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XXXVIIL. Obfervations on the Structure and Oeconomy of Whales.
By John Hunter, Lifg. F. R. S. 5 communicated by Sir Jofeph
Banks, Bart. P. R, S.

Read June 28, 1487.

"HE animals which inhabit the fea are much lefs
known to us than thofe found upon land; and the
acconomy of thofe with which we are beft acquainted is
much lefs underftood : we are, therefore, too often obliged to
reafon from analogy where Information fails; which muft
probably ever continue to be the cafe, from our unfitnefs to
purfue our refearches in the unfathomable waters.

This unfitnefs does not arife from that part of our ceconomy
on which life and its fun&ions depend; for the tribe of ani-
mals which is to be the fubjet of this Paper, has, in that
refpe, the fame ceconomy as man, but from a difference in
the mechani{fm by which our progreflive motion is produced.

The anatomy of the larger marine animals, when they are’

procured in a proper flate, can be as well afcertained as that of
any others; dead ftructure being readily inveftigated. But even

fuch opportunities too feldom occur, becaufe thofe animals are

only to be found in diftant feas, which no one explores in pur-
{uit of natural hiftory ; ncither can they be brought to us alive
from thence, which prevents our receiving their bodies in a

| ftate
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372 Mr. HuNTER’s Obfervations on the

ftate fit for dific@ion. As they cannot live in air, we are
unable to procure them alive.

Some of thefe aquatic animals yielding fubftances which
have become articles of traffic, and in quantity fufficient to
render them valuable as objefts of profit, are fought after for
that purpofe; but gain being the primary view, the refearches
of the Naturalift are only confidered as fecondary points, if
confidered at all. At the beft, our opportunities of examining
fuch animals do not often occur till the parts are in {uch a
ftate as to defeat the purpofes of accurate enquiry, and even
thefe occafions are {o rare as to prevent our be‘ing able to fup-
ply, by a fecond diffeion, what was deficient in a firft. The
parts of {uch animals being formed on fo large a fcale, is ano-
ther caufe which prevents any great degree of accuracy in their
examination ; more efpecially when it is confidered, how very
inconvenient for accurate diffeCtions are barges, open fields,
and fuch places as are fit to receive animals, or parts, of fuch
vaft bulk.

As the opportunities of afcertaining the anatomical ftruc-
ture of large marine animals are generally accidental, I have
availed myfelf, as much as poflible, of all that have occurred ;
and, anxious to get more extenfive information, engaged a Sur-
geon, at a confiderable expence, to make a voyage to Greenland,
in one of the fhips employed mn the whale fithery, and fur-
nifhed him with {uch neceflaries as I thought might be requi-
fite for examining and preferving the more nterefting parts,
and with inftruétions for making general obfervations; but the
only return I received for this expence was a picce of whale’s
fkin, with fome fmall animals fticking upon it. From the
opportuaities which I have had of examining different animals
of this order, I have gained a tolerably accurate idea of the

5 anatomical
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anatomical ftru€ture of fome genera, and fuch a knowledge of
the ftruture of particular parts of fome others, as to enable
me to afcertain the principles of their ceconomy.

Thofe which I have had opportunities of examining were
the following :

Of the Delphinus Phocana, or Porpmfe, I have had feve-
ral, both male and female.

Of the Grampus I have had two; one of them (Tab. XVL)
twenty-four fect long, the belly of a white colour, which termi-
nated at once, the fides and back being black ; theother ('Tab.
X VIL) about eighteen fect long, the belly white, but lefs {o than
in the former, and thaded off into the dark colour of the back.

Of the Delphinus Delphis, or Bottle-nofe Whale (Tab..
XVIIL) I had one fent to me by Mr. JENNER, Surgeon, at
Berkeley. It was about cleven feet long. I have alfo had one
twenty-one feet long, refembling this laft in the fthape of the
head, but of a different genus, having only two teeth in the
Jower jaw .(Tab. XIX.); the belly was white, fhaded off into
the dark colour of the back. This fpecies is defcribed by
DatLg, in his Antiquities of Harwich. The one which I
examined muft have been young; for I have a fkull of the
fame kind, nearly three times as large, which muft have be-
longed to an ‘animal thirty or forty feet long.

Of the Balena roftrata of Fasricius, I had one, feven-
teen feet long (Tab. XX.).

The Balena Myfticetus, or large Whalebone Whale, the:
Phyfeter Macrocephalus, or Spermaceti Whale, and the Mo~
nodon Monoceros, or Narwhale, have alfo fallen under my
infpe&ion. Some of thefe I have had opportunities of exa-

mining with accuracy ; while others I have only examined in
part,,
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part, the animals having been too long kept before I procured
them, to admit of more than a very fuperficial infpetion.

From thefe circumi{tances it will be readily fuppofed, that an
accurate defcription of all the different {pecies is not to be ex-
peCed; but having acquired a general knowledge of the whole
tribe, from the different {pecies which have come under my
examination, I have been enabled to form a tolerable idea, even
of parts which I have only had the opportunity of fecing in a
very curfory way.

General obfervation would fead us to believe, that the whole of
this tribe conflitutes one order of animals, which Naturalifts
have fubdivided into genera and fpecies ; but a deficiency in the
knowledge of their ceconomy has prevented them from making
thefe divifions with fufficient accuracy; and this is not fur-
prifing, fince the genera and {pecies are ftill in {fome meafure
undetermined even in animals with which we are better
acquainted. |

‘T'he animals of this order are in fize the largeft known, and
probably, therefore, the feweft in number of all that live in
water. Size, I believe, in thofe animals who feed upon others,
is in an inverfe proportion to the number of the fmaller; but, I
believe, this tribe varies more in that refpet than any we know,
viewing it from the Whalebone Whale, which-is feventy or
cighty feet long, to the Porpoife that is five or fix: however,
if they differ as much among themfelves as the Salmon does
from the Sprat, there is not that comparative difference in fize
that would at firlt appear. The Whalebone Whale is, T be-
lieve, the largeft; the Spermaceti Whale the next in fize (the
one which I examined, although not full grown, was about
fixty feet long); the Grampus, which is an extenfive genus, is

probably
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probably from twenty to fifty feet long; under this denomi-
nation there is a number of {pecies.

From my want of knowledge of the different genera of this
tribe of animals, an incorreétnefs in the application of the
anatomical account to the proper genus may be the confe-
quence ; for when they are of a certain fize, they are brought
to us as Porpoifes ; when larger, they are called Grampus, or
Fin-fith. A tolerably corret anatomical defcription of each
{pecies, with an accurate Drawing of the external form,
would lead us to a knowledge of the different genera, and
the {pecies in each ; and, in order to forward {o ufeful a work,
1 propofe, at fome future period, to lay before the Society
defcriptions and drawings of thofe which have come under my
own obfervation.

From fome circumftances in their digeftive organs we
thould be led to fuppofe, that they were nearly allied to each
other; and that there was not the fame variety, in this refpe&,
asin land animals.

In the defcription of this order of animals, I fhall always
keep in view their analogy to land animals, and to fuch as occa-
fionally inhabit the water, as white Bears, Seals, Manatees,
&c. with the differences that occur. This mode of referring
them to other animals, better known, will affift the mind in
underftanding the prefent fubjet. It is not, however, intended in
this Paper to give a particular account of the ftructure of all
the animals of this order, which I have had an opportunity of
examining: I propofe, at prefent, chiefly to confine myfelf to
general principles, giving the great outlines as far as T am
acquainted with them, minutenefs being only neceffary in the
inveftigation of particular parts.

Vor. LXXVIL Hhh In
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In my account I fhall pay fome attention to the relations of
men who have given falts without knowing their caufes, when-
ever I find that {uch fafts can be explained upon true principles
of tie animal ceconomy, but no further.

This order of animals has nothing peculiar to fith, except
living in the fame element, and being endowed with the
fame powers of progreflive motion as thofe fith that are
intended to move with a confiderable velocity: for I be-
lieve, that all that come to the furface of the water (which
this order of animals muft do) have confiderable progreflive
motion ; and this reafoning we may apply to birds ; for thofe
which foar very high have the greateft progreflive motion.

Although inhabitants of the waters, they belong to the
fame clafs as quadrupeds, breathing air, being furnithed with
lungs, and all the other parts peculiar to the ceconomy of that
clafs, and having warm blood ; for we may make this general
remark, that in the different clafies of animals there is never
any mixture of thofe parts which are eflential to life, nor in
their different modes of fenfation.

I fhall divide what is called the ceconomy of an animal,
firft, into thofe parts and altions which refpe@ its internal
funttions, and on which life immediately depends, as growth,
wafte, repair, thifting or changing of parts, &c. the organs
of refpiration and fucretlon, in which we may include the
powers of propagating the fpecies.

Secondly, into thofe parts and acions which refpet external
obje&ts, and which are varioufly conftruted, according to
the kind of matter with which they are to be conneted,
whence they vary more than thofe of the firft divifion.
Thefe are the parts for progreflive motion, the organs of fenfe

and
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and the organs of digeftion ; all which either a&; or are alted
upon,- by external matter.

T'his variation from external caufes in many inftances in=
fluences the fhape of the whole, or particular parts, even
giving a peculiar form to fome which belong to the firft order
of a&ions, as the heart, which in this tribe, in the Seal, Otter,
- &e. is flattened, becaufe the cheft is flattened for the purpofe
- of {wimming. The contents of the abdomen are not only
adaptcd to the external form; but their direttion in the cavity
is, in fome in{tances, regulated by it. The anterior extremity, or
fin, although formed of diftinét parts, in fome degree fimilar
to the anterior extremities of fome quadrupeds, being com-
pofed of fimilar bones placed nearly in the fame manner, yet
are {o formed and arranged as to fit them for progreflive
motion in the water only.

The external form of this order of animals is fuch as
fits them for dividing the water in progreflive motion, and
gives them power to produce that motion in the fame manner
as thofe fith which move with a confiderable velocity. On
account of their mhabltmg the water, their external form is
more uniform than in animals of the fame clafs which live
upon land, the furface of the earth on which the progreflive
motion of the quadruped is to be performed being various and
irregular, while the water 1s always the fame.

The form of the head or anterior part of this order of animals
iscommonly a cone, or an inclined plane, except in the Sperma-
ceti Whale, in which it terminates in a blunt furface. This form
of head increafes the furface of contact to the fame volume of
water which it removes, leflens the preflure, and is better
calculated to bear the refiftance of the water through which
the animal is to pafs; probably, on this account, the head

Hhhaz is
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is larger than in quadrupeds, having more the propor-
tion obferved in fith, and {welling out laterally at the
articulation of the lower jaw: this may probably be for
the better catching their prey, as they have no motion of
the head on the body; and this diftance between the arti-
culations of the jaw is fomewhat fimilar to the Swallow,
Goat-fucker, Bat, &c. which may alfo be accounted for,
from their catching their food in the fame manner as fith; and
this is rendered {till more probable, fince the form of the
mouth varies according as they have or have not teeth. There
is, however, in the Whale tribe more variety in the form of the
head than of any other part, as in the Whalcbone, Bottle~
nofe, and Spermaceti Whales ; though in this laft it appears
to owe its fhape, in fome fort, to the vaft quantity of {permaceti
lodged there, and not to be formed merely for the catching of its
prey. From the mode of their progreflive motion, they have
not the conne@ion between the head and body, that is called
the neck, as that would have produced an inequality inconve~
nient to progreflive motion.

The body behind the fins or fhoulders diminifhes gradually
to the {preading of the tail; but the part beyond the open-
ing of the anus is to be confidered as tail, although to ap-
pearance it is a continuation of the body. The body itfelf is
flattened laterally ; and, 1 believe, the back is much fharpes
than the belly.

The proje&ling part, or tail, contains the power that pro-
duces progreflive motion, and moves the broad termination,
the motion of which is fimilar to that of an oar in fculling a
‘boat; it fuperfedes the neceffity of pofterior extremitics, and
allows of the proper fhape for {wimming ; that the form may
be preferved as much as poffible, we find that all the projecting

6 parts,,
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parts, found in land animals of the fame clafs, are either ine
tirely wanting, as the external ear; are placed intefnaliy, as
the tefticles; or are fpread along under the fkin, as the
udder.

The tail is flattened horizontally, which is contrary to
that of fifh, this pofition of tail giving the diretion to the ani-
mal in the progreflive motion of the body. I fhall not purfue
this circumftance further than to apply it to thofe purpofes in
the animal ceconomy, for which this particular direion is
intended. |

The two lateral fins, which are analogous to the anterior
extremities in the quadruped, are commonly {mall; varying
however in fize, and feem to ferve as a kind of oars.

To afcertain the ufe of the fiz on the back is probably not
{o eafy, as the large Whalebone and Spermaceti Whales have it
not; one fhould otherwife conceive it intended to preferve the
animal from turning. o

I believe, like moft animals, they are of a l’ighter colour on
their belly than on their back : in fome they,are'intirely‘Wh;i,te
on the belly ; and this white colour begins by a regular deter~
mined line, asin the Grampus, Piked Whale, &c. : in others,
the white on the belly is gradually thaded into. the dark colour
of the back, as in the Porpoife. I have been informed, that fome
of them are pied upwards and downwards, or have the divifions
of colourin a contrary diretion.

The element in which they live renders certain parts which
are of importance in other animals ufelefs in them, gives to
fome parts a different ation, and renders others of lefs account,

The punca lachrymalia with the appendages, as the fac and
du&,are in them unneceflary; and the fecretion from the lachry-
mal gland is not water, but mucus, asit alfo isin the Turtles

and'
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and we may fuppofe only in'fmall quantity, the gland it
being {mall.

The urinary bladder is fmaller than.in quadrupeds; and i
deed there is not any apparent reafon why Whales thould ha
one at all.

The tbngue is flat, and but little proje@ing, as they neith
have voice, nor réqliire much action of this part, in applyi
the food between the teeth for the purpofe of maftication,
deo“lutmon, being néarly fimilar to fith in this refpe, as w

s in their progreflive motion.

In' {fome particularé they differ as much from one another
any. two genera of quadrupeds I am acquainted with.

The larynx, fize of trachea, and number of ribs, dif
exceedingly. The’ cecum is ouly found in fome of the
The teeth in fome are wanting. The blow-holes are two
number in any, in others only one.  The whalebone a
{permaceti are peculiar to particular genera: -all which conf
tute great variations. In other refpe@s we find an uniformi
VVthh would appear to be mdependent of their hvmg a
movmg onlv in the water, as in ‘the ftomath, liver, parts
generanon of both fexes, and in the kidoeys: in thefe 1
however, I believe, it depends in fome degree upon their fitt
tion, although it is extended to other animals, the caufe
which I do not underftand.

All animals have, I believe, a fmell peculiar to themfelve
how far this is conne@ed with ' the other diftin&ions, I dor
know, our organs not being able to diftinguith with fufficie
accuracy.

The {mell of animals of this tribe is the fame with that
the Scal, but not fo ftrong, a kind of four {fmell, which t

5 Se
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Seal has while alive; the oil has the fame {mell with that
of the Salmon, Herring, Sprat, &c.

The obfervations refpe@ting the weight of the fleth of ani-
mals that {wim, which I publithed in my obfervations on the
ceconomy of certain parts of animals, are applicable to thefe
alfo; for the fleth in this tribe is rather heavier than beef; two
portions of mufcle of the fame fhape, one from the pfoas mufcle
of the Whale, the other of an ox, when weighed in air, were
both exaltly 502 grains; but, weighed in water, the portion of
the Whale was four grains heavier than the other. It is pro-
bable, therefore, that the ncceflary equilibrium between the
water and the animal, is produced by the oil, in addition to
which the principal action of the tail is fuch as tends either
to raife them, or keep them fufpended in the water, according
to the degree of force with which it acts,

From the tail being horizontal, the motion of the animal,
when impelled by it, is up and down: two 'advan,tages are
gained by this, it gives the neceflary opportunity of breathing,
and elevates them in the water; for every motion of the tail
tends, as I faid before, to raife the animal : and that this may
be effe&ed, the greateft motion of the tail is downwards, thofe
mufcles being very large, making two ridges inthe abdomen
this motion of the tail raifes the anterior extremity, which
always tends to keep the body fufpended in the water..

Of the Bones.

'The bones alone, in many animals, when properly united
into what is called the fkeleton, give the general fhape and
charalter of the animal. Thus a quadruped is diftinguifhed
from a bird, and even one quadruped from another, it only

requiring
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requiring a fkin to be thrown over the fkeleton to make the
{pecies known; but this is not fo decidedly the cafe with this
order of animals, for the fkeleton in them does not give us the
true thape. An immenfe head, a {mall neck, few ribs, and
in many a fhort fternum, and no pelvis, with a long fpine,
terminating in a point, require more than a fkin being laid
over them to give the regular and chara&eriftic form of the
animal.

The bones of the anterior extremity give no idea of the
fhape of a fin, the form of which depends wholly upon its
covering. The different parts of the fkeleton, are fo inclofed,
and the fpaces between the projecting parts are fo filled up, as
to be altogcther concealed, giving the animal externally an
uniform and elegant form, refembling an infect enveloped in
its chryfalis coat.

The bones of the head are in general fo large, as to render
the cavity which contains the brain but a {fmall part of the
whole ; while, in the human f{pecies, and in birds, this cavity
conftitutes the principal bulk of the head. This is, perhaps,
moft remarkable in the Spermaceti Whale; for on a general
view of the bones of the head, it is impoffible to determine
where the cavity of the fkull lies, till led to it by the foramen
magnum occipitale. The fame remark is applicable to the
large Whalebone and Bottle-nofe Whale; but in the Porpoife,
where the brain is larger in proportion to the fize of the ani-
mal, the fkull makes the principal part of the head.

Some of the bones in one genus differ from thofe of ano-
ther. The lower jaw is an inftance of this. In the Sperma-
ceti and Bottle-nofc Whales, the Grampus, and the Porpoife,

the lower jaws, efpecially at the pofterior ends, refemble each
other;
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other; but in both the large and fimall Whalebone Whales,
the fhape differs confiderably. The number of fome parti~
cular bones varies likewife very much. |

The Piked Whale has feven vertebrae in the neck, twelve
which may be reckoned to the back, and twenty-feven to the
‘tail, ‘making forty-fix in the whole.

In the porpoife there are five cervical vertebrze, and one com-
mon to the neck and back, fourteen proper to the back, and 30
‘to the tail, making in the whole fifty-one.

The {mall Bottle-nofe Whale, caught near Berkeley, in
the number of cervical vertebra refembled the Porpoife; it had
{eventeen in the back, and thirty-feven in the tail, in all
{ixty.

In the Porpoife, four of the vertebree of the neck are an-
chylofed ; and in every animal of this order, which I have
examined, the atlas is by much the thickeft, and feems to be
made up of two joined together, for the fecond cervical nerve
pafles through a foramen <in this vertebra. Theré is no arti«
culation for rotatory motion between the firft and fecond ver-
‘tebre of the neck.

The {mall Bottle-nofe Whale had eighteen ribs on each fide,
‘the Porpoife fixteen. The ends of the ribs that have two arti-
-culations, in the whole of this tribe, I believe, arearticulated
wwith the body of the vertebra above, and with the tranfverfe
procefies below, by the angles ; {o that there is one vertebra coms
anon to the neck and back. In the large Whalebone Whale
‘the firft rib is bifurcated, and confequently articulated to two
vertebrae. o |

The fternum is very flat in the Piked Whales it is only
one very fhort bone; and in the Porpoife it is a good deal
Jonger. In the fmall Bottlesnofe it is compofed of three

Vor. LXXVII, ' Iii ~ bones,
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bones, and is of fome length. "In the Piked Whale the firft
sib, and in the Porpoife the three firft, are articulated with the -
fternum. ,

As a contradion, correfponding to the neck in quadrupeds,
would have been improper in this-order of animals, the verte-
bre of the neck are thin, to make the diftance between the
head and fhoulders as thoit as pofiible, and in the {fmall Bottle~
nofe Whale are only fix in number.

The ftru@ure of the bones 1s fimilar to that of the bones of
quadrupeds ; they are compofed of an animal {ubftance, and
an earth that is not animal: thefe feem only to be mechani-
cally mixed, or rather the earth thrown into the interftices of
the animal part. In the bones of fithes this does not feem to be
the cafe, the earth in many fith being fo united with the ani-
mal part, as to render the whole tran{parent, which is not the
cafe when the animal part is removed by fteeping the bone in
cauftic alkali: nor is the animal part fo tranfparent when
deprived of the earth. The bones are lefs compact than
thofe of quadrupeds that are fimilar to them.

Their form fomewhat refembles what takes place in the
quadruped, at leaft in thofe whofe ufes are fimilar, as the
vertebrz, ribs, and bones of the anterior extremities have
their articulations in part alike, although not in all of them.
The articulation of the lower jaw, of the carpus, metacarpus,
and fingers, are exceptions. The articulation of the lower
jaw is not by fimple contact either fingle or double, joined by
2 capfular ligament, as in the quadruped; but by a very thick
intermediate fubftance of the ligamentous kind, fo interwoven
that its parts move on each other, in the interftices of which is
an oil. ‘This thick matted fubftance may anfwer the fame
purpofe as the double joint in the quadruped.

The
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The two fins are analogous to the anterior extremities of the
quadruped, and are alfo fomewhat fimilar in conftru&ion. A
fin is compofed of a fcapula, os humeri, ulna, radius, carpus,
and metacarpus, in which laft may be included the fingers,
becaufe the number of bones are thofe which might be called
fingers, although they are not feparated, but included in one
general covering with the metacarpus. They have nothing,
analogous to the thumb, and the number of bones in each is
different ; in the fore-finger there are five bones, in the middle
and ring-finger feven, and in the little finger four. The arti~
culation of the carpus, metacarpus, and fingers, is different
from that of the quadruped, not being by capfular igament,
but by intermediate cartilages conneéted to each bone. Thefe
cartilages between the different bones of the fingers are of con-
fiderable length, being nearly equal to one-half of that of the
bone; and this conftruion of the parts gives firmnefs, with'
fome degree of pliability, to the whole.

As this order of animals cannot be faid to have a pelvis,
they of courfe have no os facrum, and therefore the vertebra
are continued on to the end of the tail ; but with no diftin&ion-
between thofe of the loins and tail. But as thofe vertebrz
alone would not have had fufficient furface to give rife to the
mufcles requifite to the motion of the tail, there are bones
added to the fore-part of fome of the firft vertebra of the tail,
fimilar to the fpinal procefles on the pofterior furface.

From all thefe obfervations we inay infer, that the firu&ure,
formation, arrangement, and the union of the bones, which
compofe the forms of parts in this order of animals, are much
upon the fame principle as in quadrupeds.

The fleth or mufcles of this order of animals is red, refem-

bling that of moft quadrupcds, perhaps more like that of the
Iiiaz Buli
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Bull or Horfe than any. other animal: fome of it'is very firm 3-
and about the breaft and belly it is mixed with tendon.

Although the body and tail is compofed of a {eries of bones con- -
ne@ed together and moved as in fith, yet it has its: movements .
produced by long mufcles, with long tendons, which-renders the
body thicker, while the tail at-its ftem s {maller-than that of
any other fwimmer, whofe principal motion is the fame. Why
this mode of applying. the moving powers fhould not have
been ufed in fifh, i1s probably not fo eafily anfwered ;. but in-
fifh the mufcles of the body.are.of nearly the fame length as-
the vertebree,

The depreffor mufcles of the tail, which are-fimilar in fitua--
tion to the pfloz, make two very large ridges on the lower part:
of the cavity of the belly,. rifing much-higher than the fpme,
and the lower part of the aorta paffes between them,

Thefe two large mufcles,. inftead- of being inferted into two
extremities as in the quadruped, goto the tail, which may be.
confidered in this order of animals as-the two pofterior extre-
Inities united into one.

Their mufcles, a very fhort time after death, lofe their
fibrous ftrufture, become as uniform in texture as clay or
dough, and even fofter. ‘Thischange is not from putrefa&tion,.
as they continue to be free from any offenfive {mell, and is moft
remarkable in the pfoz mufcles, and thofe of. the back. -

Of the Confiruction of the Taili

The mode in which the tail is conftru&ed is, perhaps, as
beautiful, as to the mechanifm, asany part of the animal. It
is wholly compofed of three layers of tendinous fibres,. co~
vered by the common cutis and cuticle : two of thefe layers

4 are
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“are external, the other internal. The dire&ion of the fibres
of the external layers is the fame as in the tail, forming a ftratum
about one-third of an inch thick ; but varying, in this re{pect,
as the tail is thicker or thinner. The middle layer is com-
pofed entirely of tendinous fibres, pafling diretly acrofs, be-
tween the two external ones above defcribed, their length be-
ing in proportion to the thicknefs of the tail; aftru&ure which
gives amazing ftrength to this part. o

The fubftance of the tail is fo firm and’ compa&, that the
veflels retain their dilated ftate, even when cut acrofs; and’
~this fe@ion confifts of a large veflel furrounded by as many
fmall ones as can come in contat with its external furface;.
which of thefe are arteries, and which veins; I do not know.

The fins are merely covered with.a ftrong condenfed adipofe.
membrane..

Of the Fat..

The fat'of this order of animals, except” the fpermaceti, is-
what we generally: term oil. . It does-not coagulate in our:
atmofphere, and is probably the moft fluid of animal fats; but
the fat of every different order of animals has not a peculiar-
degree of folidity, fome having it in the {fame ftate, as the Horfe
and Bird: What'I- believe approaches neareft to fpermaceti,.
is the fatof: ruminating animals, called tallow.

The fat is differently fituated in-different orders of animals ;-
probably for particular purpofes; at leaft in fome we can affigna
final intention. In the animals, which are the fubjet of the pre-
fent Paper,. it is found principally on the outfide of the mufcles,
immediately under the fkin, and is in confiderable quantlty :
It is rarely to be met with in theinterftices of the mufcles, or i

any of the cavities, fuch as-the abdomen or about the heart..
In
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In animals of the fame clafs living on land, the fat is more
diffufed : it is fituated, more efpecially when old, in the inter~
ftices of mufcles, even between the fafci¢uli of mufcular fibres,
and is attached to many of the vifcera; but many parts are-
free from fat, unlefs when difeafed, as the penis, {crotum,
tefticle, eyelid, liver, lungs, brain, fpleen, &c.

In fith its fituation is rather particular, and is moft com-
monly in two modes ; in the one, diffufed through the whole
body of the fifh, as in the Salmon, Herring, Pilchard, Sprat,
&c.; inthe other, it is found in the liver only, asin all of the
Ray kind, Cod, and in all thofe called White-fith, there being
none in any other part of the body *. The fat of fith appears
to be diffufed through the fubftance of the parts which contain
it, but is probably in diftin& cells, In fome of thefe fifh,
where it is diffufed over the whole body, it is more in fome
parts than others, as on the belly of the Salmon, where it is in
larger quantity.

The fat is differently inclofed in different orders of animals.
In the quadruped, thofe of the Seal kind excepted, in the
‘bird, amphibia, and in fome fith, it is contained in loofe
cellular membrane, as if in bags, compofed of {maller ones,
‘by which means the larger admit of motion on one another,
-and on their conne&ing parts; which motion is in a greater or
lefs degree, as is proper or ufeful. Where motion could anfwer
no purpofe, as in the bones, it is confined in ftill {maller cells.
“The fatisin a lefs degree in the foles of the feet, palms of the
‘hands, and in the breafts of many animals. In this order of ani-
mals and the Seal kind, as far as I yet know, it is.difpofed of in
two ways; the fmall quantity found in the cavities of the body,

* The Sturgeon is, however, an exception, having its fat in particular

htuations, and in the interftices of parts, as in other animals,
~and
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and interflices of parts, isin general difpofed in the fame way as
in quadrupeds ; buF the external, which includes the principal
part, is inclofed in a reticular membrane, apparently compofed of
fibres paffing in all direGtions, which feem to confine its extent,
allowing it little or no motion on itfelf, the whole, when dif-
tended, forming almoft a folid body. ‘This, however, is not
always the cafe in every part of animals of this order; for
under the head, or what may be rather called neck, of the Bottle~
nofe, the fat is confined in larger cells, admitting of motion.

"This reticular membrane is very fine in fome, and very ftrong

and coarfe in others, and even varies in different parts of the

fame animal. It is fine in the Porpoife, Spermaceti, and-
large Whalebone Whale; coarfe in the Grampus and {mall

Whalebone Whale *: in all of them it is fineft on the body, .
becoming coarfer towards the tail, which is compofed of fibres -
without any fat : which is alfo the cafe in the covering of .the

fins, This reticular net-work in the Seal 1s very coarfe; and
in thofe which are not fat, when it collapfes, it looks almoft

like a fine net with fmall mefhes. This firuéture confines the

animal to a determined fhape, whereas in quadrupeds fat when
in great quantity deftroys all fhape.

The fat differs in confiftence in différent animals, andin dif
ferent parts of the fame animal, in which its fituation is various.
In quadrupeds,fome have the external fat fofter than the internal;
and thatinclofed in bones is fofteft nearer to their extremities,
Ruminating animals have that {pecies of fat called tallow, and in
their bones they have either hard fat or marrow, or fluid fat called
Neat’s-foot oil. In this order of animals, the internal fat is the
leaft fluid, and is nearly of the confiftence of Hog’s-lard; the.

* Where it is fine, it yields thﬁ; largeft quantity of oil, and requires the leaft”
boiling. :
3 external
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external 1s the common train oil; but the Spermaceti Whale
differs from every other animal I have examined, having the
two kinds of fat juft mentioned, and another which is totally
different, called fpermaceti, of which I fhall give a particular
account.

What is called {permaceti is found every where in the body
in {mall quantity, mixed with the common fat of the animal,
bearing a very {rnall proportion to the .other ‘fat. In the head
it is the reverfe, for there the quantity of {permaceti 1s large
when compared to that of the oil, although ‘they are mixed,
as in the other parts of the body

"As the {permaceti is found in the large{’c quantity in the
‘head, and in what would appear on a {light view to be the cavity
of the fkull, from a peculiarity in the fhape of that bone, it
has beenimagined by fome to be the brain.

Thefe two'kinds of fat .in the thead are contained in cells,
or cellular .membrane, in the fame -manner as the fat in
other animals; but befides the common:cells there are larger
ones, or ligamenteus -partitions going acrofs, the better to
fupport the vaft load of oil, of which the.bulk of the head is
principally made up.

There are two places:in the head wherethis o1l lies ; thefe
are fituated along its upper and lower part: between them pafs
the noftrils, and a vaft number of tendons going to the nofe and
different parts of the head.

The pureft fpermaceti is contained in the fmalleft and Jeaft
ligamentous .cells : it lies above the noftril, all along:the upper
part of sthe thead, immediately under the fkin, and common
adipofe ‘membrane. Thefe.cells refemblesthofe which contain
the common fat'in the other parts of the.body neareft the fkin.
That which lies above the:roof -of :the .mouth, or between it

and
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and the noftril, is more intermixed with a ligamentous cellular
membrane, and lies in chambers whofe partitions are perpen-
dicular. Thefe chambers are {maller the nearer to the nofe,
Lecoming larger and larger towards the back part of the head,
where the {permaceti 1s more pure.

This f{permaceti, when extra&ed cold, has a good deal the
appearance of the internal ftructure of a water melon, and is
found in rather folid lumps.

About the nofe, or anterior part of the noftril, T difcovered
a great many veflels, having the appearance of a plexus of
veins, fome as large as a finger. On examining them, I found
they were loaded with the fpermaceti and oil; and that fome
had correfponding arteries. They were moft probably lym-
phatics ; therefore I fhould fuppofe, that their contents had been
abforbed from the cells of the head. We may the more
readily {uppofe this, from finding many of the cells, or cham-
bers, almoft empty; and as we may reafonably believe that
this animal had been fome time out of the feas in which it
could procure proper food, it had perhaps lived on the fuper-
abundance of oil.

The folid maffes are what are brought home in catks for
{permaceti.

I found, by boiling this fubftance, that I could eafily extra&t
the {permaceti and oil which floated on the top from the cellu-
lar membrane. When I {kimmed off the oily part, and let it
ftand to cool, I found that the fpermaceti cryftallifed, and the
whole became folid; and by laying this cake upon any {pongy
{ubftance, as chalk, or on a hollow body, the oil drained all off,
leaving the {permaceti pure and white. Thefe cryftals were
only attached to each other by edges, forming a {fpongy mafs;
and by melting this pure fpermaceti, and allowing it to cry-

Vor. LXXVIIL Kkk ftallife,
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ftallife, it was reduced in appearance to half its bulk, the cryftals
being fimaller, and more blended, confequently lefs diftint.

The {permaceti mixes readily with other oils, while it is in
a fluid ftate, but feparates or cryftallifes whenever it is
cooled to a certain degree; like two different falts being diffolved
in water, one of which will cryftallife with a lefs degree of
evaporation than the other; or, if the water is warm, and
fully faturated, onc of the falts will cryftallife foorer than the
other, while the folution i1s cooling. I wanted to fee whether
fpermaceti mixed equally well with the exprefled oils of vege-
tables when warm, and likewife feparated and cryftallifed when
cold, and on trial there feemed to be no difference.  When very
much diluted with the oil, it is diffolved or melted by a much
finaller degrec of heat than when alone; and this is the rea-
fon, perhaps, thatit is in a fluid ftate in the living body.

If the quantity of fpermacett i1s fmall in proportion to. the
other oil, it is, perhaps, nearly in that proportion lenger in
eryftallifing ; and when it does cryftallife, the cryftals are
much f{maller than thofe that are formed where the propor-
tion of fpermaceti is greater. From the {lownefs with- which
the {permaceti cryftallifes when much diluted with its oil, from
a confiderable quantity being to be obtained in that way, and
from its continuing for years to. cryftallife, one would: be in-
duced to think, that perhaps the oil itfelf is converted into.
fpermaceti. _ ‘

It is moft likely, that if we could difcover the exa& form
of the different cryftals of oils, we fhould thence be able to.
afcertain both the different forts of vegetable oils, exprefled and:
eflential, and the different forts of animal oils, much better
than by any other means; in the fume manner as we know falts
by the forms into which they fhoot.

6 | The
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The fpermaceti does not become rancid, or putrid, nearly {o
foon as the other animal oils; whichis moft probably owing to
the {permaceti being for the moft part in a folid flate; and I
fhould fuppofe, that few oils would become fo foon rancid as
they do, if they were always preferved in that degree of cold
which rendered them folid : neither does this oil become {o {foon
putrid as the flefh of the animal ; and therefore, although the
oil in the cells appeared to be putrid before boiling, it was
fweet when deprived of the cellular fubftance. The fperma-
ceti is rather heavier than the other oil.

In this animal then we find two {orts of oil, befides the
deeper feated fat, common to all of this clafs; one of which cry-
ftallifes with a much lefs degree of cold than the other, and of
courfe requires a greater degree of heat to melt it, and forms,
perhaps, the largeft cryftals of any exprefled oil we know:
yet the fluid oil of this animal will cryftallife in an ex-
treme hard froft, much fooner than moft effential oils, though
not fo foonas the exprefled oils of vegetables. Camphire, how-
ever, is an exception, fince it cryftallifes in our warmeft wea-
ther, and when melted with exprefled oil of vegetables, if
the oil is too much faturated for that particular degree of cold,
cryftallifes exaltly like {permaceti.

In the Ox the tallow, and what is called Neat’s-foot oil, cry-
ftallife in different degrees of cold. The tallow congeals with
rather lefs cold than the {permaceti; but the other oil 1s fimilar
to what is called the train oil in the Whale.

I have endeavoured to difcover the form of the cryftals of
different forts of oil; but could never determine exatly what
that was, becaufe I could never find any of the cryftals fingle,
and by being always united, the natural form was not diftinct.

Kkka2 It
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It is the adipofe covering from all of the Whale kind that
is brought home in fquare pieces, called flitches, and which,
by being boiled, yields the oil on expreffion, leaving the cellular
membrane. When thefe flitches have become in fome degree
putrid, there iffues two forts of oil; the firft is pure, the laft
feems incorporated with part of the animal fubftance, which
has become cafly of folution from its putridity, forming a kind
of butter. It is unuous to the touch, ropy, coagulates or
becomes harder by cold, {wims upon water, not being foluble
in it; and the pure oil, feparating in the fame manner from
this, {fwims above all.

What remains, after all the oil is extracted, retains a good
‘deal of its form, is almoft wholly convertible into glue, and is
{old for that purpofe.

The cellular, or rather what fhould be called the uniting
membrane in this order of animals, is fimilar to that in the
quadruped ; we find it uniting mufcle to mufcle, and mufcle
to bone, for their ca{y motion on one another.

The cellular membrane, which is the receptacle for the oil
near the furface of the body is in general very different from
that in the quadruped, as has been already obferved.

Of the Skin.

The covering of this order of animals confifts of a cuticle

and cutis. |
The cuticle is fomewhat fimilar to that on the fole of the
foot in the human fpecies, and appears to be made up of a
number of layers, which feparate by flight putrefattion ; but
this I {ufpeét arifes in fome degree from there being a fucceffion
wof cuticles farmed. It has no degree of elafticity or toughnefs,
4 ' but
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but’ tears eafily'; nor do its fibres appear to have any particular
dire@ion. The internal ftratum is tough and thick, andin the
Spermaceti Whalc its internal furface, when feparated from
the cutis, is juft like coarfe velvet, each’ pile ftanding firm in
its place; but this is not fo diftinguithable in fome of the
others, although it appears rough from the innumerable per-
forations. ‘

It is the cuticle that gives the colour to the animal; and in
parts that are dark, I think; I have feen a dirty coloured
fubftance wathed away in the {eparation of the cuticle fromthe
cutis, which muft be a kind of rete mucofum.

The cutis in this tribe is extremely villous on its external
furface, anfwering to the rough furface of the cuticle, and form=
ing in fome parts fmall ridges, fimilar to thofe on the human
fingers and toes. 'Thefe villi are foft and pliable; they float in
water, and each is longer or fhorter according to the fize of the
animal. In the Spermaceti-Whale they were about a quarter
of an inch long; in - the -Grampus, Bottle-nofe and- Piked
Whales, much thorter ; in-all, they are extremely vafcular.

The cutis feems to be the termination of the cellular mem-=
brane of the body more clofely united, ‘having {maller inter-
ftices, and ‘becoming more compatt.” This alteration in the
texture is o {udden’as to make an evident diftin&tion between
what is folely conne&®ing membrane, and fkin, and s moft evi-
dent in lean animals; for in ‘the change- from fat to lean, the
{kin does not undergo an -alteration equal to what takes place
in the adipofe membrane, although it ‘may be obferved, that
the fkin 1tfelf is diminifhed in thicknefs. In fat animals the dif-
tin&ion between fkin and cellular membrane ismuch lefs, the gra-
dation from the one to the other feeming to be flower ; -for the
cells of both membrane and fkin being loaded with fat, the whole

has
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thas more the appearance of one wuniform fubflance. This
uniformity of the adipofe membrane and fkin is moft ob-
{ervable in the Whale, Seal, Hog, and the human {pecies ;
and is not-only vifible in the raw but in the drefled hides; for
in drefled fkins the external is much more compaé in texture
than the inner furface, and is in common very tough.

In fome animals the cutis is extremely thick, and in fome
parts much more fo than others : where very thick, it appears
to be intended as a defence againft the violence of their own
{pecies or other animals. In moft quadrupeds it is mufcular,
contraéting by cold, and relaxing by heat. Many other fi-
mulating fubftances make it contra&; but cold is probably
that ftimulus by which it was intended to be generally af-
felted.

The fkin is extremely elaftic in the greateft number of qua-
drupeds, and in its contracted f{tate may be faid to be rather too
imall for the body; by this elafticity it adapts itfelf to the
changes which are conftantly taking place in the parts, and it is
from the want of it, that it becomes too large in fome old animals,
In all animals it is more elaftic in fome parts than others, efpe-
cially in thofe where there is the greateft motion. How far thefe
variations take place in the Whale I do not exa&ly know ; but
aloofe elaftic fkin in this tribe would appear to be improper as an
univerfal covering, confidering the progreflive motion of the ani-
mal, and the medium in which it moves; therefore it appears to
be kept always on the firetch, by the adipofe membrane being
loaded with fat, which does not allow the fkin to recede when cut.
It is, however, moreclaftic at the fetting on of the eyelids, round
the opening of the prepuce, the nipples, the fetting on of the
fins, and under the jaw, to allow of motion in thofe parts s

and
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and here there is more reticular, and lefs adipofe membrane.
Bot in the Piked Whale there 1s probably one of the moft
ftriking inftances of an elaftic cuticular contra&ion: for
though the whole tkin of the fore part of the neck and breaft of
the animal, as far down as the middle of the belly, be extremely
elaftic; yet to render1 it ftitl more fo, 1t 1s ribbed longitudinally
like a ribbed ftocking, which gives an 1increafed lateral elafti-
city. Thefe ribs are, when contrated, about five-eighths of an
inch broad, covered with the common fkin of the animal; but in
the hollow part of the rib, it is of a fofter texture, with a thinner
cuticle. This part 1s poﬂeﬂed of the greateft elafticity ; why
it thould be fo elaftic 1s difficult to fay, 'as it covers the
thorax, which can never be increafed in fize; yet there muft
.be fome peculiar circumftance in the ceconomy of the fpecies.
requiring this ftruéture, which we as yet know nothing of.
The 1kin is intended for various purpofés. tIt 1s the univer=
fal covering given for the defence of all kinds of animals; and
that it might anf{wer this purpofe well, it is the feat of one of
the fenfes.

Of the Mode of catcling their Food.

The mouths of animals are the firft parts to be confidered
refpe&ting nourithment or food, and are fo much conneéted
with every thing relative to it, as not only to give good hints
whether the food is vegetable or animal, but alfo refpe&ting
the particular kind of either, efpecially of animal food. The
mouth not only receives the food, but is the immediate inftru-
ment for catching it. Asitis a compound inftrument in many
animals, having parts of various conftrutions belonging to i,
I fhall at prefent confider it in this tribe no further than as

conneéted:
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conneéed with their mode of catching the food, and adapting
and difpofing 1t for being {wallowed. It is probable, that thefe
animals do not require either a divifion of the food, or a mafti-
cation of 'it in the mouth, but {fwallow whatever they catch,
whole ;- for we donot find any of them furnithed with parts ca-
pable of producing either effe¢t. The mouth in moft of this
tribe is well adapted for catching the food; the jaws fpread
as they go back, making the mouth preportionally wider than
in many other animals.

There is a very great variety in the formation of the mouths
of this tribe of animals, which we have many opportunities of
knowing, from the head being often brought home when the
other parts of the animal are rejefted; a circumftance which
frequently leaves us ignorant of the particular fpecies to which
it belonged. - »

Some catch their food by means of teeth, which are in
both jaws, as the Porpoife and Grampus; in others, they are
only inonejaw, asin the Spermaceti Whale; and in the large
Bottle-nofe Whale, defcribed by DALE, there are only two {mall
tecth in the anterior part of the lower jaw. In the Narwhale
only two tufks in the fore part of the upper jaw *; while
i fome others there are none at all.  In thofe which have teeth
in both-jaws, the number in each: varies confiderably ; the {mall
Bottle-nofe had forty-fix in the upper, and fifty in the lower;
-and in the jaws of others there are only five or fix in each.

The: teeth are not divifible into different claffes, as in qua-
drupeds ; but are all pointed teeth, and are commonly a good
deal fimilar. Each tooth is a double cone, one point being

* T call thefe tufks to diftinguifh them from common teeth, A tufk is that
¥ind of tooth which has no bounds fet to its growth, excepting by abrafion, as
the tulk of the Elephant, Boar, ‘Sea-hor{e, Manatee, &c,

faftened
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faftened in the gum, the other proje&ing : they are, however,
not all exa&tly of this thape. « In'fome fpecies of Porpoife the
fang 1s flattened, and thin at its extremity; in the Spermaceti
Whale the body of the tooth is a little curved towards the
back part of the mouth; this is alfo the cafe in fome others.
"The teeth are compofed of animal f{ubftance and earth, fimilar
to the bony part of the teeth in quadrupeds. The upper teeth are
commonly worn down upon the infide, the lower on the out-
fide; this arifes from the upper jaw being in general the largeft.

The fituation of the teeth, when firft formed, and their progrefs
afterwards, as far as I have been able to obferve, is very different
in common from thofe of the quadruped. In the quadruped the
teeth are formed in the jaw, almoft furrounded by the alveoli,
or fockets, and rife in the jaw as they increafe in length; the
covering of the alveoli being abforbed, the alveoli afterwards
rife with the teeth, covering the whole fang ; but in this tribe
the tecth appear to formin the gum, upon the edge of the jaw,
and they either fink in the jaw as they lengthen, or the alveoli
rife to inclofe them : this laft is moft probable, fince the depth
of the jaw is alfo increafed, fo that the teeth appear to fink
deeper and deeper in the jaw. This formation is readily dif-
covered in jaws not full grown ; for the teeth increafe in num-
ber as the jaw lengthens, as in other animals. The pofterior
part of the jaw becoming longer, the number of tecth in that
part increafes, the fockets becoming fhallower and fhallower,
and at laft being only a flight depreffion.

It would appear, that they do not thed their teeth, nor have
they new ones formed fimilar to the old, as is the cafe with
moft other quadrupeds, and alfo with the Alligator. T have never
been able to dete& young teeth under the roots of the old
ones; and indeed the fituation in which they are firft formed

Vor. LXXVIL L1l makes
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makes it in fome degree impoffible, if the young teeth follow
the fame rule in growing with the original ones, as they
probably do in moft animals.

If it is true, that the Whale tribe do not fhed their teeth, i
what way are they fupplied with new ones, correfponding in
fize with the increafed fize of the jaw ! It would appear, that
the jaw, as it increafes pofteriorly, decaysat the fymphyfis, and
while the growth is going on, there is a conftant fucceflion of
new teeth, by which means the new-formed teeth are propor-
tioned to the jaw. The fame mode of growth is evident in the
Elephant, and in fome degree in many fith ; but in thefe laft the
abforption of the jaw is from the whole of the outfide along
where the teeth are placed. The depth of the alveoli feems to
prove this, being fhallow at the back part of the jaw, and
becoming deeper towards the middle, where they are the
deepeft, the teeth there having come to the full ize. From
this forwards they are again becoming fhallower, the teeth
being fmaller, the fockets wafting, and at the fymphyfis there
are hardly any fockets at all. ‘This will make the exa&t num-
ber of teeth in any {pecies uncertain. '

Some genera of this tribe have another mode of catching their
food, and retainingit till {wallowed, which is by means of the
fubftance called Whalebone. Of this there are two kinds.
known ; one very large, probably from the largeft Whale yet
difcovered ; the other from a fmaller fpecies.

This whalebone, which is placed on the infide of the
mouth, and attached to the upper jaw, is one of the moft
«ﬁngular circumftances belonging to this {pecies, as they have
Inoft other parts in common with qua&mpcds It is a fubftance,
I believe, peculiar to the Whale, and of the fame oature as
torn, which I fhall ufe as a term to exprefs what confti-

tutes
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tutes hair, nails, claws, feathers, &c. it is wholly compofed
'of animal fubftance, and extremely elaftic*.

Whalebone confifts of thin platesof fome breadth, and in fome
of very confiderable length, their breadth and length in fome de-
gree correfponding to one another; and when longeft they are
commonly the broadeft, but not always fo. (See Tab. XXIL.)
‘Thefe plates are verydifferent in fize in different parts of the fame
mouth, more efpecially in the large Whalebone Whale, whofe
upper jaw does not pafs parallel upon the under, but makesan
arch, the femidiameter of which is about one-fourth of the
length of the jaw. The liead in my pofleffion is nineteen feet
long, the {femidiameter not quite five feet: if this proportion
is preferved, thofe Whales which have whalebone fifteen feet
long muft be of an immenfe fize. : :

Thefe plates are placed in feveral rows, encompaﬁ' ing - the
outer fkirts of the upper jaw, fimilar to teeth in other animals.
They ftand parallel to each other, having .one edge towards
the circumference of the mouth, the other towards the center
or cavity. They are placed near together in the Piked Whale,
not being a quarter of an inch afunder where at the greateft
diftance, yet differing in this refpect in different parts of the
{ame mouth ; but in the great Whale the diftances are more
confiderable.

‘The outer row is compofed of the longeft platess and thefe
are in- proportion to the different diftances between the two
jaws, fome being fourteen or fifteen feet long, and twelve or
fifteen inches bread; but towards the anterior and pofterior
part of the mouth, they-are very fhort: they rife for half a
foot or more, neatly of equal breadths, and afterwards fhelve
off from their inner fide until they come near to a point at the

® From this it muft appear, that the term bone is an impropet one.
L1lz outer ¢
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outer: the exterior of the inner rows are the longeft, cor-
refponding to the termination of the declivity of the cuter, and
become fhorter and fhorter till they hardly rife above the gum.

The iniier rows are clofer thdn the outer, and rife almoft
perpendicularly from the gum, being longitudinally :ﬁi‘aight,
and have lefs of the dechivity than' the outer. The
plates of the outer row’ laterally are:not.  quite flat, but
make a- férpentine line, more efpecially’ in the Piked Whale
the outer edge 1is thicker than tlie inner. .. All round the line
made by their outer edges, runs a fmall whlte bead, which is
formed along with the whalebone, and wears down with it. The
fmaller plates.are nearly of an equal thicknefs upon both edges.
In all of them, the termination is in a kind of hair, as if the
plate was {plit into innumerable {mall parts, the exterior being
the longeft:and ftrongeft.

The two fides of the mouth compofed of thefe rows meet
nearly in & point at the tip of the jaw, and fpread or recede late-
zally from each-other as they pafs back ; and at their pofterior
ends, in the Piked Whale, they make a fweepinwards, and come
very near each other, juft before the opening of the cefopha-
gus, In the Piked Whale there were above three: hundred in
the outer rows on each:fide of the mouth. 'Each layer termi-
nates in an oblique furface, which obliquity inclines to the roof
of the mouth, anfwering to the gradual diminution. of thexr
length ; fo that the whole furface, compofed of thefe termi=
nations, forms one plane rifing gradually from the roof of the
mouth ;. from this obliquity of the edge of the outer row, we
may in fome meafure judge of the extent of the whole bafe,
but not exaltly, as it makes a hellow curve, which increafes

the bafe.
The
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The whole furface refembles the fkin of an animal covered
with ftrong hair, under which furface the tongue muft imme-
diately lie, when the mouth is fhut; it is of a light-brown
colour in the Piked Whale, and is darker in the large
Whale.

In the Piked Whale, when the mouth is fhut, the proje&ing
whalebone remains entirely on the infide of the lower jaw, the
two jaws meeting every where along their furface ; but how this
is effeted in the large Whale I do not certainly know, the hori-
zontal plane made by the lower jaw being ﬁraight, as-in the
Piked Whale ; but the upper jaw being an arch cannot be hid
by the lower. 1 fuppofe, therefore, that a broad upper lip,
meeting as low as the lower jaw, covers the whole of the outer
edges of the exterior rows.

The whalebone is continually wearing down, and renewing
in the fame proportion, except when the animal is growing it
is renewed fafter, and in proportion to the growth.

The formation of the whalebone is extremely curious,
being in one refpect fimilar to that of the hair, horns, fpurs,
&c.; but it has befides another mode of growth and decay,
equally fingular,

Thefe plates form upon a thin vafcular fubftance, not im-
mediately adhering to the jaw-bone; but having a more denfe
fubftance between, which is. alfo vafcular. This fubftance,
which may be called the nidus of the whalebone, fends out
(the above) thin broad procefles, anfwering to each plate, on
which the plate is formed, as the Cock’s fpur or the Bull’s
horn, on the bony core, or a tooth on its pulp; fo that each
plate is neceffarily hollow at its growing end, the firft part of
the growth taking place on the infide of this hollow..

Befides
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Befides this mode of growth, which is common to all fuck
fubftances, it receives additional layers on the outfide, which
are formed upon the above-mentioned vafcular fubftance ex-
tended along the furface of the jaw. ‘This part alfo forms
upon it a femi-horny fubftance between each plate, which is
very white, rifes with the whalebone, and becomes even with

the outer edge of the jaw, and the termination of its outer
part forms the bead above mentioned. ‘This intermediate fub-
ftance fills up the fpaces between the plates as high as the jaw,
a&ts as abutments to -the whalebohie, or ‘is fimilar to the
alveolar procefles ‘of the teeth, keeping them firm in their-
places. (See Tab. XXIIL)

As both the whalebone and intermediate fubftance are con-
ftantly growing, and as we muft {uppofe a determined length
neceflary, a regular mode of decay muft be eftablifhed, not
depending entirely on chanice, or the ufe it is'put to. '

In its growth, three parts appear to be formed; one from
the rifing core, ‘which is the center, a fecond on the outfide,
and a third being the intermediate fubftance. Thefe appear to
have three flages of duration; for that which forms on the
core, | believe, makes the hair, and that on the outfide makes
principally the plate of whalebone ; ‘this, when got a certain
length, breaks off, leaving the hair projecting, becoming at
the ‘termination very brittle; ‘and the third, or intermediate
fubftance, by the time it ‘rifes as high as the edge of the fkin
of the jaw, decays and foftens away like' the old cuticle of the
fole: of the foot when fteeped in water.

The: ufe of the whalebone, 1 fhould believe, is prmcxpally
for the retention of the food 'till fivallowed ; and do fuppofe
the fifh they catch are {fmall, when compared with the fize of
the mouth,

5 : The
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The cefophagus, as in other animals, begins at the fauces,
or poﬁenor part of the mouth; and, although circular at this
part, is foon divided into two paffages by the epiglottis paﬂing
acrofs it, as will be deferibed hereafter. Below its attachment to
the trachea, it paffes down in the pofterior mediaftinum, at
fome diftance from the fpine, to which it is attached by a
broad part of the fame membrane, and its anterior furface
makes the pofterior part of a cavity behind the pericar-
dium.

Paffing through the diaphragm it enters the ftomach, andis
lined with a very thick, foft, and white cuticle, which is con-
tinued into the firft cavity of the ftomach.

The inner, or true coat, is white, of a confiderable denfity,
and not mufcular; but thrown into large longitudinal folds by
the contra&tion of the mufcular fibres of the eefophagus, which
are very ftrong. It is very glandular; for on its inner furface,
efpecially near the fauces, orifices of a vaft number of glands
are vifible. ,

The cefophagus is larger in proportion to the bulk of the
animal than 1 in the quadruped, although not {o much fo as it
ufually is in fith, which we may fuppofe fwallow their food
much in the fame way. In the Piked Whale it - was three
inches and an half wide.

The ftomach, as in other anumals, lies on the left fide of
the body, and terminates in the pylorus towatds the right. .

The duodenum pafles down on the right fide, very much as
in the human fubje&, excepting that it is more expofed from
the colon not croffing it. It lies on the right kidney, and
then paffes to the left fide behind the afcending part of the
colon and root of the mefentery, comes out on the left fide,
and getting.on the edge of the mefentery becomes a Joofe in-

teftine,
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teftine, forming the jejunum. In this courfe behind the mefen-
tery it is expofed, as in moft quadrupeds, not being covered by it,
as in the human. The jejunum and ilium pafs along the edge of
the mefentery downwards to the lower part of the abdomen.
‘The ilium near the*lowea; end makes a turn towards the
right fide, and then mounting upwards, round the edge of
the mefentery, pafles a little way on the right, as high as
the kidney, and there enters thecolon, or cacum. The ce-
cum lies on the lower end of the kidney, confiderably higher
than in the human body, which renders the afcending part of
the colon thort. The -cecum is about feven inches long, and
more like that of the Lion or Seal than of any other animal I
know. | ,

"T'he colon pafles obliquely up the right fide, a little towards
the middle of the abdomen ; and when as high as the ftomach,
croffes to the left, and acquires a broad mefocolon: at this
part it lies upon the left kidney, and in its paflage down gets
more and more to the middle line of the body. When it has
reached the lower part of the abdomen, it pafles behind the
uterus, and along with the vagina, in the female ; between the
two teflicles, and behind the bladder and root of the penis, in
the male, bending dewn to open on what is called the belly
of the animal; and in its whole courfe it is gently convoluted.
In thofe which have no cacum, and therefore can hardly be
{aid to have a colon, the inteftine before its termination in the
re&tum makes the fame kind of {weep round the other intef-
tines, as the colon does where there is a caecum.

The inteftines are not large for the fize of the animal, not be-
ing larger in thofe of eighteen or twenty-four feet long than in
the Horfe, the colon not much more capacious than the jejunum
and ilium, and very fhort; a circumftance common to-carni-

7 vorous



Structure and Oecconomy of Whales: 407
vorous animals. In the Piked Whale, the length ‘from the
ftomach to the cecum is 28 yards and an half, length of ceecum
feven inches, of the colon to the anus two yards and three
quarters. The {mall inteftines are juft five times the length
of the animal, the colon with the cacum a little more than
oone-half the length. ,

Thofe parts that refpe& the nourifhment of this tribe do not
all fo exaltly correfpond as in land animals; for in thefe
one in fome degree leads to the other. Thus the teeth in the
ruminating tribe point out the kind of ftomach, czcum, and
colon; while in others, as the Horfe, Hare, Lion, &c. the
appearances of the teeth only give us the kind of colon and
cecum; but in this tribe, whether teeth or no teeth, the fto-
machs do not vary much, nor does the circumftance of caecum
feem to depend on either teeth or ftomach. The circumitances
by which, from the form of one part we judge what others
are, fail us here; but this may arife from not knowing all the
circumftances. The ftomach, in all that I have examined,
confifts of feveral bags, continued from the firlt on the left
towards the right, where the laft terminates in dtodenum.
The number is not the fame in all ; for in the Porpoife, Gram=~
pus, and Piked Whale, there are five; in the Bottle-nofe
feven. Their fize refpe@ing one another differs very confidera-
bly; fo that the largeft in one fpecies may in another be only
the fecond. The two firft in the Porpoife, Bottle-nofe, and
Piked Whale, are by much the largeft; the others are {maller,
although irregularly fo.

The firft ftomach has, I believe, in all very much thc thape
of an egg, with the fmall end downwards. It is lined every
where with a continuation of the cuticle from the cefophagus. In
the Porpoife the cefophagus enters the fuperior end of the fto-

Vor. LXXVIL Mmm mach.
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mach. In the Piked Whale its entrance is a little way on the
poflerior part of the upper end, and is oblique.

The fecond ftomach in the Piked Whale 1s very large, and
rather longer than the firft. Tt is of the thape of the Italic §,
pafling out from the upper end of the firft on its right fide,
by necarly as large a beginning as the body of the bag. 1In the
Porpoife it by no means bears the fame proportion to the firft,
and opens by a narrower orifice; then pafling down along the
right fide of the firft ftomach, it bends a little outwards at the
Tower end, and terminates in the third. Where this fecond fto-
mach begins, the cuticle of the firft ends. The whole of the in-
fide of this ftomach is thrown into unequal rugae, appearing like
a large irregular honeycomb. In the Piked Whale the ruge
are longitudinal, and in many places very deep, fome of them
beingunited by crofs bands; and in the Porpoife the folds are very
thick, mafly, and indented into one another. This ftomach
opens into the third by a round contra&ed orifice, which does
not feem to be valvular,

The third ftomach i1s by much the {fmalleft, and appears
to be only a paffage between the fecond and fourth. It has ne
peculiar firutture on the infide, but terminates in the fourth
by nearly as large an opening as its beginning. In the Por-
poife it is not above one, and in the Bottle-nofe about five
inches long.

The fourth ftomach is of a confiderable fize; but a good
deal lefs than either the firft or fecond. In the Piked Whale
it is not round, but feems flattened between the fecond and
fifth. In the Porpoife it is long, paffing in a ferpentine courfe
almoit like an inteftine. ‘The internal furface is regular, but
villous, and opens on its right fide into the fifth, by a round
opening {maller than the entrance from the third,

2 The
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“T'he fifth ftomach is in the Piked Whale round, and in the
Porpoife oval ; itis fmall, and terminates in the pylorus, which
has little of a valvular appearance. Its coats are thinner than
thofe of the fourth, having an even inner furface, which is

“commonly tinged with bile.

The Piked Whale and, I believe, the large Whalebone
Whale, have a czcum; but it is wanting in the Porpoife,
Grampus, and Bottle-nofe Whale.

The ftruture of the inner furface of the inteftine is in fome
very fingular, and different from that of the others.

The 1nner furface of the duodenum in the Piked Whale is
thrown into longitudinal ruge, or valves, which are at fome
diftance from each other, and thefe receive lateral folds. The
duodenum in the Bottle-nofe {wells out into a large cavity, and
might almoft be reckoned an eighth ftomach ; but as the gall
dués enter it I thall call it duodenum.

The inner coat of the jejunum, and ilium, appears in irre-
gular folds, which may vary according as the mufcular coat of
the inteftine ats: yet I do not believe, that their form de-
pends intirely on that circumftance, as they run longitudinally,
and take a ferpentine courfe when the gut is thortened by the
contra&tion of the longitudinal mufcular fibres. The inteftinal
canal of the Porpoife has feveral longitudinal folds of the inner
coat paffing along it, through the whole of its length. In the
Bottle-nofe the inner coat, through nearly the whole track of the
inteftine, is thrown into large cells, and thefe again {ubdivided
into fmaller; the axis of which cells is not perpendicular to a
tran{verfe fection of the inteftine, but oblique, forming pouches
with the mouths downwards, and a&ing almofl like vaives,
when any thing is attempted to be pafled in a contrary di-
re@ion : they begin faintly in the duedenurn, before it makes

Mmm » s
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its quick turn, and terminate near the anus. The colen and
re¢tum have the ruge very flat, which feems to depend in-
tirely on the contra&ion of the gut.

The retum near the anus appears, for four or five inches,
much contra&ted, is glandular, covered by a foft cuticle, and
the anus {mall.

I never found any air in the inteftines of this tribe; nor
indeed in any of the aquatic animals.

The mefenteric artery anaftomofes by large branches.

There is a confiderable degree of uniformity in the liver of this.
tribe of animals. In fhapeit nearly refembles the human, but is
not fo thick at the bafe, nor fo tharp at the lower edge, and is.
probably not {o firm in its texture., The right lobe is the largeft
and thickeft, its falciform ligament broad, and there is a large:

fiffure between the two lobes, i1 which the round ligament
pafles. The liver towards the left 1s very much attached
to the ftomach, the little epiploon being a thick fubftance.
There is no gall-bladder; the hepatic duct is large, and cnters.
the duodenum about feven inches beyond the pylorus.

The pancreas is a very long, flat body, having its left end:
attached to the right fide of the firft cavity of the ftomach:
it pafles acrofs the {pine at the root of the mefentery, and neac
to the pylorus joins the hollow curve of the duodenum, along
which it is continued, and adheres to that mteftine, 1ts duct
entering that of the liver near the termination in the gut.

Although this tribe>cannot be faid to ruminate, yet in the
number of ftomachs they come neareft to that order; but here
1 fufpect that the order of digeftion is in fome degree inverted.
In both the ruminants, and this tribe, T think it muft be allowed
that the firft ftomach is a refervoir. In the ruminants the pre-

cife ufe of the fecond and third ftomachs is perhaps not known ;.
but
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but digeftion is certainly carried on in the fourth ; while in this
tribe, I imagine, digeftion is performed in the fecond, and the
ufe of the third and fourth is not exa&tly afcertained.

The cecum and colon do not aflift in pointing out the nature
of the food and mode of digeftion in this tribe. The Porpoife
which has teeth, and four cavities to the {tomach, has no cz-
cum, fimilar to fome land animals, as the Bear, Badger,
Racoon, Ferret, Polecat, &c.; neither has the Bottle-nais 4
czcum which has only two fmall teeth in the lower jaw 3 and
the Piked Whale, which has no teeth, has a cacum, almoft
exally like the Lion, which has teeth and a very different kind
of ftomach. |

The food of the whole of this tribe, I believe, is fiths
probably each may have a particular kind, of which it is
- fondeft, yet does not refufe a variety. In the flomach of the
large Bottie-nofe, I found the beaks of fome hundreds of
Cuttle-fith. In the Grampus I found the tail of a Porpoife ;.
fo that they eat their own geaus.  In the ftomach of the Piked
Whale, I found the bones of different fith, but particularly
thofe of the Dog-fith. From the fize of the cefophagus we
may conclude, that they do not fwallow fith fo large in pro-
portion to their fize as many fith do, that we have rcafon
to believe take their food in the fame way: for fith often at-
tempt to {wallow what is larger than their ftomachs can at one
time contain, and part remains in the cefophagus till the reft is
digefted. ‘. _

‘The epiploon on the whole is a thin membrane; on the
right fide it is rather a thin net-work, though on the left it is a.
complete membrane, and near to the flomach of the fame fide
becomes of a confiderable thicknefs, efpecially between the:

two firft bags of the ftomach. It has little or no fat, except:
what:
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~what flightly covers the veffels in particular parts. It is attached
forwards, all'along’to the lower part of the different bags confti-
tuting the ftomach, and on the right to the root of the mefen-
tery, between the ftomach and tran{verfe arch of the colon, firft
.behind to ‘the tranfverfe arch of the colon and root of the me-
{entery, then to the pofterior furface of the left or firft bag of
‘the ftomach, behind the anterior attachment. In fome of this
‘tribe there is the ufual paffage behind the veflels going to the
liver, common to all quadrupeds I am acquainted with; but in
others, as the fmall Bottle-nofe, there is no fuch paflage,
which by the cavity behind the ftomach in the epiploon-of this
animal becomes a circum{cribed cavity. '

The fpleen is involved in the epiploon, and is very {mall for
the fize of the animal. There are in fome, as the Porpoife,
one or two {mall ones, about the fize of a nutmeg, often {mal-
ler, placed in the epiploon behind the other. Thefe are fome-
times met with likewife in the human body.

The kidnies in the whole of this tribe of animals are con-
glomerated, being made up of {maller parts, which are only
conne&ted by cellular membrane, blood-veflels, and duéts, or
infundibula; but not partially conneéted by continuity of fub-
{tance, as in the human ‘body, the Ox, &c.: every portion is of
a conical figure, whofe apex is placed towards the center of
the kidney, the bafe making the external furface; and each is
compoled of a cortical and tubular fubftance, the tubular ter-
minating in the apex, which apex makes the mamilla. Each
mamilla has an infundibulum, which is long, and at its be-
ginning wide, embracing the bafe of the mamilla, and becom-
ing {maller. Thefe infundibula unite at laft, and form the
ureter. The whole kidney is an oblong flat body, broader
and thicker at the upper end than the lower, and has the

) appearance
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appearance of being made up of different parts placed clofe
together, almoft like the pavement of a ftreet.

The ureter comes out at the lower end, and pafles. along to-

the bladder, which it enters very near the urethra.
- 'The bladder 1s oblong, and {mall for the fize of the animal.
In the female the urethra pafles along to the external fulcus or
vulva, and opens juft under the clitoris, much as in the human.
fubject.

Whether being inhabitants of the water makes fuch a con«
firu&ion of kidney neceflary I cannot fay; yet one muft fup«-
pofe it to have {fome conneltion with fuch fituation, fince we:
find it almoft uniformly take place in animals inhabiting the
water, whether wholly, as this tribe, or occafionally, as the
Manatee, Seal, and White Bear: there is, however, the fame
ftruture in. the Black Bear, which, I believe, never inhabits:
the water. This, perhaps, thould be confidered in another
light, as nature keeping up to. a certain  uniformity in the-
ftru&ure of fimilar animals ;. for the Black Bear in conftrutica
of parts s, in every other refpet as well as this, like the-
White Bear.

The capfule renales. are {mall for the. fize of the animal,
when compared to the human, as indeed they are in moft ani-
mals. They are flat, and of an oval figure ;. the right lies on
the lower and pofterior part of the diaphragm fomewhat higher
than the kidney ; the left is fituated lower down, by the fide
of the aorta, between it and the left kidney. They are com-
pofed of two fubftances; the external having the dire€tion of-
its fibres or parts towards the center; the internal feeming more -
uniform, and not having fo much of the fibrous appearance.

The blood of animals of this order is, I believe, fimilar t6-
that of quadrupeds ;. but I have an idea, that the red globules

are.
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are in larger proportion. I will not pretend to determine how far
this may aflift in keeping up the animal heat; but as thefe ani-
mals may be faid to live in a very cold climate or atmofphere,
and fuch as readily carries off heat from the body, they may
want fome help of this kind.

It is certain that the quantity of blood in this tribe and in
the Seal is comparatively larger than in the quadruped, and
therefore probably amounts to more than that of any other
known animal.

This tribe differs from fith in having the red blood carried
to the extreme parts of the body, fimilar to the quadruped.

The cavity of the thorax is compofed of nearly the {ame
parts as in the quadruped: but there appears to be fome dif~
ference, and the varicties in the different genera are greater,

The general cavity is divided into two, as in the quadruped,
by the heart and mediaftinum.

The heart in this tribe, and in the Seal, is probably larger
in proportion to their fize than in the quadruped, as alfo the
blood-veflels, more efpecially the veins.

The heart is inclofed in its pencardlum, which is attached by
a broad furface to the diaphragm, as in the human body, It is
compofed of four cavities ¥, two auricles, and two ventricles :
it is more flat than in the quadruped, and adapted to the fhape
of the cheft. The auricles have more fafcicule, and thefe
pafs more acrofs the cavity from fide to fide than in many other
animals ; befides, being very mufcular, they are very elaftic,

* As the circulation is a permanent part of the conflitution refpecting the
clafs to which the animal belongs, and as the kind of heart correfponds with the
circulation, thefe thould be confidered in the clafling of animals. Thus we have
animals whofe hearts have only one cavity, others with two, three, and four
savities.

7 for
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for being ftretched they contra again very confiderably. There
is nothing uncommon or particular in the firucture of the ven-
tricles, in the valves of the ventricles, or in that of the arteries.

The general ftrufture of the arteries refembles that of other
animals ; and where parts are nearly fimilar, the diftribution 1s
likewife fimilar. The aorta forms its ufual curve, and fends
off the carotid and fubclavian arteries.

Animals of this tribe, as has been obferved, have a greater
proportion of blood than any other known, and there are many
arteries apparently intended as refervoirs, where alarger quantity
of arterial blood feemed to be required in a part, and vafcularity
could not be the only object. Thus we find, that the intercoftal
arteries divide into a vaft number of branches, which runin a
ferpentine courfe between the pleura, ribs, and their mufcles,
making a thick fubftance fomewhat {imilar to that formed by the
{permatick artery in the Bull. Thofe veflels, every where lining
the fides of the thorax, pafsin between the ribs near their arti-
culation, and alfo behind the ligamentous attachment of the ribs,
and anaftomofe with each other. ‘The medulla fpinalis is {ur-
rounded with a net-work of arteries in the fame manner, more
efpecially where it comes out from the brain, where a thick {ub-
ftance is formed by their ramifications and convolutions; and
thefe vefiels moft probably anaftomofe with thofe of the thorax.

The fubclavian artery in the Piked Whale, before it pafles
over the firft rib, fends down into the cheft arteries which
affit in forming the plexus on the infide of the ribs; I am not
certain but the internal mammary arteries contribute to form
the anterior part of this plexus. The motion of the blood in
fuch muft be very flow; the ufe of which we do not readily fee.
The defcending aorta fends off the intercoftals, which are very
large, and give branches to this plexus; and when it has reached
the abdomen, it fends off; as in the quadruped, the different

Vor. LXXVIL Nnn ~ branches
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branches to the vifcera, and the lumbar arteries, which are likee
wife very large for the fupply of that vaft mafs of mufcles
which moves the tail.

In our examination of particular parts, the {ize of which is
generally regulated by that of the whole animal, if we have only
been accuftomed to fee them in thofe which are finall or middle-
fized, we behold them with aftonithment in animals {o far
~exceeding the common bulk as the Whale. Thus the heart
and aorta of the Spermaceti Whale appeared prodigious, being
too large to be contained in a wide tub, the aorta mea-
furing a foot in diameter. When we confider thefe as applied
to the circulation, and figure to ourfelves, that probably ten
or fifteen gallons of blood are thrown out at one ftroke, and
moved with an immenfe velocity through a tube of a foot dia-
meter, the whole idea fills the mind with wonder. »

The veins; 1 believe, have nothing particular in their ftruc-
ture, excepting in parts requiring a peculiarity, as in the folds
of the fkin on the breaft in the Piked Whale, where their elafti-
city was to be mncreafed.

Of the Larynx.

The larynx in moft animals living on land is a compound
organ, adapted both for refpiration, deglutition, and found, which
.laf’c is produced in the ations of refpiration ; but in this tribe
the larynx, I {uppofe, is only adapted to refpiration, as we do
know that they have any mode of producing found.

It is compofed of os hyoides, thyroid, cricoid, and two ary-
tenaid cartilages, with the epiglottis. It varies very much in.
ftruture and fize, when compared in animals of different
genera. Thefe cartilages were much fmaller in the Bottle-
nofe of twenty-four feet long, than in the Piked Whale of
{eventeen feet, while the os hyoides was much larger.

In
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In the Bottle-nofe, the os hyoides is compofed . of three
bones, befides two whofe ends are attached to it, being placed
above the os hyoides, making fiveinall. In the Porpoife, Piked
Whale, &c. it is but one bone, flightly bent, having a broad
thin procefs paffing up, which is a little forked: it has no
attachment to the head by means of other boncs, as in many
quadrupeds.

The thyroid cartilage in the Piked Whale is broad from fide
to fide, but not from the upper to the lower part: it has two
lateral procefles, which are long, and pafs down the outfide of
the cricoid, near to its lower end, and are joined to it much as
in the human fubje. Thefe differ in fhape in different ani-
mals of this tribe. | ‘ ‘

The cricoid cartilage is broad and flat, making the pofterior
and lateral part of the larynx, and is much deeper behind, and
laterally, than before. It is extremely thick and ftrong, flat-
tened on the pofterior furface, and hollowed from the upper
edge to the lower. It terminates by a thick edge on the pofte-
rior part above, but irregularly at the lower edge, in the carti-
lages of the larynx.

The two arytenoid caxtllages are extremely proje&ing, and
united to each other till near theirends ; are articulated on the
upper edge of the cricoid, but fend down a procefs, which
pafles on the infide of the cricoid, being attached to a bag in the
Piked Whale, which is formed below the thyroid and before the
cricoid cartilages ; they crofs the cavity of the larynx obliquely,
making the paffage, at the upper part, a groove between them :
the cavity at this place {wells out laterally, but is very narrow
between the ariterior and pofterior furfaces. The paflage above
between the arytenoid and thyroid cartilages is wide from fide
to fide, and is continued down on the outfide of the procefles of

Nnnz the
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the arytenoid cartilage, as well as between them, ending below
the thyroid, which is folliculated on its inner furface on the
fore part of the cricoid cartilage.

Theepiglottis makes a third part of the paffage, and compleats
the glottis by forming it into a canal, in feveral of this trite;
but in the Piked Whale it was not attached to the two arytenoid
cartilages, but only in conta&, or inclofing them at their-bafe,
fo as to make them form a complete canal.

T could not obferve any thing like a thyroid gland.

From the glottis and epiglottis being fo connected as to make
but one canal, and from the thyroid and cricoid cartilages
being fo flattened in fome between the anterior and pofterior
{urface, the paflage through thefe parts is very fmall or con-
tralted ; but the trachea {wells out again into a very confidera-
ble fize. Its larger branches are in proportion to the trunk,
and enter the lungs at the upper end along with the blood-
veffels.

Of the Lungs.

The lungs are two oblong bodies, one on each fide of the
cheft, and are not divided into {maller lobes, as in the human
fubje&. They are of confiderable length, but not fo deep
between the fore and back part, as in the quadruped, from the
heart being broad, flat, and of itfelf filling up the fore part of
the cheft. They pafs further down on the back part thanin the
quadruped, by which their fize is increafed, and rife higher up
in the cheft than the entrance of the veffels, coming to a point
at the upper end. From the entrance of the veffels they are
connetted downwards, along their whole inner edge, by a ftrong
attachment (in. which there are in fome lymphatic glands) to

3 the
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the pofterior mediaftinum. = The lungs are extremely elaftic in
their fubftance, even fo much {o as to fqueeze out any air that
may be thrown into them, and to become almoft at once a
folid mafs, having a good deal the appearance, confiftence, and
feel of an ox’s fpleen. The branches of the bronchiz which
ramify into the lungs have not the cartilages flat, but rather
rounded; a conftrution which admits of greater motion be-
tween cach.

The pulmonary cells are fmaller than in quadrupeds, which
may make lefs air neceflary, and they communicate with each
other, which thofe of the quadruped do not; for by blowing
into one branch. of the trachea, not only the part to which it
immediately goes, but the whole lungs are filled.

As the ribs in this tribe do not completely make the cavity
of the thorax, the diaphragm has not the fame attachments as
in the quadruped, but is conneéted forwards to the abdominak
mufcles, which are very ftrong, being-a mixture of mufcular
and tendinous fibres.

The pofition of the diaphragm is lefs tranfverfe than in the
quadruped, paffing more obliquely backwards, and coming very
low on the fpine, and higher up before ; which makes the cheft
longeft in the direGtion of the animal at the back, and gives.

room for the lungs to be continued along the fpine.

 The parts immediately concerned in infpiration are extremely
ftrong; the diaphragm remarkably fo. The reafon of this
muft at once appear; it neceffarily requiring great force to ex~
pand in a denfe medium like water, efpecially too when the
vacuity is-to be filled with one which is rarer, and 1s to water a
{pecies of vacuum, the preffure being much greater on the
external furface than the counter-preflure from within, But:
expiration on the other hand ruft be much more eafily per-

formed ;.
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formed; the natural elafticity of the parts themfelves, with
the preflure of the water on the external {urface of the body,
being greater than the refiftance of the air from within, will
both tend to produce expiration without any immediate a&tion
of mufcles. /

The diaphragm, in thefe animals, appears to be the principal
agent in infpiration ; and the cavity of the thorax not being in-
tirely furrounded by bony parts, is of courfe lefs eafily expandcd,
and the apparatus for its expanfion in all diretions, as in the
quadruped, does not exift here.

The Blow-hole, or Pajffage for the Air.

As the nofe in every animal that breathes air is a common
paflage for the air, and is alfo the organ of fmelling; I thall
defcribe it in this tribe as inftrumental to both thefe purpofes.

There is a variety in {fome {pecies of this animal whichis, T
believe, peculiar tothis order; that is, the want of the fenfe of
finelling ; none of thofe which I have yet examined having
that fenfe, except the two kinds of Whalebone Whale : fuch of
courfe have neither the olfa&ory nerves, nor the organ; there-
fore, in them, the noftrils are intended merely for refplration H
but others have the organ placed in this paflage as in other
animals.

The membranous portion of the pofterior noftrils is one canal 5
but when in the bony part, in moft of them, it is divided
into twos; the Spermaceti Whale, however, 1s an exception.
In thofe which have it divided, it is in fome continued double
through the anterior foft parts, opening by two orifices, as in
the Piked Whale ; but in others, it unites again in the mem-
branous part, makmg externally only one -orifice, as in the

7 Porpoife,
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Porpoife, Grampus, and Bottle-nofe. At its beginning in the
fauces, it is a roundith hole, furrounded by a ftrong, {phincter
mufcle, for grafping the epiglottis; beyond this, the canal
becomes larger, and opens into the two paflages in the bones
of the head. 'This part is very glandular, being full of fol-
licles, whofe du@s ramify in the furrounding fubftance, which
appears fatty and mufcular like the root of the tongue, and
thefe ramifications communicate with one another, and contain
“a vifceid flime,

In the Spermaceti Whale, which has a fingle canal, it is
thrown a little to the left fide. After thefe canals emerge
from the bones near the external opening, they become
irregular, and have feveral fulci paffing out laterally, of
irregular forms, with correfponding eminences. The ftruc-
ture of thefe eminences is mufcular and fatty, but lefs muf~
cular than the tongue of a quadruped.

- In the Porpoife there are two f{ulci on each fide; two large
and two fmall, with correfponding eminences of different
fhapes, the large ones being thrown into folds. The Spermaceti
Whale has the leaft of this ftructure; the external opening in
it comes farther forwards towards the anterior part of the head,
and is confequently longer than in others of this order. Near
to its opening externally, it forms a large fulcus, and on
each fide of this canal is a cartilage, which runs nearly its
whole length. 1In all that I have examined, this canal, for-
wards from the bones, is intirely lined with a thick cuticle of
a dark colour. , v

In thofe which have only one external opening, it is tranf-
verfe, as in the Porpoife, Grampus, Bottle-nofe and Sperma-
ceti Whale, &c.; where double, they are longitudinal, as in
the Piked Whale, and the large Whalebone Whale. Thefe

openings
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openings form a pafﬁge for the air in refpiration to and from
the lungs ; for it would be impoffible for thefe animals to
breathe air through the mouth ; indeed, I believe, the human
ipecies alone breathe by the mouth, and in them it is moftly
from habit; for in ‘quadrupeds the epiglottis condu&s the
air into the nofe.

In the whole of this tribe, the fituation of the opening on
the upper furface of the head is well adapted for this purpofe,
being the firft part that comes to the furface of the water in
the natural progreffive motion of the animal; therefore itis to
be confidered principally as a refpiratory organ, and where it
contains the organ of {mell, that is only fecondary.

As the animals of this order do not live in the medium which
they infpire, the organs conducing the air to the lungs are in
fome fort particularly conftru&ed, that the water in which
they live may not interfere with the air they breathe.

The projetting glottis, which has been defcribed, paffes into
_ the pofterior noftrils, by which means it croffes the fauces, di-
viding them into two paffages. The enlargement at the termi-
nation of the glottis, obferved in fome of them, would feem
to be intended to prevent its retra&ion ; but, as it feems con-
fined to the Porpoife and Grampus, it may, perhaps, in them
anfwer fome other purpofe.

"The beginning of the pofterior noftrils, which anfwers to the
palatum molle in the quadruped, havinga fphinéer, the glot-
tis is grafped by it, which renders its fituatien ftill more fecure,
and the paffages through the head, acrofs the fauces and along the
trachea, are rendered one continued canal; this union of glottis
and epiglottis with the pofterior noftril, making only a kind of
joint, admits of motion, and of dilatation and contraltion of the
fauces, in deglutition, from the epiglottis moving more in or
out of the pofterior noftril. :

This
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This conftru&ion of parts anfwers a purpofe fimilar to that
of the epiglottis in the quadruped ; it may be confidered as the
epiglottis and the arytenoid cartilages joining, to make a
tubular or cylindrical epiglottis, inftead of a valvular one.

The reafons why there thould be {o peculiar a conftru&tion of
parts do not at firft appear; but we certainly fee by it an
abfolute guard placed upon the lungs, that no water thould get
into them.

This tribe being without the proje@ting tongue of the qua-
druped, and wanting its extenfive motion, and the power
of fucking things into the mouth, may probably require
the conftruction between the air and lungs to be more perfet 5
but how far it is fo, I will not pretend to fay.

The fize of -the Brain differs much in different genera of this
tribe, and likewife in the proportion it bears to the bulk of
the animal. In the Porpoife, I believe, it is largeft, and
perhaps in that refpe&t comes neareft to the human.

The fize of the cerebellum in proportion to that of the cere-
brum is {fmaller in the human fubject than in dny animal with
which I am acquainted. In many quadrupeds, as the Horfe,
Cow, &c. the difproportion in fize between cerebellum and
cerebrum is not great, and in this tribe it is ftill lefs ; yet not
fo fmall as in the bird, &c.

'The whole brain' in this tribe is compaét, the anterior
part of the cerebrum not projecting fo far forwards as in either
the quadruped or in the human fubjeét; neitheris the medulla
oblongata fo prominent, but flat, lying in a kind of hollow
made by the two lobes of the cerebellum.

The brain is compofed of cortical and medullary fubftances,
very diftin&ly marked; the cortical being, in colour, like the
tubular fubftance of a kidney; the medullary, very white.

Vor. LXXVII Qoo Thefe.
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Thefe fubftances are nearly in the {ame proportion asin the
human brain. ~ The two lateral ventricles .are large, and in
thofe that have olfaCory ncrves are not continued into them
as in many quadrupeds ; nor do they wind fo much outwards
as in the human {ubje®, but pafs clofe round the pofterior
ends of the thalami nervorum opticorum. The thalami them-
felves are large; the corpora ftriata {mall; the crura of the
fornix are continued along the windings of the ventricles, much
as in the human fubje&. The plexus choroides 1s attached to
a ftrong membrane, which covers the thalami nervorum opti-
corum, and pafles through the whole courfe of the ventricle,
much as in the human fubjeét. ‘

- The {ubftance of the brain is more vifibly fibrous than I
ever faw it in any other animal, the fibres pafling from the ven-
tricles as from a center to the circumference, which fibrous
texture is alfo continued through the cortical fubftance. The
whole brain in the Piked Whale weighed four pounds ten
ounces.

The nerves going out from the brain, I believe, are fimilar
to thofe of the quadruped, except in the want of the olfattory
nerves in the genus of the Porpoife.

The medulla fpinalis is much {maller in proportion to the
fize of the body than in the human fpecies, but ftill bears fome
proportion to the quantity of brain; for in the Porpoife, where
the brain is largeft, the medulla fpinalis is largeft ; yet this did
not hold good in the Spermaceti Whale, the fize of the me-
dulla fpinalis appearing to be proportionally larger than the
brain, which was fmall when compared to the fize of the
animal. It has a cortical part in the center, and terminates
about the twenty-fifth vertebra, beyond which is the cauda
equina, the dura mater going no lower. The nerves which go

2 off
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off from the medulla fpinalis are more uniform in fize than in
the quadruped, there being no fuch inequality of parts, nor
any extremities to be fupplied, except the fins.

The medulla {pinalis is more fibrous in its firucture than in
other animals ; and when an attempt is made to break it longi-
tudinally, it tears with a fibrous appearance, but tranfverfely
it breaks irregularly.

"The dura mater lines the fkull, and forms in {fome the three
procefles anfwerable to the divifions of the brain, asin the hu-
man fubjeét; butin others, this is bone. Where it covers the
medulla {pinalis, it differs from all the quadrupeds I am ac-
quainted with, inclofing the medulla clofély, and the nerves
immediately pafling out through it at the lower part, as they
do at the upper, fo that the cauda equina, as it forms, is on
the outfide of the dura mater,

As the Organs of Senfe are varioufly formed in different ani-
mals, fitted for the various modes of impreffion; and as the
modes are either increafed or varied, according to circumitances
which make no part of the fenfe itfelf, but which are necef-
fary for the ceconcmy of the animal, we find the fenfes in this
tribe varied in their conftrucion, and in fome a fenfe 1is even
wholly wanting.

The organs of fenfe, which appear to be adapted to every
mode of life, are thofe of touch and tafte; but thofe of {mell,
fight, and hearing, probably require to be varied according to
circumftances. Thus {mell may be increafed by a mode of
impregnation, hearing by the vibration of different mediums,
and fight by the different powers of refration of different me-
diums; therefore, as animals are intended by nature to be dif-
ferently circumftanced, fo are the fenfes formed.

Ooo2 of
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Of the Senfe of Touch.

The cutis in this tribe appears, in general, particularly well
calculated for fenfation ; the whole furface being covered with
villi, which are fo many veflels, and we muft fuppofe, nerves.
Whether this ftruéture is only neceffary for acute fenfation, or
whether it is neceflary for common fenfation, where the cuticle
is thick, and confifting of many layers, I do not know. We may
obferve, that where it is neceflary the fenfe of touch fhould be
accurate, the villi are ufually thick and long, which probably
is neceffary, becaufe in moft parts of the body, where the more
acute fenfations of touch are required, fuch parts are covered
by a thick cuticle. Of this the ends of our fingers, toes, and
the foot of the hoofed animals, are remarkable examples.

Whether this fenfe is more acute in water, I am not certain,
but thould 1magine it is.

Of the Senfe of Tafie.

The tongue, which is the organ of tafte, is alfo endowed
with the fenfe of touch. It is likewife to be confidered, in
the greateft number of animals, as an inftrument for mecha-
" nical purpofes ; but probably lefs {o in this tribe than any other.
However, even in thefe, it muft have been formed with this
view, fince, merely as an organ of tafte, it would only have re-
quired furface, yet is a projecting body endowed with motion.
In fome, it is better adapted for motion than in others; and I
thould fuppofe this to be requifite, on account of the difference
in the mode of catching the food, and in the a& of f{wallowing.
Tt is moft projeting in thofe with tecth, probably for the better

' conducting
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condudting the food, flep by ftep, to tiic cfophagus; whereas,
it does not feem fo neceflary to have fuch management of the
tongue in thofe which have no teeth, and catch their food by
merely opening the mouth, and {wimming upon it, or by
having their prey carried in by the water. In the Porpoife and
Grampus it is firm in texture, compofed of muicle and fat,
being pointed and ferrated on its edges, like that of the Hog.

In the Spermaceti Whale the tongue was almoft like a feather-
bed. In the Piked Whale it was but gently raifed, hardly having
any lateral edges, and its tip projecting but little, yet, like
every other tongue, compofed of mufcle and fat. ‘The extent
between the two jaw bones in this Whale was very confidera«
ble, taking in the whole width of the head or upper jaw, and
of courfe including the whalebone. This extent of furface,
between jaw and jaw, having but little projeGtion of tongue,
is almoft flat from fide to fide, is extremely elaftic when con-
tratted, and throws the inner membrane into a vaft number of
very fmall folds, that run parallel to one another, but which
are again thrown into a clofe ferpentine courfe by the elafticity
of the part in a contrary diretion. From the tongue being
capable of but little motion, there is only a fmall mafs of
mufcle required ; and from the thinnefs of the jaw bones, the
diftance between the lower furface of the mouth and external
furface of the fkin is but {fmall; and this fkin being ribbed, and
very elaftic, is capable of confiderable diftention, by which the
cavity of the mouth can be enlarged.

The tongue of the large Whalebone Whale, I fhould fup-
pofe, rofe in the mouth confiderably ; the two jaws at the
middle being kept at fuch a diftance on account of the whale-
bone, fo that the {pace between, when the mouth is thut, muft
be filled up by the tongue.

p by g() of
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Of the Senfe of Smelling.

In this tribe of animals thete is fomething very remarkable
in what relates to the fenfe of {melling ; nor have I been able
to difcover the particular mode by which it is performed.

When we confider thefe animals as quadrupeds, and only
conftruéted differently in external form for progreflive mo:
tion through water, we muft fee that it was neceffary that all
the fenfes thould correfpond with this medium: we muft
therefore be at a lofs to conceive how they fmell, fince we may
obferve, that the organ for {melling water, as in fith, is very
different from that formed to {mell air; and as we muft fuppofe
this tribe are only to {mell water, being the medium in which
fuch odoriferous particles can be diffufed, we fhould expeét
their organ to be fimilar to that of fith; but in that cafe nature
would have been obliged to have attached the nofe of a fith to
an animal conftructed like a quadruped ; and it is contrary to
the laws which are eftablithed in the animal creation to mix
parts of different animals together.

In many of this tribe there is no organ of {mell at all ; and in
thofe which have fuch an organ, it is not thatof a fith, therefore
probably not calculated to {fmell water. It becomesdifficult, there-
fore, to account for the manner in which fuch animals {mell the
water; and why the others thould not have had fuch an organ *,

¥ Is the mode of fmelling in fith fimilar to tafting in other animals? Or is the
air contained in the water impregnated with the odoriferous parts, and this air
the fifh fmells? If fo, it is fomewhat fimilar to the breathing of fifh, it not
being the water which produces the effe&t there, but the air contained in it,

This I proved by experiments, and is mentioned by Dr. PriEsrLEY,
which,
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which, 1 believe, is peculiar to the large and {mall Whale-
bone Whiales.

Although it is not the external air which they infpire that
produces fmell, I believe it is the air retained in the noftril
out of the current of refpiration, which by being impregnated
with the odoriferous particles contained in the water during the
a& of blowing, is applied to the organ of fmell. It might be
fuppofed, that they could fmell the air on the furface of the
water by every infpiration, as animals do on land; and pro-
bably they may: but this will not give them the power to
fmell the odoriferous particles of their prey in the water at any
depth ; and as their organ is not fitted to be affected by the ap-
plication of water, and as they cannot fuck water into'the noftril,
without the danger of its paffing into the lungs, it cannot
be by its application to this organ that they are enabled to {mell.

Some have the power of throwing the water from the mouth
through the noftril, and with fuch force as to raife it thirty
feet high: this muft an{wer fome important purpofe,. although-
not immediately evident to us.

As the organ appears to be formed to {mell air only, and-as:
I.conceive the fmelling of the external air could not be of ufe
as a fenfe, 1 therefore believe, that they do not fmell in infpi-
ration ;. yet let us confider how they may be {uppofed to {fmell-
the odoriferous particles of the water.

The organ of {mell is out of the direct road of the current
of air in infpiration; it is alfo out of the current of water
when they fpout; may we not fuppofe then, that this finus
contains air, and as the water pafles in the a& of throwing it
out, that it impregnates this refervoir of air, which imme-
diately affefts the fenfe of {fmell. This operation is probably,
performed in the time of expiration, becaufe it is faid that this

wategs
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water is fometimes very offenfive; but all this I only give as
conjecture.

If the above folution is juft, then only thofe which have the
organ of fmell can {pout, a fa& worthy of enquiry.

The organ of {mell would appear to be lefs neceflary in thefe
animals than in thofe which live in air, fince fome are wholly
deprived of it; and the organ in thofe which have it is ex-
tremely {mall, when compared with that of other animals, as
well as the nerve which is to receive the impreflion, as was
obferved above.

Of the Senfe of Hearing.

The ear is conftru¢ted much upon the fame principle as in the
quadruped ; but as it differs in feveral refpedts, which it is ne-
ceflary to pdrticularife, to convey a perfect idea of it the whole
Thould be defcribed. As this would exceed the limits of this Pa-
per, I fhall content myfelf with a general defcription, taking
notice of thofe material points in which it differs from that of
the quadruped. -

This organ confifts of the fame parts as in the quadruped ;
an external opening, with a membrana tympani, an Eufta-
chian tube, a tympanum with its procefles, and the fmall
bones. There is no external proje&tion forming a funnel, but
merely an external opening. We can eafily affign a reafon
‘why there thould be no proje&ting ear, as i1t would interfere
with progreflive motion ; but the reafon why it is not formed
as in birds, is not fo evident; whether the percuffions of wa-
ter could be colleted into one point as air, I cannot fay. The
tympanum is conftructed with irregularities, fo much like
thofe of an external ear, that I could fuppofe it to have a fimi-
lar effect. \ :
| The
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The external opening begins by a fmall hole, fcarcely percep-
tible, fituated on the fide of the head a little behind the eye. It is
much longer than in other animals, in confequence of the fize of
the head being {0 much increafed beyond the cavity that contains
the brain. It pafes in a ferpentine courfe, at firft horizontally,
then downwards, and afterwards horizontally again, to the mem-
brana tympani, where it terminates. In itswhole length it is com-
pofed of different cartilages, which are irregular and united toge-
ther by cellular membrane, fo as to admit of motion, and probably:
of lengthening or fhortening, as the animal is more or lefs fat.

'The bony part of the organ is not fo much inclofed in, the
bones of the fkull as in the quadruped, confifting commonly
of a diftin& bone or bones, clofely attached to the kull, but
in general readily to be feparated from it; yet in fome it {ends
off, from the pofterior part, procefles which unite with the fkull.
It varies'in its thape, and is compofed of the immediate organ
aud the tympanum. “

- The immediate organ is, In pomt of fituation to that of the
tympanum, fuperior and internal, as in the quadruped. The
tympanum is open at the anterior end, Where the Euftachian
tube begius.

‘The Euftachian tube opens on the outﬁde of the upper part
of the fauces: in fome higher in the nofe than others;
higheft, T believe, in the Porpoife. From the cavity of the
_ tympanum, where it is rather largeft, it pafles forwards and
inwards, and near its termination appears very much fafcicu-
~ lated, as if glandular. _

- The Euftachian tube and tympa'lum communicate with feve-
ral ﬁnufes, which pafling in various dire®ions furround the
bone of the ear._ Some of the,fe are cellular, fimilar to the
cells of the maftoid procefs in the human f{object, ﬂ‘though
not bony. There is a portion of this cellular ftruCture of a

Vor. LXXVII. Ppp parti-
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particular kind, being white, ligamentous, and each part rather
rounded than having flat fides®*. One of the finufes paffing
out of the tympanum clofc to the membrana tympani, goes a
little way in the fame dire€tion, and communicates with a
number of cells.

The whole fun&ion of the Euftachian tube is perhaps not
known; but it is evidently a du&t from the cavity of the ear,
or a paffage for the mucus of thefe parts ; the external opening
having a particular form would incline us to believe, that fome-
thing was conveyed to the tympanum. ,

The bony part of the organ is very hard and brittle, ren-
dering it even difficult to be cut with a faw, without its chip-
ping into pieces. ‘That part which contains the immediate or-
gan is by much the hardeft, and has a very {mall portion of
animal {ubftance in it; for when fteeped in an acid, what re-
mains is very foft, almoft like a jelly, and laminated. The
bone is not only harder in its fubftance, but there is on the:
whole more folid bone than in the correfponding parts of qua-
drupeds, it being thick and mafly. ’

The part containing the tympanum is a thin bone, coiled:
upon itfelf, attached by oneend to the portion which contains
the organ; and this attachment in fome is by clofe contac
only, as in the Narwhale; in others, the bones run into one
another, as in the Bottle-nofe and Piked Whales,

The concave fide of the tympanum: is turned towards the
organ, its two edges being clofe to. it; the outer is irregular,
and in many only in conta&, as in the Porpoife: while in

* Thefe. communications with. the Euftachian tube may. be compared to a largs
bag on the bafes of the fkull of the Horfe and Afs, which is a lateral fwell of
‘the membranous part of the tube, and when diftended will contain nearly a
quart,

others
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others the union is by bony continuity, as in the Bottle-nofe
Whale, leaving a paffage on which the membrana tympani
is ftretched, and another opening, which is the communica-
tion with the finufes. .

The furface of the bone containing the immediate organ op-
pofite to the mouth of the tympanum is very irregular, having a
number of eminences and cavitics. The cavity of the tym-
panum is lined with a membrane, which alfo covers the {mall
bones with their mufcles, and appears to have a thin cuticle.
‘This membrane renders the bones, mufcles, tendons, &c.
very obfcure, which are feen diftintly when that is removed.
It appears to be a continuation of the periofteum, and the
only uniting fubftance between the fmall bones. Befides
the general lining, there is a plexus of veflels, which is
thin and rather broad, and attached by one edge, the reft being
loofe in the cavity of the tympanum, fomewhat like the plexus

“choroides in the ventricles of the brain. The cavity, we may
fuppofe, intended to increafe found, probably by the vibration
of the bone ; and from its particular formation we can eafily con-
ceive, that the vibrations are conduted, or refleted, towards
the immediate organ, it being in fome degree a {ubftitute for
the external ear.

"The external opening being {maller than in any animals of
the fame fize, the membrana tympani is nearly in the fame
proportion. In the Bottle-nofe Whale, the Grampus, and
Porpoife, it is fmooth and concave externally, but of a parti-
cular conftru&ion on the inner furface; for a tendinous pro-
cefs pafles from it towards the malleus, converging as it pro-
ceeds from the membrane, and becoming thinner till its infertion
into that bone. I could not difcover whether it had any muf-
cular fibres which could affe& the a&tion of the malleus. In

' Ppp2 the
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the Piked Whale, the termination of the external opening,
inftead of being {mooth and concave, is projeting, and re-
turns back into the meatus for above an inch in length, is
firm in texture, with thick coats, is hollow on its infide, and
its mouth communicating with the tympanum; one fide being
fixed to the malleus, fimilar to the tendinous procefs which
goes from the infide of the membrana tympani in the others.

A little way within the membrana tympani, are placed the
fnall bones, which are three in number, as in the quadruped,
Maileus, Incus, and Stapes ; butin the Bottle-nofe Whale there
is a fourth, placed on the tendon of the Stapedzeus mufcle.
Thefe bones are as it were fufpended between the bone of the
tympanum, and that of the immediate orgm

The malleus has two attachments, befides that with the in-
cus; one clofe to the bone of the tym!ﬁxluxn, which, in the
Porpoife, is only by contat, but in others by a- bony union ;
the other attachment is’ formed by the tendon, above ‘defcribed,
being uniced to the inner furface of thé membrana tympani,
Its bafe articulates with the incus.

The incus is attached by a fmall procefs to the tympanum,
and is fufpended between the malleus and ftapes. The procefs
by which it articulates with the ftapes is bent towards that

The ftapes ftands on the veftibulum, by a broad oval bafe.
In many of this tribe, the opening from fide to fide of the
ftapes 1s {o fmall as hardly to give the idea of a ftirrup.

The mufcles which move thefe bones are two in number,
and tolerably firong. One arifes from that projedting part of
the tympanum which goes to form the Euftachian tube, and
running backwards is inferted into-a {mall depreffion on the
anterior part of the malleus, ‘The ufe of this muicle feems to

5 be



Structure and Oeconomy of Whales. 435

be to tighten the membrana tympani; but in thofe which have
the malleus anchylofed with the tympanum, we can hardly
conjeure its ufe. The other has its origin from the inner
furface’ of the tympanum, and pafling backwards is inferted
into the ftapes by a tendon, in which I found a bone in the
large Bottle-nofe. This muicle gives the flapes a lateral mo-
tion. What particular ufe in hearing may be produced by
the a&ion of thefe mufcles, I will not pretend to fay; but we
muft fuppofe, whatever motion is given to the bones muft
terminate in the movement of the ftapes. '

The immediate organ of hearing is contained in a round,
bony procefs, and confifts of the Cochlea and Semicircular
Canals, which fomewhat refemble the quadruped ‘but, befides
the two {piral turns of the cochlea, there 1s a third, which
makes a ridge within that continued from the foramen rotun-
‘dum, and follows the turns of the canal. N

The cochlea 1s much l'uger, when compared with the femi-
circular canals, than in the huoman fpecies and quadruped.

W e may reckon two paffages into the immediate organ of hear-
ing, the foramen rotundum, and foramen ovale. They are at a
greater diftance than in the quadruped. The foramen rotundum
s placed much more on the outer furface of the bone, and not
in the cavity of the bony tympanum; but may be faid to com-
municate with the furrounding cellular part of the tympanum.-
The foramen rotundum, which is the beginning of one of
thefe turns, appears to be only one end of a tranfverfe
groove, which is afterwards clofed in the middle, forming a
~ canal ‘with the two ends open; fo that this foramen appears
to have two beginnings; but the other opening is probably

only a paflage for blood-veflels going to the cochlea..
From
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From this foramen begins the inner turn of the cochlea,
which is the largeft, efpecially at its beginning; the other
begins from the veftibulum. Thecochlea is a {piral canal coiled
within itfelf, and divided into two by a thin {piral bony plate,
which is compleated in the recent fubjet, and forms two per-
fect canals. ,

In the recent fubjet, the foramen rotundum is lined with
the membrane of the tympanum, which terminates in a blind
end, forming a kind of membrana cochleze. The other open-
ing, in the recent {ubjeét, communicates with the fpiral turn,
beyond the membranous termination of the foramen rotundum.

The foramen ovale has a little proje¢tion inwards all round,
on which the ftapes ftands: within this is the veftibulum,
which is common to the other {piral turn of the cochlez, and
the femicircular canals; this canal of the cochlea pafles out
firt in a direGion contrary to its general courfe, but foon
makes a turn into the fpiral. It is round, and not merely a
divifion of the cochlea into two by a feptum, but has a mem-
brane of its own, which is attached to the thin bony plate,
and lines that part of the cochlea in fuch a manner as to re-
tain its ftructure when the bone is removed. The cochlea in
fome compleats one turn and an half; in others, more. It is
not a {piral on a plane, or cyhnder, but on a cone.

I have already obferved, that by looking in at the foramen
rotundum, we fee two {mall ridges; the uppermoft is the

fwell of the canal from the veftibulum juft defcribed s the
lower ridge, which is alfo a canal, may be obferved juft to
pafs along the foramen belonging to this canal, clofe to the
feptum between the two; a circumftance, I believe, peculiar
to this tribe. Its beginning is clofe to the veftibulum, but does
not open from it, and pafles along the firft defcribed fpiral

6 turn
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turn to its apex: when opened, it appears to be a canal full
of {mall perforations, probably the paflages of the branches
from the auditory nerve.

This bony procefs has feveral perforations in it ;. one of them
large, for the paflage of the feventh pair of nerves. The fize
of the portio mollis, before its entrance into the organ, is very
large, and bears no proportion to that which. enters. The
paflage for this nerve 1s very wide, and. feems to have an irre-
gular blind conical, and fomewhat fpiral, termination; its
being fpiral arifes from. the clofenefs to the point of the cochlea.

In the terminating part there are a number of perforations
into the cochlea, and:one into the femicircular canals, which
afford a paflfage to the different divifions of the auditory nerve.
There is a confiderable foramen in its anterior fide near the
bottom, for the paflage of the portio dura, and which is con-
tinued backward to the cavity of the tympanum near the ftapes,,
and emerges near the pofterior and upper part of this bone..

Of the Organ:of Seeing..

The eye in this tribe of animals: is conftruéted upon nearly
the fame principle as that of quadrupeds, differing, however,
in fome circumftances; by which it is probably better adapted.
to fee in the medium. through. which the light is to: pafs.. It
is. upon. the whole {mall for the fize of the animal, which.
would lead: to- the fuppofition, that their locomotion.is not:
great; for, I believe, animals that {fwim are in. this refpe&:
fimilar. to thofe that fly; and as this tribe come to the furface-
of the medium in which they live, they may be confidered in-
the fame view with birds which foar;. and we find,, birds:

that:
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that fly to great heights, and ‘move through a confiderable
{pace, in fearch of food, have their eyes larger in proportion
to their fize.

The eyelids have but little motion, and do not confift of
loofe cellular membrane, as in quadrupeds, but rather of the com-
mon adipofe membrane.of the body ; the connexion, however,
of their circumference with the common integuments. is
loofe, the cellular membrane being lefs loaded with oil, which
allows of a flight fold being made upon the furrounding.parts
in opening the eyelids. This is not to an equal degree in them
all, being lefs fo in the Porpoife than in the Piked Whale.

The tunica conjunétiva, wheie it is refleted from the eyelid
to the eyeball, is perforated all round by fmall orifices of the
du&s of a circle of glandular bodies lying behind it.

The lachrymal gland is fmall ; its ufe being fupplied by thofe
above-mentioned ; and the fecretion from them all, 1 believe,
to be a mucus fimilar to what is found in the Turtle and Cro-
codile. There are neither pun&a nor lachrymal du&, {o that
the fecretion, whatever it be, is wathed off into the water.

The mufcles which open the eyelids are very ftrong : they
take their origin from the head, round the optic nerve, which
- in fome' requires their being very long, and are {o broad as
almoft to make one circular mufcle round the whole of the
interior ftraight mufcles’ of the eye itfelf. They may be di-
~vided into four; a fuperior, an inferior, and one at each
angle: as they pafs outwards to the eyelids, they diverge and
become broader, and are inferted into the infide of the eyelids
- almoft equally all round. They may be termed the dilatores of
the eyelids; and, before they reach their infertion, give off
the external ftraight mufcles, which are fmall, and inferted
into the fclerotic coat before the tranfverfe axis of the eye:

thefe
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thefe may be named the elevator, depreflor, addu&or, and ab-
du&or, and may be difle¢ted away from the others as diftinét
mufcles. Befides thefe four going from the mufcles of the
eyelid to the eye itfelf, there are two which are larger, and in-
clofe the optic nerve with the plexus.  As thefe pafs outwards
they become broad, may in fome be divided into four, and
are inferted into the {clerotic coat, almoft all round the eye,
rather behind its tran{ver{e axis.

The two oblique mufcles are very long; they pafs through
the mufcles of the eyelids, are continued on to the globe of
the\eye, between the two fets of ftraight mufcles, and at
their infertions are very broad; a circumftance which gives
great variation to the motion of the eye.

The {clerotic coat gives fhaps to the eye, both externally
and internally, as in other animals; but the external thape and
that of the internal cavity are very diffimilar, arifing from
the great difference in the thicknefs of this coat in different
parts. ‘The external figure is round, except that it is a little
flattened forwards; but that of the cavity is far otherwife,
being made up of feCtions of various circles, being a little
lengthened from the inner fide to the outer, a tranfverfe feQion
making a thort ellipfis.

In the Piked Whale the long axis is two inches and three=
quarters, the fhort axis two inches and one-eighth.

The pofterior part of the cavity is a tolerably regular curve,
anfwering to the difference in the two axifes; but forwards,
near the cornea, the fclerotic coat turns quickly in, to meet
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rotic coat and the bottom of the eye not above an inch and
a quarter. ‘

In the Piked Whale the fclerotic coat, at its poﬁerxr)r part,

is very thick: near the extreme of the fhort axis it was

~half an inch, and at the long axis one-eighth of an inch
thick. In the Bottle-nofe Whale, the extreme of the fhort
axis was half an inch thick, and the extremes of the long axis
about a quarter of an inch, or half the other.

The fclerotic coat becomes thinner as it approaches to its
union with the cornea, whereitis thin and foft.” Itisextremely
firm in its texture, where thick, and from a tran{verfe {c&ion
would {feem to be compofed of tendinous fibres, intermixed
with fomething like cartilage; in this feGtion four pafiages for
veflels remain open. This firmnefs of texture precludes all
effeét of the ftraight mufcles on the globe of the eye, by alter-
ing its fhape, and adapting its focus to different diftances of
objes, as has been fuppofed to be the cafe in the human eye.

The cornea makes rather a longer ellipfis than the ball of the
eye; the fides of which are not equally curved, the upper
being moft confiderably fo. It is a fegment of a circle fomewhat
finaller than that of theeyeball, is {oft and very flaccid.

The tunica choroides refembles that of the quadruped ; and
its inner furface is of a filver hue, without any nigrum pig-
mentum.

‘The nigrum pigmentum only covers the ciliary procefles,
and lines the infide of the iris. '

The retina appears to be nearly fimilar to that of the qua-
druped.

The arteries going to the coats of the eye form a plexus
paffing round the optic nerve, refembling, in its appearance, that

of the fpermatic artery in the Bull and fome other animals.
The
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The cryftalline humor refembles that of the quadruped;
but whether it is very convex or flattened, I cannot determine,
thofe I have examined having been kept too long to preferve
their exatt thape and fize. The vitreous humor adhered to the
retina at the entrance of the optic nerve.

The optic nerve is very long in fome {pecies, owing to the vaft
width of the head.

I thall not at prefent confider the eye in animals of this tribe,
as it refpeCts the power of vifion, that being performed on a ge-
neral principle common to every animal inhabiting the water;
more efpecially as I am only mafter of the conftruction and for-
mation of the eye, and not of the fize, thape, and denfities of the
humors; yet, from reafoning, we muft fu nofe them to cor-
refpond with the fhape of the eye, and the medium through
which the light is to pafs.

Of the Parts of Generation.

The parts of generation in both fexes of this order of ani-
mals come nearer in form to thofe of the ruminating than of any
others ; and this fimilarity is, perhaps, more remarkable in the
female than in the male; for their fituation in the male muft
vary on account of external form, as was before obferved.

The tefticles retain the fituation in which they were formed,
as in thofe quadrupedsin which they never come down into the
fcrotum., They are fituated near the lower part of the abdo-
men, one on each fide, upon the two great depreflors of the
tail. At this part of the abdomen, the tefticles come in contact
with the abdominal mufcles anteriorly.

The vafa deferentia pafs dire&ly from the epididymis behind
the bladder, or between it and the reCtum, into the urethras

Qqqz2 and
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and there are no bags fimilar to thofe called veficulee feminales
‘in. certain other animals. ,

The ftrutture of the penis is nearly the fame in them all,
and formed much upon the principle of the quadruped. It is
-made up of two crura, uniting intoone corpus cavernofum, and
the corpus fpongiofum feems firft to enter the corpus caver-
nofum. In the Porpoife, at leaft, the urcthrais found nearly
in the center of the corpus cavernofum; but towards the
glans feems to feparate or emerge from it, and becoming a
diftin& fpongy body, runs along its under furface, asin qua-
drupeds. ‘The corpus cavernofum in {fome is broader from the
upper part to the lower than from fide to fide; but in the Por-
-potfe has the appearance of being round, becoming {maller for-
wards, {0 as to terminate almoft in a point fome diftance from
theend of the penis.  The glans does not fpread out as in many
quadrupeds, but feems to be merely a plexus of veins covering
the anterior end of the penis, yetis extended a good way fur-
‘ther on, and is in fome no more than one vein deep.

The crura penis are attached to two bones, which arenearly
in the {fame fituation and in the fame part of the pelvis as thofe
to which the penis is attached in quadrupeds; but thefe bones
areonly for the infertion of the crura, and not for the fupport of
any other part, like the pelvis in thofe animals which have
pofterior extremitics, neither do they meet at the fore part, or
join the vertebrae of the back.

The ereGores penis are very firong mufcles, having an origin
and infertion fimilar to thofe of the human fubje&.

The acceleratores mufcles are likewife very ftrong; and there
is a firong and long mufcle, arifing from the anus, and paffing
forwards to the bulb of the penis, that runs along the under
furface of theurethra, and is at laft loft or inferted in the cor~

pus
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pus {pongiofum. This mufcle draws ths penis into the pre-
puce, and throws that part of the penis that is behind its in-
fertion into a ferpentine form. It is common to moft ani-
mals that draw back the penis into what is called the fheath,
and may be called the retractor penis.

In all the females which 1 have examined, the parts of
generation are very uniformly the fame; confifting of the
external opening, the vagina, the two horns of the uterus,
Fallopian tubes, fimbriz, and ovaria.

The external opening is a longitudinal flit, or oblong open-
ing, whofe edges meet in two oppofite points, and the fides
are rounded off, fo as to form a kind of fulcus. 'The fkin and
parts on each fide of this fulcus are of a loofer texture than on -
the common furface of the animal, not being loaded with oil,
and allowing of fuch motion of one part on another as admits
of dilatation and contra&tion. . The vagina pafles upwards and
backwards towards the loins, fo that its direftion is diagonal
re{pe&ing the cavity of the abdomen, and then divides into the
two horns, one on each fide of the loins; thefe afterwards
terminating in the Fallopian tubes, to which the ovaria are
attached. From each ovarium there is a {mall fold of the
peritoneum, which pafies up towards the kidney of the fame
fide, as in moft quadrupeds.

The infide of the vagina is fmooth for about one-half of its
length, and then begins to form fomething fimilar to valves
proje&ing towards the mouth of the vagina, each like an os
tincze ; thefe are about fix, feven, eight, or nine in number.
Where they begin to form, they hardly go quite round, but
the laft are complete circles. At this part too the vagina be-
comes {maller, and gradually decreafes in width to its termi-
nation. From the laft proje&ting part, the paflage is conti-

nued
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nued up to the opening of the two horns, and the inner fur-
face of this laft part is thrown into longitudinal rugz, which
are continued into the horns. Whether this laft part is to be
reckoned common uterus or vagina, and that the laft valvular
part 1s to be confidered as os tincz, I do not know ; but from
its having the longitudinal rugz, I am inclined to think it
is uterus, this firu&ure appearing to be intended for diftinétion.

The horns are an equal divifion of this part; they makea
gentle turn outwards, and are of confiderable length.  Their
inner {urface is thrown into longitudinal ruge, without any
fmall protuberances for the cotyledons to form upon, as in
thofe of ruminating animals; and where they terminate, the
Fallopian tubes begin.

In the Bottle-nofe Whale, where the Fallopian tubes opened
into the horns of the uterus, they were furrounded by pendu-
lous bodies hanging loofe in the horns.

The Fallopian tubes, at their termination in the uterus, are
remarkably fmall for fome inches, and then begin to dilate
rather fuddenly; and the nearer to the mouth the more this
dilatation increafes, like the mouth of a French horn, the ter-
mination of which is five or fix inches in diameter. They are
very full of longitudinal rugz through their whole length.

T'he ovaria are oblong bodies, about five inches 1 length;
one end attached to the mouth of the Fallopian tube, and the
other near to the horn of the uterus. They are irregular on
their external furface, refembling a capfula renalis or pancreas,
They have no capfula, but what is formed by the long Fal-
lopian tube.

How the male and female copulate, I do not know ; but it
is alledged, that their pofition in the water is eret at that

time, which 1 can readily fuppofe may be true; for otherwife,
if
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if the connexion is long, it would interfere with the a& of
refpiration, as in any other pofition the upper furface of the
heads of both could not be at the furface of the water at the
fame time. However, as in the parts of generation they moft
refemble thofe of the ruminating kind, it 1s poflible they may
likewife refemble them in the duration of the a& of copula-
tion; for, I believe, all the ruminants are quick in this a&t,

Of their uterine geftation I as yet know nothing ; but it is
very probable, that they have only a ﬁnglé young one at a tune,
there being only two nipples.  This feemed to be the cafe with
the Bottle-nofc Whale, caught near Berkeley, which had been
feen for fome days with one young one following it, and they
were both caught together.

'The glands for the fecretion of milk are two; one on each
fide of the middle line of the belly at its lower part. The
pofterior ends, from which go out the nipples, are on each
fide of the opening of the vagina, in fmall fulci. They are
flat bodies lying between the external layer of fat and abdo-
minal mufcles, and are of confiderable length, but only one-
fourth of that in breadth. They are thin, that they may not
vary the external fhape of the animal, and have a principal
dué&, running in the middle through the whole length of the
gland,and colletting the {maller lateral duéts,which are made up
of thofe ftill {maller. Some of thefe lateral branches enter
the common trunk in the dire&tion of the milk’s paflage, others
in the contrary diretion, efpecially thofe neareft to the termi-
nation of the trunk in the nipple. The trunk is large, and
appears to ferve as a refervoir for the milk, and terminates exter-
nally in a projetion, which is the nipple. The lateral pora
tions of the fulcus which inclofes the nipple, are compofed of
parts loofer in texture than the common adipofe membrane,
which is probably to admit of the elongation or projeQion of

5 the
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the nipple. Cn the outfide of this there is another {mall
fiffure, which, I imagine, is likewife intended to give greater
facility to the movements of all thefe parts.

The milk i1s probably very rich; for in that caught near
Berkeley with its young one, the milk, which was tafted by
Mr. JenneEr and Mr. Lubrow, Surgeon, at Sodbury, was
rich like Cow’s milk to which cream had been added.

T'he mode in which thefe animals muft fuck would appear
to be very inconvenient for refpiration, as either the mother or
young one will be prevented from breathing at the time, their
noftrils being in oppofite diretions, therefore the nofe of one
muft be under water, and the time of fucking can only be be-
tween each refpiration. The a& of fucking muft likewife be
different from that of land animals ; as in them it is performed
by the lungs drawing the air from the mouth backwards into
themf{elves, which the fluid follows, by being forced into the
mouth from the preflure of the external air on its furface;
but in this tribe, the lungs having no connexion with the
mouth, fucking muft be performed by fome aétion of the
mouth itfelf, and by its having the power of expanfion.
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EXPLANATION OF THE PLATES,

PLATE XVI

"This fith is called a Grampus : it was caught in the mouth
of the river Thames, in the year 1759, and brought up to
Weftminfter Bridge in a barge. 1t was twenty-four feet long.

PLATE XVIIL

Another {pecies of Grampus, which was caught in the river
Thames, fifteen yearsago. It was eighteen feet long.

PLATE XVIIIL

Fig. 1. A fpecies of Bottle-nofe Whale; the Delphinus
Delphis of Linnzvs. It was caught upon the fea-coaft, near
Berkeley, where it had been feen for feveral days, following its
mother, and was taken along with the old one, and fent up to
me whole, for examination, by Mr. JENNER, Surgeon, at
Berkeley. The old one was eleven feet long.

Fig. 2. The head of the fame Whale as fig. 1. to fhew the
fhape of the blow-hole, which is tran{verfe, and almoft femi-

circular.

PLATE XIX.

The Bottle-nofe Whale defcribed by Davre. It is fimilar to
that of Plate XVIIL in its general form, but has only two
{mall pointed teeth in the fore part of the upper jaw, and is
rather lighter coloured on the belly. It was caught above

Vor. LXXVIL Rrr London
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London Bridge in the year 1783, and became the property of
the late Mr. Alderman Pucn, who very politely allowed me
to examine 1ts ftrufture, and to take away the bones. It was
twenty-one feet long.

PLATE XX,

Fig. 1. The Balena Roftrata of Fasricivs, or Piked Whale.
It was caught upon the Dogger Bank. It had met with fome
accident between the two lower jaws under the tongue, 1n
which part a confiderable colleGtion of air had taken place, fo
as to raife up the tongue and its attachments into a round body
in the mouth, projeGting even beyond the jaws. This ren-
dered the head fpecifically lighter than the water, {o that it
could not fink, and therefore was eafily caught.

It was feventeen fect long, and was brought to St. George’s
Fields, where 1 purchafed it. The dorfal fin having been cut
off clofe to the back, is therefore only marked by a dotted line.

Fig. 2. A view of the tail, to thew its breadth.

PLATE XXI.

Includes the external parts of generation, with the relative
fituation of the anus and the nipples, of the Baleena Roftrata.

Fig. 1. The labia pudendi fpread open, expofing the meatus
urinarius, vagina, and anus, which in a natural ftate are all

concealed, there only appearing a long flit, the two edges of
which are in contaét.

AA. The labia pudendi,
B. The clitoris.

C. The meatus urinarius.
D. The
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D. The opening of the vagina.

E. The anus.

Fig. 2. The fulcus, in which the left nipple lies, {pread open,
and the nipple itfelf expofed to view,

Fig. 3. The fulcus of the right nipple, in a natural ftate,
only appearing like a line.

Fig. 4. A fulcus near to the nipple, which is fpread open tg
thew the infide. This fulcus, I conceive, gives a freedom to
the motion of the fkin of thefe parts, fo as to allow the nipple
to be more freely expofed.

Fig. 5. The fame f{ulcus on the oppofite fide, clofed up.

PL ATE XXII.

A fide view of one of the plates of whalebone of the Ba~
lzzna Roftrata.

A. The part of the plate which proje@ts beyond the gum.

B. The portion which is funk into the gum.

CC. A white fubftance, which furrounds the whalebone,
forming there a projeting bead, and alfo pafling between the
plates, to form their external lamelle.

DD. The part analogous to the gum.

E. A flethy fubftance, covering the jaw bone, and on which
the innerjlamella of the plate is formed.

F. The termination of the plate of whalebone in a kind of
hair.

PLATE XXIII.

Fig. 1. A perpendicular fe@ion of feveral plates of whales
bone in their natural fituation in the gums their inner edges,
or fhorteft terminations, are removed, and the cut edges of the

plates feen from the infide of the mouth.
Rrerz The
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The upper part thews the rough {urface formed by the hairy

termination of each plate of whalebone.

The middle part thews the diftance the plates of whalebone
are from each other.

The lower part fhews the white {ubftance in which they
grow, and alfo the bafis on which they ftand.

Fig. 2. An outline confiderably magnified, to thew the mode
of growth of the plates, and of the white intermediate {ubftance,

A. The middle layer of the plate, which is formed upon a
pulp or cone that pafles up in the centre of the plate. The
termination of this layer forms the hair.

B. One of the outer layers, which grows, or is formed, from
the intermediate white {ubftance.

CCCC. The intermediate white fubftance, laminz of which
are continued along the middle layer, and form the fubftance of
the plate of whalebone.

D. The outline of another plate of whalebone.

E. The bafis on which the plates are formed, which adheres
to the jaw bone,
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