; however this may be, it is very reafonable to fuppofethat the chorda tympani is a branch of the fifth pair, as it goes to joinanother branch arifing from the fame trunk. F f 2 PLATE
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??? PLATE I. THE olfactory, or firft pair of nerves, as they are feen upon themembrane of the feptum narium.The bony feptum is removed to expofe the nerves of the right noftril,as they pafs at firft 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 which the feptum has been feparated all round.D The furface of the common fkin, where it is loft in the membrane of the nofe.E The upper lip. F Part of the alveolar procefs of the maxillary bone next the fymphyfis.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. N The infide of the cuneiform procefs, near the foramen magnum oc-cipitale. O The pofterior clinoid procefs.P The fphenoid linus, with its feptum.Q^The fella Turcica.R The crifta galli. S S The membrane of the right noftril that lined the feptum ; the feptumbeing removed. T A branch of the fifth pair of nerves, that comes through the foramen commune, or fpheno-palatinum.UUU The firft pair of nerves, having paffed through the cribriformplate of the ethmoid bone, ramifying on the membrane of the feptum.
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??? PLATE II. \' 1 ^HE olfa&ory, or firft pair of nerves, as they are feen upon theJL membrane of the nofe, which covers the turbinated bones; theexterior parts of the face being removed. This engraving was taken from the fame head as plate I. A The os frontis.B The os na?Ÿ. 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. HHH 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. N The pofterior clinoid procefs. O The fphenoid finus. P The crifta galli. QJThe membrane of the nofe. R The membrane, a little more convex, where the inferior turbinated . bone ie fituatpH.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.U U U The trunk of the firft pair of nerves which is afterwards loft uponthat part of Sneider\'s membrane that covers the turbinated bones. THE END.
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