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PREFACE.

I~ preparing this work for the public, the writer
was chiefly influenced by a desire to collect the
truths of Zoology within a small compass, and to
- render them more 'intelligible, by a systematical
arrangement. He is not aware that there exists
any work in the English language, in which
the subject, in its different bearings, has been il-
lustrated in a philosophical manner, or to which a
student of Zoology could be referred, as a'suitable
introduction to the science. There are not wanting,
it is true, many disquisitions of great value, on pér-
ticular departments of the physiology and classifica-
tion of Animals; for who can enumerate the names
of TysoN, LasTeEr, WirLovcHBY, RAY, ELLIS,
HuNTER, PENNANT, MoONRO, and MoNTAGU,
among the dead, and HomE, KirBY, and LEAcCH,
among the living zoologists of Britain, without
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regarding them * as extensive bencfactors of the
science. But the writings of these nétura]ists,
and others which have been noticed in the body
of the work, are not only rare, but expensive;
so that the task of investigating the facts which
have been established, or the theories which have
been proposed, can scarcely, in ordinary circum-
stances, be entered upon. The want, indeed, of
such an introduction to the study of the Animal
Kingdom, as should serve as an index to the doe-
trines on which the classification is founded, has
frequently been the subject of regret, and may pro-
bably be considered as the origin of that indifference
to the science which is but too apparent in this coun-
try. Botany and Mineralogy have been illustrated
by a variety of introductory works, full of enlarge(l'
and philosophical views, and professorships have
been instituted to accelerate the progress of these
sciences : but Zoology has experienced no such fos-
tering care. It has been abandoned to its fate, and -
suffered to languish under the pernicious influence

of peculiar external circumstances.

Among those circumstances which have direetly
retarded the progress of Zoology in Britain, there

is one which has been conspicuously hurtful,—the
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influence of the dogmas of the Linnean School.
There have not been wanting naturalists in this
country, who have regarded the twelfth edition of
the « Systema Naturz” as the standard of all excel-
lence in this branch of Natural History, and who
have considered the classes, orders, and genera
therein established, as sufficient to embrace all
the species on the globe. Every attempt to em-
ploy characters different from those made use of
by LINN_&£US, has been stigmatized as presumptuous
innovation ; the establishment of a new genus has
been condemned as an unnecessary burden imposed
on the memory ; the new species have been crowded
into the established categories, though destitute of
the prescribed claims of admission ; and all that is
valuable in the history of an animal, has been con-
sidered capable of being expressed in its trivial
name and specific character. Though such has
been the practice of the devoted admirers of LiN-
NA&Us, it is not conformable to those principles
which regulated the conduct of that enlightened
naturalist himself. He examined with the great-
est freedom the opinions of his predecessors, and
did not suffer the methods which they had employ-
ed to regulate the construction of his own divisions.
He exhibited the most convineing proofs of the ne-
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cessity of frequent changes in the arrangement, to
keep pace with the progress of science. “Within the
“space of thirty years, his system passed through twelve
editions, the greater number of which were revised by
himself : these in succession, by the numerous altera-
tions made in the characters, number and distribu-
tion of the genera, evinced the depreciated value of
" these which preceded, and predicted the temporary
excellence of all that should follow. The blind adhe-
rence of British naturalists to the systematical ar-
rangement of animals which LiNN£US recommend-
ed, which led them to neglect the important services
of LisTER and RAY, and reject the methods which
these illustrious observers had proposed, and their
hostility to every reformation, appear the more re-
markable, when it is considered that his Mineralo-
gical System was arrested in its progress by the fee-
ble barriers which Woopwarp and DacosTta had
raised up. Perhaps a part of this influence may be
traced to the pur'chase of the Linnean cabinet by
its present illustrious possessor Sir JamEs Eb-
WwARD SMITH, and the interest in favour of its
former owner which this circumstance could not
fail to excite in this country. At all events, there
is reason to rejoice that this influence, once so
powerfulr, is on the decline; and to hope that the
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activity of the present cultivators of the science
will atone for the last forty years of zoological list-
lessness.

In order to form a correct estimate of the zoolo-
gical merits of LINN.£EUs, the © Systema Nature”
must be regarded as the index, merely, of the names
of the different animals, not as the exposition of
their history; and the “ Amcenitates Academice”
must be studied, as containing numerous examples
of those efforts which can alone add dignity to this
department of knowledge.

It will be fortunate for the interests of science,
if, in rejecting what is obsolete in the system of
LanN&Us, zoologists do not, at the same time, un-
dervalue that precision in method at which he aim-
ed. This observation appears the more necessary,
as there is now much declamation about the worth-
lessness of Artificial Systems, and the excellence of
Natural Methods. But this excellence is more ap-
parent than real. Many of those natural groups
which are so much praised are ill defined, and it is
even acknowledged by their admirers, that precise
limits cannot be assigned to them. Hence it fre-
quently happens, that the definition of the group is
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applicable to a few genera only, which arc considered
as its type, and does not embrace other genera which
are regarded as belonging to it, but beginning to as-
sume the-characters of some of the other neighbour-
ing groups. There is here the use of a method,
where there is no precision, and a boasting that the
plan of Nature is followed, when that plan is con-
fessedly incomprehensible.  Indeed, it often hap-
pens, that the admired natural method of one zoo-
logist differs from the censured artificial method of
another, merely in the circumstance that different
systems of organs have been made choice of as the
basis of the respective classifications. Unless zoo-
logists, in the formation of their primary groups,
endeavour to determine those characters which all
the members possess in common, adm\itting only such
marks into the definition, and practise the same me-
thod with all the subordinate divisions, the progress
of the science will be unsteady, the student will be
startled at its contradictions, and the revolutions in
nomenclature become as frequent as the cultivators

of the science are numerous.

The ridicule too often thrown out against
some of the departments of Zoology, by persons who
pretend to considerable intellectual acquirements,
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may have been prejudicial in its effects, by prevent-
ing many from entering upon the study, and by re-
straining the efforts of others. The Animal King-
dom 1is considered by many persons as furnishing a
delightful field of rational enquiry, but they feel
disposed to bestow all their praise on certain sub-
jects of that kingdom which happen to be favourites,
and they are ready to stigmatize the remainder as
comparatively worthless. They would applaud the
student inclined to investigate the instincts of the
elephant, but would censure him, as engaging in de-
grading pursuits, were he detected in examinihg the
habits of a spider, or the structure of a worm. Do
such persons consider the wisdom of the plan of
Providence as discoverable without an acquaintance
with the relation of the particular parts, or a par-
tial view as sufficient to enable them to compre-
hend the whole? To such judges of Nature, a
sneer would perhaps be the most suitable reply;
but, as they are numerous, it may be worth while
to attempt to teach them sounder views. Much of
their error may be traced to tlie importance which
they attach to size, without perhaps reflecting, that,
if this is to be considered as the best test of the dig-
nity of an animal, the horse must be regarded as

more excellent than his rider. Besides, were ani-
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mals useful toman in proportion to their size, would
the worm-like leech ever have been resorted to as a
bleod-letter, or the insect coceus employed as a dye?
On no occasion can the argumentum ad verecun-
diam be employed with more effect, than when ad-
dressed to the despisers of the humbler tribes of
animated beings. By whose power were the mean-
est creatures formed? By whose wisdom were all
their organs arranged to fit them for the place they
occupy ? By whose will do they live? By whose
bounty is their life sustained? Know, that HE,
who, in the beginning, created the Heaven and the
Earth, said, “ Let the earth bring forth the living
“ creature after his kind, cattle, and creeping thing,
“ and beast of the earth after his kind : and it was
“s0.” Isit, then, to be considered as a degrading
employment for man to examine those creatures
which were formed by Gop ?

In collecting the materials of the present work,
and preparing it for publication, the author expe-
rienced unavoidable difficulties, arising from his re-
mote situation. It was sometimes not in his power,
from his time being occupied by other important
duties, to consult rare and costly works on Na-
tural History; and the slow progress of his task,
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which has occupied him for more than three years,
has prevented him from quoting some authors,
whose publications are already known to the pu-
blic.. The Chapters, for example, on the Organs
of Perception, and the Faculties of the Mind,
were prepared for the press several months be-
fore the publication of the ‘ Physiology of the
Mind” by the late Dr BRowN. Had this not been
the case, the author would have availed himself of
several acute remarks of that discriminating philo-
sopher. Should the reader detect the slightest co-
incidence of opinion in the two publications, it can
only be attributed to the analytical operations ha-
ving been performed on similar subjects. Another
work has appeared more recently, which the au-
thor regrets was not before him in the whole
course of his enquiries. -He refers to Dr Bagr-
crAY’s Treatise on Life and Organization. It
should be perused with care by every student of
Anatomy and Natural History, as an effectual pre-
servative against the doctrines of Materialism, and
deserves a place as well in the library of the Divine
as in that of the Physiologist.

In the distribution of the subjects of the follow-

ing work, 1t was . considered more useful to classify
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the different organs of animals, and determine the
functions which are executed, previous to the syste-
matical arrangement of the species, than to unfold -
the peculiarities of the various organs as they occur
in succession in the different classes. By this me-
thod, the student is made acquainted with the va-
rieties of organization and function, and proceeds
to the details of methodical distribution, with his
mind prepared by general views for conducting the
particular investigations. In the distribution of the
various groups, the author, after the plan of the
“ Regne Animal” of M. CuVIER, the most valua-
ble of modern systematical arrangements, begins
with the perfect animals, and terminates with
those which exhibit the most simple organisation.
Suppose an opposite plan to be pursued, many diffi-
culties must present themselves in the course of the
arrangement. As the observer ascends in the scale,
new organs develope themselves. = These are at first
so obscure, that he can neither unfold their structure
nor guess at their functions, without being guided
by his knowledge of the organs of the higher tribes:
hence it happens, that the boasted analytical me-
thod becomes, in fact, synthetical; and the very
terms which are employed to express the characters
intimate a knowledge of the peculiarities of the high-

er divisions.
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It was originally intended to have added to each
genus in the Vertebral and Molluscous Tribes at
least, a list of all the species which have been dis-
covered as natives of the British Isles. But soon
perceiving the impossibility of doing this, without
exceeding greatly the prescribed limits, the writer
relinquished the plan. He has, however, resolved to
supply the defect in a separate publication, (for which
he has been collecting materials during many years) ;
in which work, he will confine himself to the deter-
mination of the specific characters and descriptions
of BritisH ANimaLs. The propriety of attempt-
ing such a publication, must be acknowledged by
every one acquainted with the present chaotic state
of the British Fauna. -

The Plates which have been added to the present
work, consist of figures relating exclusively to British
animals.  They are not gaudy, but they are correct
delineations from nature, for which he is indebted
to the pencil of his wife.

With regard to the style, it may be proper to
mention, that brevity and perspicuity have been
chiefly aimed at. That there are several errors in
the composition is readily acknowledged. Those
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which seem to injure the sense, have been taken no-
tice of in the list of corrigenda.

Before concluding, the author embraces this op-
portunity of expressing his gratitude for the kind as-
sistance he has experienced in prosecuting the work.
He must particularly mention the name of Professor
JaMEsoN, who has added so much to the reputa-
tion of the University of Edinburgh, as an eminent
teacher of Natural History, and to whose exertions
the public is indebted for that splendid collection
of ANIMALS which adorns the Edinburgh Museum.
The work, indeed, was begun in consequence of his
recommendation, and he has contributed to its pro-
gress by many kind offices.

To Parrick NE1LL, Esq. the author has been
under particular obligations, for many valuable hints
and sound eriticisms, dictated equally by the ties of
friendship and attachment to the science.

After all his exertions, the writer is aware that
much more might be done, to give this treatise
stronger claims to public favour, and to render it
better deserving of the title which, for the sake
of discrimination, he has, perhaps presumptuously,
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ventured to adopt; and he would only recommend
it to the student of Zoology, until a more complete
work shall appear, which would be perused by no
one with greater eagerness than himself.

The analytical Table of Contents exhibits so
fully the method which has been followed, and the
subjects which have been treated of, as to supersede
the necessity of an Alphabetical Index.

CONTENTS
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Coccinellidee, Endomychide. -

Coleoptera Dimera.
Claviger, Pselaphus, . 2

Order I1.—Dermaptera.
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b. Wings horizontal when at rest. Gryllide, Blatta,
Mantidee. ; 3

-
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EXPLANATION OF THE PLATES.
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PLATE I.

Fig. 1. Plecotus auritus or Long-eared Bat, vol.i. - 176
— 2. Tusks and grinders of the Badger. a4, Inside
view of the teeth of the upper jaw. &, A similar

view of the teeth of the under jaw, - 181
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sally. - - -4 + 186
— 4. Common Porpess. ' 209,
— 5. Teeth of — —. a, One from the mlddle of the
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PLATE IL
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— 2. Bones of the wing of the Comcrake, 1llust.rat1ve
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PLATE IIL

1. Clupea alosa or Shad, - 385
— 2. Rhombus punctatus, - 588
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EXPLANATION OF THE PLATES.

PLATE IV.
1. Vitrina pellucida, & vol. i. 459
2. Eolida purpuarascens, A - 470
3. Patella vulgaris, - - . AT4
4. Terebratula cranium. a, Inside of the larger
valve. b, Inside of the smaller valve. - 498
5. Terebratula aurita. a, b, The two valves viewed
externally. c,d, The corresponding valves view-
ed internally, all the four. ﬁgures a little magm-
fied. - ib.
6. A, B, C. Three species of the genus Nirmus,
found on the Anser erythropus, magnified, 586
7. A species of Argas, found on Falco tinnunculus,
magnified, - - - 558
PLATE V.
1. Coryna squamata. a Natural size. & magniﬁed. ¢
2. glandulosa. a b } 616
3. Sertularia gelatinosa. @ b ib.
4. Ephydatia canalium, nat. size. < - 6t4
5. Furocerca, ~ - - 618
CORRIGENDA.
VOL. I.

Page 53. line 13. from the top, after superior add to
——125. — 8. ———— for facility read faculty

e 938 T i e CONBIStANT inconsistent

— 250, — 21, ——————— property propriety

— 263, — 18. ——————— been become

——— 402, — 9. —————Dbefore evolution insert internal
VOL. 1L , !

Page 121. line 14. from the top, for the read their

— 120, — 25, ——— fifth fiftieth

— 201. — 9. e division denizen’

—— 268. after line 13. add, 1. Body furnished with feet.
— 579. — 1. before Strepsiptera insert ORDER vIL.
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PHILOSOPHY

(O

ZOOLOGY.

T contemplation of the works of Gob, as exhibited in
the material world, forms one of the most suitable, gra-
tifying, and useful employments of his rational creatures.
These works present- themselves to our notice under dif-
ferent aspects, and require the employment of various me-
thods for their examination. The results of these investi-
gations constitute the different branches of Natural
Science.

The examination of the forms, magnitudes and motions
. of the heavenly bodies, is the peculiar business of the
Astronomer.  In the prosecution of his object, he employs
measurement and calculation, for the purpose of discover-
ing the laws by which the celestial phenomena are regulated.

The beings which constitute this terraqueous globe, are
subject to various changes, in consequence of their mu-
tual actions on one another. These the Experimental Phi-
losopher professes to investigatc. When the actions here
referred to are accompanied with obvious motions, bit do
not produce a permanent change in the constitution of

VOL. 1. A
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those bodies subject to their influence, they constitute those
phenomena which the science of Natural Philosophy pro-
fesses to examine and explain. The instruments of in-
vestigation employed in this department, like those of the
astronomer, are measurement and calculation, aided by
experiment. When the actions which take place among
bodies, produce a permanent change in their constitution,
unaccompanied with motions which admit of measurement,
they are considered as belonging to the Science of Che-
mistry. Experiment is the only instrument of investiga-
tion which can be employed with safety in this depart-
ment. :

When the beings which constitute this terraqueous globe,
are considered as related to one another, exhibiting par-
ticular forms, and adapted by their structure to the situa-
tions in which they are placed, they are regarded as the
subjects of the Natural Historian. The establishment of
a System of Nature, to which all his labours are directed,
can only be completed when all the creatures of the globe
shall have become known, and their mutual connections
ascertained. Observation is the peculiar instrument of
research which he employs.

All these sciences mutually explain and illustrate one
another. The doctrines of the one are often employed
with success, to solve the difficulties which occur in the
other; and the instruments of the one may be substituted
for those of the other, in particular circumstances, with
the happiest results.
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CHAP. L

ON THE PIVISION OF NATURAL OBJECTS, AND THE PECU-

LIAR CHARACTERS OF INORGANIC BODIES. £

Tz objects which present themselves to the notice of
the Natural Historian, on the surface of thls globe, exhibit
innumerable varieties of form, structure, action and posi-
tion. But, however diversified in appearance, they readily
admit of distribution into various groups, each including
numerous species, capable of farther arrangement into sub-
ordinate tribes. The most extensive of these groups, are
two in number,—-the one called the ORGANIZED,—the
other the INorecanic Kingdom. The limits which sepa-
rate these two divisions, are so well defined, that the dis-
tinction has been universally received.

Philosophers and poets, in all ages, have been anxious
to point out a certain gradation of perfection in earthly
objects,—a CHAIN OF BEING, the links of which consist.
of all created beings, passing by insensible degrees from
the simplest to the most complicated, and constituting
one harmonious whole, unbroken and dependent. Crys-
tallization, they say, is the highest link of the inani-
mate part of the chain, and connects the Mineral with the
Vegetable Kingdom. The lichen which encrusts the stone,
is but one step higher in the scale of being than the stone
itself. The mushrooms and corals, form a bond of union

A2
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between the Vegetable and Animal Kingdoms ; and the vast
interval by which Man is separated from his Maker, is occu-
pied by different orders of superior intelligences.

All this appears at first sight plausible, and in some re-
spects in conformity with those arrangements of Nature
which we witness taking place in the subordinate divisions
of animated beings. But when we examine attentively the
characters which distinguish inorganic from organized be-
ings, and animals from vegetables, we perceive, at once,
that there are intervening chasms by which different parts
of the chain are separated; nor can the most acute ob-
server detect on either side the remaining portions entire,
although he may be able to collect a few fragments and
disjointed links.

L. Independence of the different parts of Inorganic Be-
ings.—The different parts of an inorganic body enjoy an in-
dependent existence, while the parts of a body belonging to
the organized kingdom, depend on their relative situation |
for the continuance of their structure and properties. The
value of this distinctive mark will appear more obvious
by the following examples. If we remove, from a bed of
basalt, one of the jointed columns of which it consists,
neither the bed nor the column suffer by the disjunction ;
and the Jatter retains the same form and structure as be-
fore the separation. If the joints be divided from one an-
other, each joint will continue to preserve its character, al-
though no longer in connection with those of which the
eolumn originally consisted. If the joint be split into a
number of pieces, each fragment will be found to preserve
its form and structure as permanently as the concretion
from which it was detached. How widely different are the
appearances exhibited by an organized body, when sub-
jected to similar treatment ! :
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When we pull off a branch from a tree, the stem itself
is mjured, while the detached portion speedily exhibits a
change in every sensible quality. The lcaves wither and
drop off, the pliant twig stiffens, and the fresh bark as-
sumes the appearance of a shrivelled crust, Changes
equally obvious present themselves when a lmb is sepa-
rated from the body of an animal. Putrefaction soon re-
duces part of it to earth, and disengages the remainder in
air. ,
In all these circumstances we find, that the ‘instant the
parts of an organized being arc separated, a destructive
process commences, to which there is nothing analogous in
the mineral kingdom. The bodies which formerly at-
tracted onc another, and in their combinations exhibited to
us the finest forms, and executed the most complicafed
movements, now appear to repel one another, and hasten
to have the bond of union dissolved. This character,
therefore, which we have now stated, independent of any
other, is sufficient to point out the magnitude of that inter-
val which separates the inorganic from the organized king-
dom, and divides the living from the dead.

IX. Permanence of Inorganic Bodies—If we take a sa-
line mixture, and induce crystallisation, symmetrical bodies
are obtained, which are considered as the most per-
fect models of inorganic existence. These crystals, of
whatever size, would continue to exhibit the same form
and structure, unless acted upon by some external force of
a’chemical or mechanical kind. Within, every particle is
in its proper place, nor does there exist any power to alter,
increase or diminish. But the case is widely different with
organized bodics. They acquire definite forms and struc-
tures, which are capable of resisting for a time, the ordi-
nary laws by which the changes of inorganic matter are re.
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gulated. Internally, however, there is no rest. From the
period that the existence of the plant or animal commences,
to the day of dissolution, there is no stationary point. In-
crease and decay succeed by turns. Youth follows infan-
cy, and maturity precedes age. Itis thus with the mushrooni
and the oak,—with the mite and the elephant;—life and
death being common to all of them.

I11. Integument distinctive of Organized Bodies.—The
substance of a stone or a crystal, is the sameat the sur-
face and the centre. Minerals possess no covering to
defend them from external injuries, and preserve their
form. When they increase, it is by the addition of mat-
fer to their surface; when they decrease, it is by the ab-
straction of the exterior particles. But organized bodies
are enveloped in a covering which differs in structure from
the parts within, which defends those parts from the ac-
tion of external agents, and which is susceptible of exten-
sion and contraction. 'The increase of size is produced by
the addition of particles to the interior, and an enlarge-
ment of this integument. A diminution of size takes place
from the removal of particles from the interior, and a con-
sequent contraction of the covering.

Were it necessary, many characters besides those which
have been enumerated, might be exhibited, as distinguish-
ing the inorganic from the organized kingdom. The indi-
viduals belonging to the former do not require nourish-
ment and a suitable temperature, neither do they possess
a circulating system. Animals and vegetables, on the
other hand, stind in need of a supply of food and air, and
a suitable temperature, for the continuance of their exis-
tence, and are nourished by particles prepared in appro-
priate organs, and conveyed by peculiar vessels. Inorga-
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nic bodies can neither boast of youth nor age, parent nor
child; while organized bodies have the power of reproduc-
tion as well as the tendency to decay.

Such are the characters by which inorganic and organiz-
ed bodies may be distinguished, as constituting the two
great and primary classes of natural objects. Let us now
direct our attention to the structure of the organized king-
dom, for the purpose of ascertaining those subordinate di-
visions of which it is susceptible.

CHAP. IL

ON THE PECULIAR CHARACTERS OF ORGANIZED BODIES.

Tse infinite variety of species which constitute the orga-
nized kingdom, possess many common properties, indepen-
dent of the remarkable differences which they exhibit in
their structure and appearance. By attending to these com-
mon properties, we shall be able to discover some of the
qualities of that principle to which they owe their charac-
ter, and by which their arrangements are regulated.

All organized bodies consist of Solids and Fluids. The
former exhibit the appearance of fibres or laminee, of which
cells and tubes are constructed, destined to contain the fluids.
These solids and fluids are very differently arranged in the
different classes of organized being, although similar in in-
dividuals of the same species.

L. The Characters of the Viial Principle~When we
examine a plant or an animal as near to the origin of
its existence as possible, we Witness its embryo or germ,
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small indeed, but possessing a power capable of develop-
ing in succession the destined phenomena of existence.
By means of this power, the germ is able to attract towards
it particles of inanimatc matter, and bestow on them an ar-
rangement widely different from that which the laws of
chemistry and mechanics would have assigned them. The
same power not only attracts these particles and preserves
them in their new situation, but is continually engaged in
removing those which, by their presence, might prevent or
otherwise derange its operations.

1. LiMiTED IN 175 rowER.—But there is a limitation
-of this power in the exercise of its functions, to the pro-
duction of a body of a certain magnitude, form, structure,
,composition and duration.

A. Magnitude.—In each particular speues, it is re-
stricted 1n its efforts to the productlon of a being of a de-
terminate size. When this size has been attained, some-
times by a slow, sometimes by a more rag)id growth, the
body remains for a time, as it were, stationary as to hulk.
The absorption and ejection being equal and opposite,
counterbalance each other. There is a proportion like-
wise preserved between all the parts,—between the roots
and the stem,—the Jimbs and the trunk.

B. Form.—In ecach species, this power is restricted to a
determinate form. Hence it is, that the external shape
being the same in all individuals of the same species, it
becomes an easy matter to recognize them. The seed of
a fir-tree never expands into the shape of the ash, nor does
the germ of the sheep cvolve the appearance of the ox. In
the various stages of their existence, certain organized be-
ings are destined to undergo a variety of changes in size
and shape ; but these, however complicated or numerous,
gll pave the way for the assumption of the destined forms

of the individual. In consequence of the uniformity of
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these operations, we can predict with certainty, that from
the small egg of the butterfly shall burst forth the destruc-
tive caterpillar; that this, in its turn, shall appear a dor-
mant pupa, and, in due time, assume the elegant form and
variegated colours of the sportive imago.

C. Structure~This same power, which is restricted as
to the form and size of the being it is destined to con-
struct, is likewise regulated with regard to structure. Thus
the germ of the palm-tree is destined to produce a stem,
which shall increase by the addition of matter on its cen-
tral aspect, and the fibres or nerves of whose leaves shall
be arranged nearly in straight lines. The germ of the
oak, on the other hand, is destined to construct a trunk
which shall increase in size by the addition of layers to
its circumference, and the nerves of whose leaves shall
exhibit a reticular arrangement. The germs of animals,
in like manner, are regulated by similar laws. Individuals
of the same species are constructed according to the same
plan, and are furnished with the same members and organs,
although they differ more or less from those of every other
species. In short, in each species there is a power capable
of producing all the modes of that species, and incapable
of producing those of any other.

D. Composition—The power which organized bodies
thus possess of attracting towards them the particles of
inorganic matter, is not exercised indiscriminately. There
is a principle of selection, which displays itself in the pro-
duction of different substances from the same materials.
The plants which grow on the same soil, which are nou-
rished by the same water, and invigorated by the same
temperature, select from that soil the particles suited to
their nourishment. But all do not select the same par-
ticles. 'The wheat, barley and oats, draw towards them
the particles adapted to construct their respective systems.



10 PHILOSOPHY OF ZOOLOGY.

The horse, the sheep, and the cow, though all feeding in
the same field, and consuming the same herbage, select
different particles from the same mass, and appropriate
these to the production of their peculiar organs.

Even the different members of which an organized body
consists, possess this power. From the same circulating
fluid, bone, muscle, cartilage, and fat are produced by the se-
lective agency of the particular organs. In consequence
of this power, each species, and the separate parts of each
species, have an individuality of composition by which
they are characterized. Thus, within the bark of the
oak, we confidently expect to find wood of a mote ob-
viously fibrous structure, and of greater strength, than
underneath the bark of the birch-tree: and the flesh of
the sheep has always a different flavour from that of an ox
or a horse. Even the particles which are sccreted from
organized bodies, differ according to the species. Thus
we find the perfume of the rose different from that of the
thyme, and the smell of the herring, from that of the
smelt.

E. Duration.—The same power which weé are now con-
sidering, is restricted in its action to a determinate dura-
gion. 1t collects the different particles suited to the com-
position of the individual, with unceasing industry, ar-
ranges them with amazing regularity, and, in spite of nu-
merous obstacles, reaches the measure of the standard by
which it is regulated. ~For a time it appears stationary, as
to size, structure, and composition. By degrees, however,
the functions of this power are exercised with less energy ;
the fluids decrease in quantity, and the solids become more
rigid; the prelude to the total cessation of all its influ-
ence over the inorganic matter with which it is surrounded,
and the very organs which it has constructed.
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The term of duration is very different in different spe-
cies. While many mushrooms and insects are but the
i)eings ¢ of a summer’s day,” the stately oak and the vora-

_cious pike outlive centuries. In general, when the pre:
vious growth of an organized body has been slow, the pe-
riod of decay is protracted in proportion ; and, when ma-
turity has been quickly attained, decay as rapidly suc-
ceeds.

2. PossEssED OF IRRITABILITY.—Thereis in this power
which we are now considering, a disposition to be acted
upon by different external objects, and to exhibit the influ-
ence which these exercise by contractile or expansive move-
ments. . This faculty is termed Irrétability. It appears to
reside in the fibrous part of organized bodies. Plants ex-
hibit this power'in a very remarkable manner, upon expo-
sure to the light of the sun, bending their stenis, and turn-
ing their leaves in various directions, according to the inten-
sity and incidence of the rays. The pinnated leaves of cer-
tain plants exhibit the same power, when touched by any ex-
traneous body, the various leaflets collapsing in rapid suc-
cession. 'This is well displayed in Mimosa pudica and sen:
sitiva, Smithia sensitiva, and some others. Thé Hedysarum
gyrans, or Moving Plant, as it has been termed, exhibits
a motion inits leaves of a still more remarkable kind, re-
quiring a very warm still atmosphere for its production:
The leaf is ternate, and the lateral leaflets approach and
recede from one another, in a manner irregular as to time
and co-operation. But the example of vegetable irritability
which is most accessible in this country, is exhibited by the
Barberry-bush. Sir Jamrs Epwarp Smits, who first ob-
served the phenomenon, thus expresses himself: ¢ In this
(flower) the six stamens, spreading moderately, are sheltered
under the concave tips of the petals, till some extraneous bo-
dy, as the feet or trunk of an insect, in search of honey;
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touches the inner part of cach filament, near the bottom.
The irritability of that part is such, that the filament imme-
diately contracts there, and consequently strikes its anther,
full of pollen, against the stigma. Any other part of the
filament may be touched without this effect, provided no
concussion be given to the whole.  After a while, the fila-
ment retires gradually, and may again be stimulated ; and
when cach petal, with its annexed filament, is fallen to the
ground, the latter, on being touched, shews as much sen-
sibility as ever *." .

In another British plant, the Cistus helianthemum, which
is very common on dry rocky ground, the filaments, when
touched, execute a motion the reverse of that of the Bar-
berry. They retire from the style, and lie down in a
spreading form upon the petals. This curious example of
vegetable irritability was first pointed out by Dr Horg,
Professor of Chemistry at Edinburgh +.

In animals, this power is displayed by all muscles, in
different degrees of intensity, producing directly, the va-
rious Involuntary motions ; and indirectly, those which are
termed Voluntary. In the former of these, an action takes
place upon the application of a stimulus, independent of
the will; while, in the latter, the action takes place in the
muscle, in consequence of volition exercised through the
medium of the nerves. When the nerve of a muscle is
cut across, and direct communication with the brain thus
interrupted, the will ceases to exercise its controul over the
motions of the fibres; but involuntary motion, or the pe-
culiar irritability of the muscle, continues in foree.

By zoologists in general, the muscular fibre is regarded
as deriving this power from nervous energy; since, as they

* SaiTa’s Introduction to Botany, p. 325.

+ English Botany, vol. xix. No. 1321, f



VITAL PRINCIPLE. 13

suppose, every fleshy fibre is accompanied by a nervous
filament. Hence they conclude, that the peculiar motions
of a muscle, after the section of its nerve, depend upon the
portion of nervous pulp which it contains. By Harrgg,
and a few others, irritability is considered as a quality of
the muscular fibre itself'; and they adduce in support of
their opinion, the well known facts, that parts not muscu-
lar are not irritable, and that no proportion exists between
the degree of irritability and the number of nerves in any
part. ’

If the degree of irritability of any part be not in propor-
tion to the number or the size of the nerves with which it
is supplied, neither is it in the ratio of the number of its
muscular fibres. Different muscles, in the same animal,
possess dissimilar degrees of irritability; and the same
muscles, in different species, likewise vary in the intensity
of their action under similar exciting causes. Itis umpos-
sible to form a conception of irritability, in which the mus-
cular fibre shall not constitute the essential part. It is the
only portion of an organized body capable of exhibiting the
signs of its action; and, by consequence, the only part in
which we have any ground to believe that it exists. The
nerves, where present, may excite to action the muscular
fibre, by acting as stimulants ; but the same actions of con-
traction and expansion are performed in animals in which
uo nerves can be traced. In those animals, which belong
to the least perfect classes, the nervous pulp is supposed. to
be diffused throughout the different parts, communicating
to the muscular fibre its susceptibility of irritation. There
is reason, indeed, from analogy, to acknowledge the pro-
priety of the conjecture respecting this dissemination of the
source of nervous energy in the cases to which we refer ;
otherwise, how could the will of those animals execute its
purposes in the production of spontaneous motion. But

*
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when the muscular fibre appears to be equally susceptible
of irritation, when the nerves are no longer visible to our
senses, as when they are aggregated into perceptible fila-
ments, we are disposed to consider the quality as resident
in the fibre itself. And this opinion is confirmed, when the
attention is directed to the irritability of the vegetable
tribes. In this department of the organized kingdom, the
existence of nerves has not been demonstrated, nor even
rendered probable; yet the expansions and contractions
which vegetable fibres exhibit upon the application of sti-
mulants, indicate an irritability the same in kind with that
of animals, although its effects are not so rapidly displayed,
at the same time that they point out the place of its resi-
dence. ‘

M. Lamark, in the introduction to his valuable work,
¢ Histoire Naturelle des Animaux sans Vertebres,” Paris,
8vo 1815, vol. 1., refers some of the movements which are
here considered as indicating the existence of irritability
in plants, to the influence of the mechanical or chemical
powers, and others, to what he terms vital orgasm. All
these different actions, however, occur in connection with
the vital principle, and their entire dependence on the laws
of inorganic matter is a gratuitous assumption. With re-
gard to this orgasm of plants, it is identical with the irrita-
bility of animals, and seems to have been employed by this
author as a convenient ambiguous term, to aid him in his
peculiar views of systematical arrangement.

3. PossEssED oF INsTINCT.— In the exercise of those
various powers which produce and modify the size, shape,
structure, composition and duration of organized bodies,
there is a more immediate reference to the formation of the
individual, as it exists unconnected with surrounding ob-
jects.  'The power of irritability, on the other hand, forms

~amedium of communication not only with the different
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parts of the organized body, but with external objects, and
gives warning of the approach and retreat of salutary or
noxious particles. All its movements, however, are of a
passive nature. But the power which is now to be consi-
dered, though nearly related to irritability, is more varied
in its movements, as it excites us to act upon external ob-
jects. It is active, not passive.

As organized bodies, when they begin to enjoy an inde-
pendent existence, require food for their support, we might
concelve it possible for 3 young plant or animal, by means
of the irritability of the vessels, and those determinate powers
which have been enumerated, to arrive at maturity, in the ab-
sence of counteracting agents, were the different substances
necessary for their nourishment, always placed in contact
with the vessels fitted for their reception. But the supply of
nourishment, even where most abundant, is situated at some
distance. Besides, during the whole term of life, obstacles
and dangers interrupt and destroy the exercise of the various
functions. From the form, size and vigour of the living
bodies which we see arqund us, we may therefore infer the
existence of a power which regulates the movements which
are necessary to obtain a supply of food, to remove or
counteract opposing obstacles, and to fly from impending
danger, or repair the injuries which it may occasion. This
active agent, which appears to be an inseparable com-
panion of organized existence, we venture to denominate
Instinct, and shall now endeavour to point out a few in-
stances of its operations.

A. Regulates the Supply of Food—When the seed of a
plant is deposited in the soil, under circumstances favour-
able to its germination, the corcle expands, and, from the
nourishment furnished by the cotyledon, evolves the ra-
dicle and the stem. The former of these descends into
the earth, not according to the laws of gravitation, for it
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life would often be interrupted at its commencentent, and
few individuals would reach the period of maturity.” But
the same faculty which directs the first movements of the
organized body to obtain a supply of food, likewise assists
in removing or counteraeting opposing difficulties.

B. Obviates Difficulties.— When: the roots of a plant,
spreading in search of nourishment, meet with interruption
in their course, they do not cease to grow, but either at-
tempt to penetrate the opposing body, or to avoid it, by
changing their course. Thus, I have repeatedly seen the

crecping root of the T'riticum repens, or Couch-grass,

which had pierced through a potato that had obstructed
its course : and every one knows, that the roots of a tree
will pass under a stone, wall or ditch, and rise again on the
opposite side, and proceed in their original direction.

The Shipworm, Teredo navalis, an animal which perfo-

rates wood, in order to form for itself a habitation, and

which is well kniowni as most destructive to the timbers of
ships and harbours, in general, lengthens its cell by boring
in the direction of the fibres of the plank.. Should it hap-
pen to meet with the shell of another animal of the same
kind, or a knot in the wood, which it is unable to penetrate,
it changes its course, so as to avoid the obstacle; either by
a'slight curvature,. or by reversing its original direction.

When two trees of the same kind are planted, the one’

in a sheltered, and the other in an exposed situation, we
witness the display of this: faculty, now under considera-
tion, in a very remarkable degree. The former pushes
forth its roots in all directions, more especially where there
is the greatest supply of nourishment, and the highest tem-
perature; while the latter, which, wereit to act in the same

manner, would be speedily overturned, multiplies its roots:

in the direction of the strongest blasts, and these, acting like
2:
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the stays of a ship’s mast, preserve the trunk in its vertie
cal position.

In like manner, the Acorn-shells (Balani), when grow-
ing on the firm, even surface of a plank or shell, present a
regularity in the margin, and a narrowness of base, widely
different from the irregular spreading bottom of the same
species, when scated on the friable and uneven surface of a
rock. In the former case, the shells are frequently of a
cylindrical form ; while, in the latter, they are uniformly
approaching to conical. In a variety of other cases, which
might be brought forward from the Vegetable and Animal
Kingdom, where the obstacles are as various as the beings
which encounter them, we perceive a unity of purpose, and
a striking resemblance among the means employed for its
attainment.

This instinctive principle, while it regulates the means to
be employed in obtaining food and avoiding obstacles, like-
wise repairs the injuries to which organized bodies arc lia-
ble.

C. Repairs Injuries.—Plants are exposed to a greater
variety of accidents than animals. Destitute of the loco-
motive faculty, they neither can fight for victory, nor re-
treat for safety. In some cases, it is true, they close their
flowers, or hang down their heads, to defend the unripe
pollen from the heat, the wind, or the dew. But though
they do not in general possess the means of avoiding inju-
ries, they are abundantly provided with the power to re-
pair them. Thus, when the branch of a tree is torn from
the stem, the bark accumulates around the wound, and, in
time, covers the offensive scar. The plants with which we
form our hedges, still live, though sadly mutilated by the
shetirs, and push forth afresh those branches and leaves
necessary to the continuance of their being. The utility,
indeed, of many of our culinary vegetables, such as parsley,

2
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life would often be interrupted at its commencenent, and
few individuals would reach the peried of maturity.” But
the same faculty which directs the first movements of the
organized body to obtain a supply of food, likewise assists
in removing or counteracting opposing difficulties.

B. Obviates Difficulties— When  the roots of a plant,
spreading in search of nourishment, meet with interruption
in their course, they do not cease to grow, but either at-
tempt to penetrate the opposing body, or to avoid it, by
changing their course. Thus, I have repeatedly seen the
creeping root of the T'riticum repens, or Couch-grass,
which had pierced through a potate that had obstructed
its course : and every one knows, that the roots of a tree
will pass under a stone, wall or ditch, and rise again on the
opposite side, and proceed in their original direction.

The Shipworm, Z'eredo navalis, an animal which perfo-
rates wood; in order to formy for itself a habitation, and
which is well knowni as most destructive to the timbers of
ships and harhours, in general, lengthens its cell by boring
in the direction of the fibres of the plank. Should it hap-
pen to meet with the shell of another animal of the same
kind, or a knot in the wood, which it is unable to penetrate,
it changes its course, so as to avoid the obstacle, either by
aslight curvature, or by reversing its-original direction.

When two trees of the same kind are planted, the one
in a sheltered, and the other in an exposed situation, we
witness the display of this- faculty, now under considera~
tion, in a very remarkable degree. The former pushes
forth its roots in all directions, more especially where there
is the greatest supply of nourishment,-and the highest tem-
perature ; while the latter, which, wereit to act in the same
manner, would be speedily overturned, multiplies its roots
in the direction of the strongest blasts, and these, acting like

2
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the stays of a ship’s mast, preserve the trunk in its verti~
cal position.

In like manner, the Aeorn-shells (Balani ), when grow-
ing on the firm, even surface of a plank or shell, present a
regularity in the margin, and a narrowness of base, widely
different from the irregular spreading bottom of the same
species, when scated on the friable and uneven surface of a
rock. 1In the former case, the shells are frequently of a
cylindrical form ; while, in the latter, they are uniformly
approaching to conical. In a variety of other eascs, which
might be brought forward from the Vegetable and Animal
Kingdom, where the obstacles are as various as the beings
which encounter them, we perceive a unity of purpose, and
a striking resemblance among the means employed for its
attainment.

This instinetive principle, while it regulates the means to
be employed in obtaining food and avoiding obstaeles, like-
wise repairs the injuries to which organized bodies are lia-
ble.

C. Repairs Injuries—Plants are exposed to a greater
variety of accidents than animals. Destitute of the loco-
motive faculty, they neither can fight for victory, nor re-
treat for safety. In some cases, it is true, they close their
flowers, or hang down their heads, to defend the unripe
pollen from the heat, the wind, or the dew. But though
they do not in general possess the means of avoiding inju-
ries, they are abundantly provided with the power to re-
pair them. Thus, when the branch of a tree is torn from
the stem, the bark accumulates around the wound, and, in
time, covers the offensive scar. The plants with which we
form our hedges, still live, though sadly mutilated by the
shears, and push forth afresh those branches and leaves
necessary to the continuance of their being. The utility,
indeed, of many of our culinary vegetables, such as parsley,

12
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cives and cresses, depends on the displays of this repairing
power. But the indications of its existence which have al-
ways appeared to me the most extraordinary, are exhibited
by trees. In a young silver-fir, (Pinus picea), for exam-
Ple, I have seen the central vertical shoot cut off, so that the
tree must have ceased to increase in height, unless there had
been some repairing power, as the lateral branches invariably
expand in a horizontal direction. But one of these lateral
branches has begun to change its position ; and, by bend-
ing itself upwards, at last assumed a vertical direction, and
became the leading shoot and: trunk of that plant, of which
it was formerly a subordinate branch. It has sometimes
happened, that more branches than one changed towards
the vertical direction, and thus rivalled each other in their
attempts to repair the loss of the original stem.

Animals, as we have already stated, can, in many in-
stances, protect themselves from accidents, by resistance or
retreat. But, when wounded, this renovating power is
often exerted in an astonishing degree, in repairing lacerated
muscles, cementing broken bones, closing ruptured vessels
and supplying the loss of extravasated juices. In the
lower orders of animals, the loss of amputated parts is
speedily supplied by the production of new organs, as takes
place with the tails of serpents, and the claws of lobsters;
or the detached parts, when placed in favourable circums«
stances, evolve themselves into separate and independent in-
dividuals, as is the case with the common fresh water polypus.

It would have been easy to have multiplied examples of
the display of this instinctive power in repairing injuries,
were those which have been produced not sufficient to de-
monstrate its existence, and mark the characters by which
it is distinguished.

4. Possessed of @ Procreative Power.—The power which
we have been considering, as displayed in the arrangement
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of the parts of an organized being, and in regulating the
motions which are necessary to provide food, remove ob-
stacles, or repair injuries, is likewise exerted, in a determi-
nate manner, in each species propagating individuals of a
similar kind. Without this resource, the race would pe-
rish with the dissolution of the primitive stock. It is true,
that the circumstances under which organized bodies are
produced, are widcly different in the Vegetable and Ani-
mal Kingdoms, and in the subdivisions of these great tribes.
But there is at least one point of resemblance. The living
power is first employed in the formation of the individual ;
and, during the developement of the several organs, the
procreative instinct is dormant. But when the organized
body approaches maturity, there is, as it were, an accumula-
tion of vital energy, which gives birth to a new individual.
These different operations of living beings, which we
have thus briefly enumerated, can never be regarded as the
effect of their peculiar organization. The organs are formed
according to a uniform and determined plan, from inorganic
. matter, collected from various sources, and arranged, accord-
ing to the species, on different models. By what power,
then, does this organization take place? And what is the
nature of that principle which regulates animated beings?
We have already taken notice of the laws by which it
is reguldted in the constitution, duration, and continuance
of organized bodies. These make us acquainted svith the
existence of a principle, different from any of those which
the mechanical or chemical philosophers have investigated
with so much success. This power has been denominated
The Living or Vital Principle ; and the phenomena which
it exhibits, are included in our idea of Life¢ or Vitality.
This vital principle, then, so far as appears to our senses,
can only reside in organized bodies. The connection is
temporary, and may be dissolved by various circumstances:;
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and it is capable of being divided or multiplied bythe process
of generation. In the various kinds of organized bodies, it ex-
hibitsits different qualities, according to the structure of the
fabric which it animates ; hence we must conclude, either
that the same principle is modified by the substances which
it pervades, or that there are many different kinds. If we
adopt the practice of the chemist, when examining the ele-
-mentary bodies, and.their combinations, and consider those
substances distinet in kind, whose affinities and appearances
are different, we must conclude, that there are different
kinds of vital principles, distinguished by different affinities
for the various kinds of inorganic matter, and forming,
-with these, combinations, whose peculiar characters are ob-
vious and precise. In all organized bodies, we witness an
origin, progress and termination ; but, in each species,
these circumstances exhibit some peculiarity which is not
,observable in any other species. 'We are, therefore, led to
conclude, that there are as many different kinds of vital
principles, as there are species in nature. Hence all the
knowledge which we possess regarding the structure and
functions of different kinds of organized beings, is, in fact,
a knowledge of the attributes of the different vital princi-
ples from which these have originated ; and our systemati-
cal arrangements, an attempt towards their classification.
Even the vulgar, talk of the life of plants as distinet in
principle from that of animals, although they seldom carry
their views on this subject so far as to admit of any inferior
division.

11. Conditions necessary for the Existence of the Vital
Principle—~It is, doubtless, a curious subject of inquiry,
to ascertain those conditions which are necessary to the
display of this principle of life, or the circumstances under
which it is generated or excited to action. Our knowledge
* of organized bodies, however, is still too imperfect to en-
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able us to accomplish this task. It scarcely warrants us to
Thope that the object is attainable. 'We know, however,
that the following circumstances are invariably present,
whenever the vital 'ﬂprinciple begins to exhibit its.move-
:anents.

1. 4 Parent.~—Previous to the.independent existence of
a plant-or animal, it is necessary that they shall have form-
ed a part of some other body similar to themselves. This
condition is ascertained in so satisfactory a.nanner, in the
case of the more perfect organized beings, as to preclude
the possibility of a doubt. There are, however, many
plants and animals, with whose manner of growth and
mode of propagation, we are so imperfectly acquainted,
that we must rely upon the evidence of analogy for the
conclusions which we form with respect to their origin.
But as all the living bodies whose history has been stu-
died with care, have evidently participated in the existence
of other living bodies, before they exercised the functions
of life for themselves, the presumption, that the same kind
of generation takes place in eyery organized body, offers all
the claims of a legitimate deduction. Life, then, may be
considered as proceeding from life, as transmitted from one
individual to another, and as dating its actwﬂ_origin from
the period when the voice of Omn@potcnc,e .uttered the
words, ¢ Let the Earth bring forth.” ' ‘

The ancients, whose opinions respecting-the -nature of
generation were necessarily obscure, from the want of pro-
per instruments and methods of observation, considered
living bodies .as produced in two different ways. In the
Afirst, exemplified .in the case of .the more perfect animals
.and vegetables, .they considered organized .bodies as pro-
«ceeding from other organized bodies, by.a process which is
termed Univocal or Regular Generation. In the second,
they supposed that the putrefaction of .different bodies,
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aided by the influence of the sun, gencrated life in the less
perfect organized beings, such as mushrooms and worms.
This has heen termed Equivocal or Spontaneous Genera-
tion, and appears to have been devised by the Egyptians,
to account for the hosts of frogs and flies which appeared
on the banks of the Nile, on the ebbing of its periodical
inundations. It was adopted by ArisToTLE, and still con-
tinues to be supported by a few naturalists.

We have already stated, that the origin of life by uni-
vocal generation, is demonstrated by direct proof and
powerful analogies. Nor is it at all difficult to give an ex-
planation of those appearances on which the whole fabric
of the theory of equivocal generation rests.

In the case of plants, some have supposed that the
growth of the fungi, the mushroom among dung, and
the other parasitical plants which appear on putrid flesh
and fruit, might be regarded as examples of the truth of
this theory. But the microscope makes us acquainted
with sceds of these plants, and experiments prove that
these seeds are prolific. The characters by which the dif-
ferent species may be distinguished, though minute, are
permanent ; and individuals of the same species appear in
a variety of situations,— circumstances these, not to be look-
ed for, in beings generated by corruption, or formed from
the fortuitous concourse of atoms.

The animalcules which make their appearance in water
in which vegetable or animal substances have been infused,
seem at first sight to favour this ancient doctrine. But, in
these cases, the species have decterminate characters, exhi-
bit always the same proportion of parts, and transmit their
vitality to their descendants, after the manner of animals of
larger growth. Is it probable, therefore, that if these ani-
malcules were produced by the spontancous aggregation
of particles contained in these infusions, that they should
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be controlled by the same laws which regulate the offspring
of univocal generation, as to form, structure and duration ;
and that the same beings should be able to continue, by
transmission, that life which they derived from accident ?
The most rational explanation which can be given of the
appearances of these plants and animals, in such places, is
derived from the consideration of the smallness of their
seeds or eggs, which may be carried about by the winds,
and showered down along with the rains, so as to enter
with facility into every situation. They cannot, how-
ever, expand, unless in circumstances favourable to
their future growth. Thus the soil, in which alone the
beautiful little plant called Monilia glauca makes its ap-
pearance, is the surface of putrid fruit; while the small
animal termed Vibrio aceti, requires for its growth, vinegar,
which has been exposed for some time to the air. This
view of the matter is still farther strengthened by the almost
indefinite length of time, during which, certain seeds re-
tain their power of germinating; and certain animals, in a
torpid state, the faculty of reviviscence.

‘We are thus led from the phenomena which owramzed
beings present, to reject the theory of equivocal genera-
tion, and to admit the important conclusion of HarvEY,
Exz 0vo omnia. But the manner in which these eggs or
germs are produced, has furnished matter of curious spe-
culation to the physiologist. By some, it has been sup-
posed, that the germs of all the plants and animals that
have been, or ever shall be, in the world, were really all
formed within the first of their respective kind,—to be
brought forth in a determinate order. This T%ecory of
Evolution, as it has been termed, is in a great. measure the
result of microscopic observations, assisted by preconceived
views. There is one circumstance, however, which not
only receives no explanation upon the principles of this
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theory, but stands in opposition, viz. the production of
hybrids, or the offspring of the unicn of the males and
females of different species or genera. Thus, in the case
of the mule, the produce of the ass and the mare, which
partakes of the qualities of both parents, it is obvious,
that the pre-existent germ of the female was more than
stimulated to life;b)' the sexual umnion,—that its structure
was likewise changed, and that all the germs of its future
offspring were likewise annihilated, since mules are seldom
fertile. It fails, likewise, to account for the superior fer-
tility of cultivated plants or domesticated animals

Before dismissing this part of our subject, it is necessary
to take mnotice of those facts illustrative of the origin of
organized beings, which have been ascertained by the re-
searches of modern geologists. In investigating the struc-
ture and composition of the rocks which constitute the
crust of the earth, it is observed, that they enclose the
remains of animals or vegetables, more or less altered in
their texture. Presupposing that those rocks on which all
the others rest are the most ancient; and after dividing
them according to their age, as determined by their super-
position, it has been ascertained, that the organic remains
found in the older rocks differ from those which occur in
the more recent strata, and that they are all different from
the plants and animals which now exist on the surface
of the globe. It likewise appears, that the petrifactions
contained in the newer strata, bear a nearer-resemblance to
the existing races, than those which belong to the rocks of
an older date. That the remains of those animals which
have always been the companions of man, are only to be
found in the most recent of the alluvial deposites. In the
older rocks, the impressions of the less perfect plants, such
as ferns and reeds, are more numerous than those of the
dicotyledonous tribes, and the remains of shells and co-
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rals abound, while there are few examples of petrified fish.
In the more recent strata, the remains of reptiles, birds
and quadrupeds, occur, all of them differing from the
existing kinds.

Attempts have been made to account for these circum-
stances by supposing, that the present races.of animals and
vegetables, are the descendants of those. whose remains
have been preserved in the rocks, and that the difference
of character may have arisen from a change in the physi-
cal constitution of the air, or the surface of the earth,
producing a corresponding change on the forms of orga-
nized beings. The influence of cultivation on vegetables,
of domestication on animals, and of climate on man him-
self, may be considered as strengthening the conjecture.
But there are several difficulties which present themselves
to those who adopt this opinion. The effect of circum-
stances on the appearance of living beings, is circumscri-
bed within certain limits, so that no transmutation of species
was ever ascertained to take place ;—and it is well known,
that the fossil species differ as much, nay more, from the
recent kinds, as these last do from one another. It re-
mains, likewise, for the abettors of this opinion, to connect
the extinct with the living races, by ascertaining the inter-
mediate links or transitions. This task, we fear, will not
be executed speedily.

There is yet another view of the matter which suggests
itself. = If the seeds of some plants, and the eggs of certain
animals, be so minute as to be excluded with difficulty
from any place to which air and water have access, and if
they are capable of retaining, for an indefinite length of
time, the vital principle, when circumstances are not fa-
vourable to its evolution, the crust of the earth may be
considered as a mere receptacle of germs, each of which is
ready to expand into vegetable or animal forms, upon the
occurrence of those conditions necessary to its growth.
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According to this view, the germs of the ferns and palms
first expanded their leaves, and afterwards those of the sta-
miniferous vegetables. With regard to animals, it may be
supposcd that the germs of the zoophytes only, were first
disclosed ; afterwards those of the testaceous mollusea ; and,
finally, those of the vertebral animals: That the organized
beings of the first periods flourished during the continuance
of the circumstances which were suitable to their growth ;
and that the change which prepared the way for the evolu-
tion of those which lived at a subsequent period, contributed
to the extinction of the earhier races.

According to this statement, there is little difficulty in
accounting for the extinction and revival of the different
races of the less perfect animals and vegetables, whose
germs appear, even at present, to be regulated according
to such circumstances. But it offers no solution of the
difficulty attending the preservation of the germs of the
more perfect amimals, many of which are inseparably con-
nected with the parent, and require the continuance of’ her
life to preserve vitality until the period of evolution. If,
then, the present races of quadrupeds did not exist at the
time when the mammoth and the other extinet quadrupeds,
whose bones Cuvikr has described with so much accuracy,
were the denizens of our plains, at what period, and under
what peculiar physical circumstances, were they called into
being? Is the generation of organized beings simultaneous
or successive? Have they all been created at once ; but,
in the progress of time, so modified by the influence of ex-
ternal agents, as now to appear under different forms?
Or have they been called into being at different periods,
according as the state of the earth became suitable for their
reception *. The latter supposition is countenanced by
many geological documents.

~ * Sce Cuvier's ¢ Recherches sur les Ossemens Fossiles de Quadrupedes,”
1812, 2



VITAL PRINCIPLE. 29

2. Moisture.— After the germ has been produced by the
vital force of the parent, a determinate quantity of mois-
ture appears to be necessary to enable it to exercise the
functions of an independent being. In the case of the seeds
of plants, and the eggs of all the aquatic animals, the vital
spark, though existing, is unable to display its energies
when placed beyond the influence of water. Even after
the germs have expanded into maturity, the abstraction of
moisture frequently produces a cessation of every func-
tion. This assertion may be verified, by placing a snail in
adry situation during the summer. Animation becomes sus-
pended, and will continue so for several years, but will re-
turn upon moistening the shell with water. Similar effects
may be observed with many of the infusory animalcules.

These facts have given rise to the opinion which very ge-
nerally prevails, that the vital principle resides in the solids,
as solids, and that, by means of moisture, it exerts its in-
fluence on inorganic matter. Others, on the contrary,
considering that the fluids furnish the materials for the
construction of the different organs, and are indispensably
necessary in the various processes of absorption, secretion,
and every other function, consider that the vital principle
resides in the fluids. ‘Harvey and HuNrEr assert, that
both the blood and the chyle have life; while ALsrNus is
disposed to grant it even to the excrement. Itis, however,
probable, that the living principle resides both in the solids
and fluids, as we can form no conception of an organized
body that does not consist of vessels and contained fluids;
neither have we an idea of life that does not include the
motion of these fluids.  The vital principle may be retain-
ed, though inactive, even after a considerable part of the
fluid has been extracted ; and, in the case of the snails
and animalcules, revive upon the addition of water. But
there is not a single experiment which countenances the idea
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of the vital principle being retained by the solids after ab-
solute desiccation.

The quantity of fluids necessary to the exercise of the
functions of organized bodies is very various, according to
the species. How different the dry powdery appearance
of many of the lichens, compared with the watery tremella,
or the hard stony substance of the commen coral (Coralli-
na polymorpha), from the gelatinous and transparent me-
duse. In all cases, the quantity of fluid is greatest du-
ring the period of growth, and decreases beyond the term
of maturity. Hence the plumpness and flexibility of
youth,—the aridity and stiffness of age.

8. Temperature.—The two circumstances which we have
already pointed out as necessary to the commencement and
continuance of the vital functions, are nevertheless insuffi-
cient for the purpose, without the aid of a suitable tempera-
ture. Unless supplied with heat, the seeds of plants do
not germinate; and the eggs of animals are not hatched.
Even after the commencement of the living action, anima-
tion is suspended or destroyed, when the temperature sinks
below a certain degree, which differs according to the spe-
cies. In some animals, reviviscence and torpidity may be ;
produced by turns, by the communication or abstraction of
caloric.

In many cases, where an clevated temperature; or one
higher than the surrounding medium is required, as in
some plants during the fecundation of the seed, and in
wirm blooded animals, organs are provided which occasion
the evolution of ealoric; and, when this fluid ceases to be
produced, the functions of life are suspended or destroyed.
In general, when the temperature descends to the freezing
point, animation is cither totally destroyed or suspended ;
and, below that temperature, circulation ceases, and the
fluids congeal. Life is likewise destroyed by a tempera-
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ture approaching the boiling point. "Lhe tendency of the
fluids to fly off in vapour, becomes too great for the vital
power to restrain.-

As the medium in which organized bodies live, is sub-
jeet to great variations of temperature, it s obvious, that
unless Nature had provided some means of defence, many
races would soon be extinguished, and others confined in
their operations. But, in all the situations in which-orga-
nized bodies are placed, the means of protection against the
vicissitudes of temperature are liberally provided. The
locomotive faculty assists their escape from the scene of
danger ;. and, where this is wanting, a coverihg of a body
which conducts heat imperfectly, is bestowed to prevent
the diminution of temperature, and various means are
every where employed to check its pernicious increase. It
is probable, that all organized beings, vegetable as well as
animal, have an inherent power of generating cold or heat,
according as circumstances require. Some curious experi-
ments were performed in illustration of this subject by
Hu~rEeR *

But the resources-of organized bodle + employed to se-
cure a suitable temperature, may be dlscovered in the
circumstances of their physical distribution. Some are
found subsisting under the influence of a vertical sun,
while others survive the piercing colds of the arctic re-
gions ;. some prefer the'sea-shore, others the summit of the
mountains ;. some live in the water, others on the dry land..
To these different circumstances, there is an admirable
adaptation of structure and disposition with respect to tem-
perature ; so that no part of the earth or the waters can be:
considered as destitute of life. In these different stations,
the different species can perform all the functions of exist-

¢ Phil. Trans. 1775,-1778:
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ence, the condition of the living body being suited to the
place of its residence. But it may be asked, Is there no
particular degree of heat in which the living principles dis-
play their energies with the greatest vigour? To this it
may be answered, That the species of organized beings
are much more numerous towards the equator, than in
any of the other distriets of the earth ; that their numbers
decrease as we approach the poles; and that the same de-
crease may be observed on leaving the sca-shore, and ad-
vancing towards the mountains. These facts seem to indi-
cate a mean temperature of about 84° Fahr. the average
mean heat of the equatorial regions, as the most favourable
for the increase of living beings; since they decrease im
number and variety as we approach the poles, with the pro-
gress of the diminution of temperature.

The influence of temperature, in modifying the appear-
ances of organized bodies, is by no means considerable.
Among plants, the size appears to be influenced by this
cause, the tallest being found in the warm countries, while
those of the colder regions are of more humble growth.
It is probable, however, that, in this case, the agency of
winds in diminishing the size, is more effectual than the
decrease of temperature. 'With regard to animals, size ap-
pears but little influenced by temperature. The whales of
the arctic seas are the largest animals in the world ; while
the land quadrupeds of the warm regions are larger than
those in temperate climates. But the irregularitics which
present themselves, forbid the establishment of a general
rule. i

In every case, then, we witness heat necessary, not only
to enable the vital principle to execute its first movements,
but the functions of existence in every period. It appears,
indeed, to be the principal exciting cause of vital energy,
~ from the commencement to the termination of its actions.
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4. Atmospheric Air.—If we suppose the existence of a
germ ready to expand, and furnished with a sufficient quan.
tity of moisture, and a suitable temperature, still, there is an-
other condition necessary to enable the living power to pro-
ceed to execute its functions,—the presence of atmospheric
air. The decomposition of this fluid takes place wherever
there is living action. The portion of oxygen which it con-
tains disappears, and carbonic acid is substituted in its place.
These effects are produced by the sceds of plants, and the
eggs of animals. Nor is this decomposition confined to the
first stages of life: for we find the stems and leaves of plants,
—the skin and lungs of animals, requiring a constant sup-
ply of air; and, when this is withheld, decay and dcath
supervene. Judging from the most accurate experiments
which have been made on the subject, it appears to be de-
monstrated, that living bodies produce a superfluous quan-
tity of carbon, and that the presence of the oxygen gas of the
atmosphere is required to convert this into carbonic acid, for
the purpose of removing it more easily from the system. The
azotic gas in the atmosphere does not appear to exert any
positive influence on living bodies. It apparently serves
only to dilute the oxygenous portion.

5. Nourishment.—For the purpose of supplying mate-
rials for the increase of the structure, and the repair of the
waste which always results from living action, nourishment
is necessary for all organized bodies, and is sought after,
at stated periods, whenever the system is exercising its func-
tions. It is more or less fluid ; and differs both with regard
to its composition and quantity, according to the species.

Life, then, requires the germ to have been detached
from a parent, supplied with moisture, excited by heat, and
furnished with air and food.

IT1. Modifications of the Vital Principle.—~Having thus
attempted to ascertain the conditions necessary to the

VOL. I. c
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commencement of life, and to the exercise of its func-
tions, let us now attend to some of the phenoinena present-
ed by organized bodies during the continuance thereof.
When all the organs are in such a degree of perfection as
to be able, easily and durably, to perform the functions of
life, the body is said to be in a state of Health. The an-
cients recognized a Goddess, who was supposed to preside
over this condition, whom the Greeks termed “Yousier, and the
Romans Salus.

When we consider the situation in which organized bo-
dies are placed on the surface of the globe, the changes
which take place in the quantity and nature of their food,
the variations in the temperature of the surrounding ele-
ments, besides the occurrence of an infinite variety of acci-
dents,—all calculated to retard or derange their motions,
we may expect to find many individuals, in which the har-
mony between the different parts is interrupted, and the
functions of particular organs suspended,—producing a con-
dition the opposite of health, termed Disease. The unin-
terrupted influence, indeed, of external objects, acting
either directly or indirectly, precludes the possibility of an
organized body enjoying perfect health for any length of
time. These obstacles, however, are in part removed, by
the power which each individual possesses of accommoda-
ting itself to circumstances; of varying, within a certain
range, its form, structure, and actions; of repairing inju-
ries ; and of continuing to live, though in part mutilated.
Such displays of the vital power are familiar to the Phy-
sician, and constitute the very basis of the healing art.

Besides the destructive influence of external objects, we
may refer many of the diseases which assail organized bo-
dies, to some imperfection or derangement of the vital
principle itself. "This is obviously the case, when an organ
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is either increased or diminished beyond its ordinary size,
thereby destroying the proportion which should prevail be-
tween all the members; or, when one organ ceases to exer-
cise its own appropriate functions, and- performs those for
which other organs are constructed. Organized beings, in
which such modifications prevail, are termed Monsters.
That monsters should occur among organized beings, need
not surprise us, if we reflect upon the number of the ves-
sels in which the living process is performed ; the different
properties of the matters acted upon ; the endless varieties
of combination and decomposition, of absorption and secre-
tion, which take place. It may rather excite our astonish-
ment, that, among living beings, so few are to be found,
whose parts do not preserve their true proportions, or whose
organs exercise functions which are foreign to their nature.
Monsters may, with propriety, be divided into two kinds.
In-the first, there is an excess or deficiency of a particular
part, by which the relative proportion of the different or-
gans is destroyed. The common garden-carrot may be
produced as an example. In the wild state, the root is
small, at the same time that it appears fitted to act both as
an organ of nourishment and support to the stem with
which it is connected. When cultivated, the root attains a
much larger size, and the original proportion between it
and the stem is greatly changed. The same holds true
with regard to the turnip, and nearly all the roots which
are cultivated for culinary purposes. The cabbage has be-
come monstrous by the excess of its leaves; the tulip by
the size and the shape of its petals; and our most highly
esteemed fruits, by the disproportionate magnitude of the
pericarp. In the Animal Kingdom such obvious instances
of monstrosity of this kind are of rarer occurrence. There
is usually a greater harmony among. the parts; so that the
c@

~
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increase or diminution of one ergan is accompanied with
corresponding changes in all the others. But, when ob-
served with attention, the different breeds of our domestic
animals exhibit such monstrosities. Lhe size of the body,
when compared with the limbs ; the presence or absenee of
horns ; the length or shortness of fur, are all indications of
the deranging influence of domestication.

The second kind of monstrosity, and undoubtedly the
most remarkable, consists in the substitution of funetion,
which sometimes takes place among the organs. In con-
sequence of this change, parts are produced in situations
where they do not occur in the healthy state; while other
parts disappear, which are essentially necessary to the har-
mony of the whole. Thus with regard to plants, Sir
James E. Smirun has observed (and we have witnessed
the same appearance,) the double-flowering cherry with the
pistil changed into a leaf *. But although the form and
function of the organ were thus changed, the new produc-
tion was not foreign to the system, as it resembled exactly
the common leaves of the branches. The stamens of the
rose are frequently converted into petals; and, in conse-
quence of the change, acquire the agreeable perfume pecu-
liar to the organ into which they have been metamorphosed.
On the other hand, when the stamens of the Meadowswecet,
(Spirzea ulmaria,) upon the flower becoming double, change
into petals, they lose all the fragrance which they would
have possessed as stamens, the petals into which they have
passed being scentless. In all these instances of monstro-
sity, we observe, that, although an alteration takes place,
both in the structure and function of an organ, it is only in
exchange for the character of another organ, peculiar to the
system to which it belongs. The pistil of the cherry did

Introduction to Botany, p. 275.
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not assume the leaf of the rose; nor did the stamens of the
rose change into the petals of the meadowsweet. In no
case i1s there a mixture of the character of other specics.
Each preserves, amidst its greatest changes, that individua-
lity of constitution by which its vital principle is distinguish-
ed.

In animals, monstrosities of a similar kind prevail. Thus
in the human ovarium, concretions of hair, and even teeth
have been found ; substances which, in ordinary cases, are
fabricated in the uterus ; and all this in the absence of sexual
intercourse *,

In many parts of the human body, encysted tumors have
been observed, covered internally with skin, producing
hairs. That such organs have assumed the functions of the
skin, is obvious from the portions of detached cuticle and
hairs found in the cyst, which have been thrown off in suc-
cession, In these instances, which occur in other animals
as well as man, the hair corresponds, in appearance, with
that which grows upon other parts of the body. Hence
when encysted tumors of this kind form in sheep, they
contain wool. Tumors likewise occur on different parts of
the body, producing horny excrescences. A figure of a
production of this kind, cut from the head of a woman in
Edinburgh, in 1671, and deposited in the Library of the
College, is given by Sir Rosext Siesarp . Similar in-
stances have occurred in England, and other countries.
Although usually termed Horns, they are cssentially diffe-
rent from the armature of the ruminating quadrupeds.
They have no ¢ore upon which they have been formed ;
consequently they are destitute of a central cavity. They

® Dr BaiLie’s ¢ Account of a Change of Structure in the Human Ova-
rium.”—Phil. Trans. 1789, vol. Ixxix. p. 71.-78.

+ ¢ Scotia Illustrata,” tab. xi, fig. 23. part i. p. 60.
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are not connected with the skeleton, but produced by the
skin, and differ in nothing but shape from the nails of the
fingers or toes. Where such excrescences have been ob-
served on sheep, they have resembled the substance of the
hoof *,

In all these different instances of monstrosity, in the Ani-
mal Kingdom, (and many similar cases might have been
enumerated,) in which certain organs perform functions
which are unnatural to them, we still find limits assigned
even to these aberrations. The new parts, how extraordi-
nary soever they may appear, are still similar to the parts
of some other portion of the system. The organs which
characterise one species, are never produced on other spe-
cies as monstrosities ; so that there is no mixture or trans-
mutation. The functions of a system may thus be deran-
ged, and the harmony of its parts destroyed ; but to such ir-
regularities there are bounds which are never exceeded +.

These occurrences, which take place during the conti-
nuance of life, serve greatly to'shorten its duration. Neither
dwarfs nor giants survive the usual period of existence. The
attainment of the senile evdarzriz, so anxiously wished for
by all, only takes place when there is an equilibrium be-
tween all the organs; when each organ exercises its own
peculiar actions; and when the body escapes the destruc-
tive influence of external accidents. Previous to the disso-
lution: of the fabric, we witness a rigidity of the vessels; a
deficiency of the fluids; and a cessation of motion. The
vital principle then deserts the body which it has construet-

* Sce Sir Eveasnp Houe's “ Observations on Horny Excrescences of the
Human Body.”—Phil. Trans. 1791, vol. Ixxxi. p. 95.-105.

+ The reader will find some short but pertinent remarks on this sub-
Ject, by Dr Barcray, ¢ On the Causes of Organization.” —Memoirs of the
Wernerian Natural History Society, vol. ii. part. 2. p. 537.-546.
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ed, and surrenders it to the influence of the laws of inorga-
nic matter. 'This last state is termed Death.

We have already stated, that the vital principle, in the
formation of an organized body, acts in direct opposition to
the laws of chemistry or mechanics. With the cessation,
therefore, of the influence of the one, and the continued
combined operations of the others, we may anticipate very
remarkable changes. Perhaps the appearances of death
which first present themselves to our notice, proceed from the
influence exerted by the Jaws of mechanics. In obedience
to the power of gravitation, the pliant twig hangs down,
and the slender stem bends. In animals, the body falls to
the ground ; the pressure of the upper parts flattens those
on which the others rest ; the skin stretches out; and the
graceful rotundity of life is exchanged for the oblateness of
death. The laws of chemistry then appear to operate, in
the production of the cadaverous smell, the prelude to pu-
trefaction, when dust returns to dust.

CHAP. IIL

THE DISTINGU1SHING CHARACTERS OF ANIMALS AND

VEGETABLES.

H avixe endeavoured to ascertain those characters which
are common to all orgarized bodies, it now remains that we
mark the limits which separate these into the two great
kingdoms of Animals and Vegetables, into which they have
been divided by the universal consent of mankind. The
undertaking may be regarded as peculiarly difficult, if we
judge from the variety of definitions which have been given,
and the still unsettled state of opinion among naturalists on

~
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the subject. Part of this difficulty, however, may be re-
ferred to the employment of ambiguous phrases, and to in-
attention to the number and character of those properties
which are common equally to plants and animals. But the
greatest share may be traced to the practice of examining the
doubtful objects, without attending to all their relations,—by .
comparing the less perfect animals with some of the quali-
ties of the most perfect plants, and by allowing our opinions
to be influenced by circumstances connected with mere size
and form.

When we compare together those animals and . plants,
which are considered as occupying the highest stations in
each kingdom, we perceive that the characters by which
they may be distinguished, are obvious and well defined.
But when we descend to the animals and plants which oc-
cupy the lowest stations, and perceive that they are less
complicated in their structure; exercise few functions be-
sides those which are essential to living bodies; and, in
consequence, present only obscure points of difference, we
may be led into the supposition that, at a certain link of
the chain, the two kingdoms coalesce. ~'When, however,
we examine all the characters which the imperfect plants
and animals exhibit, we shall be able to trace the relations
which connect these minute and obscure species, with those
in which the characteristics of the kingdom to which they
belong are more fully developed. In order to illustrate
this subject still farther, and attempting to guard against
the errors into which others have been betrayed, we have
already enumerated those characters which are essential to
the existence of organized bodies ; and propose now to con-
sider the marks by which animals may be distinguished
from plants.

1. Animals differ from Plants in Composition.—The es-
sential clements of organized atter appear to be carbon,
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oxygen, hydrogen, and.azote, together with alkaline and
earthy salts. These ingredients are variously combined,
according to the species; but, when examined in a general
view, they appear to unite according to a different plan in
each kingdom.

The solid parts of all plants, termed the woody fibres,
contain carbon, oxygen, and hydrogen, with scarcely a
trace of azote. Sometimes there is a quantity of silica in-
corporated with the common integuments. The solid parts
of animals consist of lime or magnesia, united with carbonic
or phosphoric acids. In those beings, of both kingdoms,
which appear to be destitute of solid parts, the points of
difference are still numerous. We find the mucilage or
gum of soft plants, differing widely from the gelatine or
albumen of soft animals; the former being destitute of
azote, which enters as a constituent in the latter. In
some plants, substances of an animal nature, (or abound-
ing in azote,) have been detected; not, however, consti-
tuting a whole plant, but only occurring in certain situa-
tions, and always in company with other substances of a
decidedly vegetable nature; or consisting only of carbon,
hydrogen, and oxygen. In the soft animals, there is no
extensive combination of carbon, hydrogen, and oxygen,
into which azote does not enter ; or, in other words,
no substance of a vegetable kind. In consequence of this
difference of composition, animal and vegetable matters
may be easily distinguished, when burning. The odour
of each is so peculiar, that the test may be safely employed
by the most inexperienced. Besides, as vegetables abound
in oxygen, they have a tendency, after death, to become
acid by its new combinations with carbon and hydrogen ;
whereas, the soft parts of animals, after death, are disposed
to become alkaline, the azote entering into new combina-
tion with the hydrogen, and forming ammonia.
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By the aid of this chemical character, the sponge and co-
ral, the only beings which make any thing like an ap-
proach to the vegetable tribes, may be demonstrated to agree
with the other members of the animal kingdom, in the ge-
latine or albumen of their soft parts, and the earthy salts
which constitute their coverings or support.

Q. Animals differ from Plants in Structure—~~When
we examine the structure of the solid parts of vegetables, we
find them consisting of fibres or threads, which lie parallel
to one another. In the solid parts of animals, on the other
hand, the earthy salts are.arranged in plates, forming
cells. N

Each fibre of a plant constitutes a tube or vessel for the
circulation of the sap. As far as observation goes, these
tubes are cylindrical throughout. They are aggregated
into fagots, which diminish in magnitude as they proceed to
the extremities of the plant ; but the decrease is owing to the
separation of fibres to form smaller fagots, not by the subdi-
vision of the tubes themselves. The vessels of animals differ
widely from such an arrangement. They do not constitute
the solid parts. They are all of them conical, give off
branches, and diminish by subdivision. The solid parts,
then, of animals, are cellular ;—those of vegetables vascu-
lar ;—the vessels of plants are parallel and cylindrical ;
those of animals are irregular and conical. The former are
simple; the latter are branched. The organs of support in
plants consist of the vessels themselves ; in animals, they are
chiefly secreted salts.

8. Animals differ from Plants in their Action.~The
preceding observations on the composition and structure of
organized beings, establish the existence of characters suf-
ficiently marked to warrant the conclusion, that animals
and vegetables belong to different systems ; that there is
2 model peculiar to each ; and that, by attending to the ap-
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pearances which they exhibit even after death, it is practi-
cable to ascertain the kingdom to which any individual be-
longs. When we attend to the display of the living prin-
ciple in the species of each division, we lLkewise perceive
differences so very remarkable, as to dispel all the doubt and
obscurity in which the subject at first appears to be involv-
ed. These differences, however, can only be distinctly
traced, by a comparison of the most perfect animals with
the most perfect plants; and by continuing the contrast,
until we approach the lowest station of each kingdom.

‘When any object comes in contact with the point of my
finger, I feel its presence, and my finger is said to possess
the power of Sensation. When the same body comes in
contact with my hair, there is no idea of its presence excit-
ed ; and the hair is said to be destitute of sensation. When
I compress or cut across the nerve which communicates be-
tween the brain and the finger, the faculty of sensation is
suspended or destroyed. The same object may come in
contact as before, but there is no feeling excited, intimating
its presence. In the hair there is no nerve; and, conse-
quently, division or compression occasions no change. I
conclude, therefore, from the evidence of my own experi-
ence, that the power of feeling is inseparably connected
with the presence and condition of the nerves; and that
where there are no nerves, there can be no sensation. I
observe, likewise, in the case of animal bodies, that the
nerves are only dispersed through those parts which consist
of what is termed animal matter, or combinations of car-
bon, hydrogen, azote and oxygen ; and appear to be inca-
pable of communicating the power of sensation to any of
the combinations of the earthy salts.

In cxamining the different branches of the animal king-
dom, we observe the presence of a nervous system, more or
less developed, according to the station occupied by the
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specics. In the animals of the higher classes, the nervous
filaments can be distinetly traced ; but in proportion as the
absorbing, secreting, and circulating vessels of the system
diminish in size, the nerves experience a corresponding de-
crease ; and when these vessels can no longer be detected,
on account of the smallness of their diameter, the nervous
filaments likewise elude our observation. But in every ani-
mal, the most minute, we infer, from analogy, the exis-
tence of these vessels ; and the belief of the corresponding
existence of the nerves, is sanctioned by the same authori-
ty. Since all animals may thus be considered as possessing
nerves, the faculty of sensation may be regarded as com-
mon to every individual of the Animal Kingdom.

Let us now turn our attention to the most perfect plants ;
to those in which the organs are most numerous, and most
complicated in their structure. In these, however, there are
no nerves, nor any substance which resembles them in form,
structure and function ; for the claims of the pith of plants
to be considered as analogous, have been abandoned by
common consent. If nerves do not exist in the most per-
fect plants, have we reason to anticipate their discovery in
imperfect plants, which occupy a lower scale, whose organi-
zation is more simple, and whose living principles possess
fewer attributes? Here analogy forbids the expectation ;
the microscope and the scalpel announce that it is hopeless.
We conclude, therefore, that as vegetables are destitute of
nerves, they are likewise destitute of the facuity of sensa-
ton.

When any object touches my finger, and excites the
idea of its presence, it is the nerve which communicates the
sensation. But I can remove my finger from the object,
and thus cause the sensation to cease, or bring it again in
contact, and renew the impression. These actions are ex-
pressed by the phrase Voluntary Motion. This faculty is
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confined to certain organs, and certain conditions of these
organs. If the nerves of the finger are cut across or
compressed, I am unable to communicate to my finger the
requisite power. Sensation has ceased, and along with
it, voluntary motion. In the one case, the sensation, by
the ligature or division of the nerve, is prevented from as-
cending; in the other, the excitement to voluntary motion
is prevented from descending, by the interposition of the
same means. I conclude, therefore, that the prescnce of
the nerves is essentially necessary to voluntary motion.
Here, however, there is another condition necessary. The
organs to which the nerves proceed, must be so construct-
ed as to admit of motion. My fingers possess this requisite
qualification in an eminent degree ; but when many other
parts of my body are touched by any object, even though I
feel its presence, I cannot move away the part without a ge-
neral movement of the whole body. In many cases, I cannot
even accomplish my object by any movement of the body, as
when the substance is situated in some central part, so con-
structed as not to obey the will, as is the case with gouty
or urinary concretions. Voluntary motion, then, depends
on the presence of nerves, and the structure of the parts to
which these are distributed.

As all animals may be considered as possessing nerves,
and consequently, the essential requisite of voluntary mo-
tion ; the organs of animals are likewise so constructed,
as to admit of its display in the variety of actions which
they perform. In a few animals, however, such as the
sponge, the displays of this power are scarcely discernible.
But as in all such animals there are some soft parts, and
as they all possess nerves, we may infer from analogy the
existence of this faculty, although its operations are imper-

ceptible to our senses.
? A 1
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Though plants possess many organs apparently well a-
dapted to the display of voluntary motion, yet the total ab-
sence of any thing like a nervous system, the essential con-
dition of the faculty, and the want of animal matter on which
it may exert its cnergies, forbid us to entertain a belief of its
existence.

Besides possessing the faculty of sensation and voluntary
motion, I likewise am able to move my limbs in such a
manner, as to change the position not of one organ merely,
but of my whole body, or to shift from one place to ano-
ther. This new action is termed Locomotion. It requires
for its performance not merely the conditions requisite for
sensation and voluntary motion ; but likewise an arrange-
ment of organsso constructed, as by their action on the sur-
rounding elements, whether of air, earth or water, the body
may be displaced.  Quadrupeds, birds, reptiles and fishes,
possess such an arrangement of organs, and exhibit the loco-
motive power in a great degree of perfection. But as we
descend in the scale, we find many animals in which such
an organization does not exist, and that live on the same
spot from the commencement to the termination of their
existence. 'These animals, however, are all natives of the
water ; and although they be thus stationary themselves,
the fluctuations of the element in which they live, produce
a variety in the scene, and daily bring new objects in con-
tact with their organs of sensation.

Among the invertebral animals, in which this faculty is
not present in every species, there does not appear to be
any link of the chain, or any system of organs connected
with other functions, which regulate the presence or ab-
sence of locomotion. The Monas, usually considered as
the lowest term of animal life, and in which, neither mouth
nor vessels can be };erc eived, is an animalcule which resides

2
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in water, and performs all its locomotive evolutions with
considerably rapidity. The Oyster, on the other hand, in
which a heart, bloodvessels, brain, gills, and stomach, may
be easily observed, has one valve of its shell cemented to
the rock, and depends on the bounty of the waves for
all the objects of its sensation and nourishment.

Plants are destitute of sensation, voluntary motion, and
locomotion. They live and die in the same spot. Where
the seed first strikes root, there the plant continues, unless
transported by some foreign power, and passes through the
various stages of growth, maturity and decay. Plants
have been found alive, even when detached from the soil ;
but such plants possess true roots, either as organs of sup-
port or nourishment ; and only quit their first station by
force. 'This is frequently the case with the floating duck-
weed, and with the fuci which form the celebrated Mar do
Sargasso, or sea of sea-weeds, in the great ocean.

4. Anwimals differ from Plants in their Nutrition.—If
we attend to the organs of nourishment in the perfect ani-
mals, we perceive that there is an alimentary canal, situat-
ed towards the centte of the body, and exhibiting in some
part of its course an enlargement, termed a Stomach. As
we descend in the scale of animal life, this tube experiences
remarkable changes in form and position, but continues so-
litary in each individual. When all the other vessels of
the body cease to be conspicuous, by reason of the diminu-

- tive size of the animal under examination, this organ may
often be perceived. Indeed, judging from analogy, we
have reason to conclude, that in every individual of the
Animal Kingdom, there is a particular cavity destined for
the reception of the food.

In the most perfect vegetables, on the other hand, we
find the alimentary tubes so numerous, that we are unable
to count them ; and in no case do we observe any common
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cavity into which they empty their contents, or any en-
largement which bears a resemblance to a stomach. In
the inferior tribes of vegetables, the organs of nutrition ap-
pear to be constructed according to the same model. In
consequence of these peculiar arrangements, the absorbing
vessels of nutrition in plants, arise on the surface; while
those of animals originate on the inside of the alimentary
canal. Dr AwLston, who regarded this last character as
constituting an obvious and essential mark of distinction
between plants and animals, fancifully termed a plant an
inverted animal *,

In all animals, in which the intestinal canal is of suffi-
cient size to be obvious to the senses, we perceive that
crude matter is conveyed to it by the mouth ; and that af-
ter a certain time, the useless part is thrown out as excre-
ment. In plants, all the food which enters their tubes,
appears to be in a state of solution ; and all the superfluous
quantity is dissipated in gaseous or aqueous exhalations.

Some have attempted to insinuate, that plants can live
on inorganic matter, while animals can be supported only
on that which is or has been organized matter, either of a
vegetable or animal nature +. A moment’s reflection, how-
ever, on the similarity between the elementary substances, of
which all organized bodies are composed, will not fail to
induce us to assign to them a common origin. All the
larger animals feed on the remains of animals and vege-
tables, while the plants feed on the juices of the soil. But
we are utterly ignorant of the particular state of combina-
tion, in which the atoms of the nourishing substances may

* <« Tirocinium Botanicum Edinburgense,” Edin. Svo. 1753 ;—a work
which may still be perused with advantage by the student of botany.

+ Suita’s Introduction to Botany, p. 5.
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in, at the time of the absorption by animals or plants. We
know, that upon being absorbed, they enter into combina-
tions depending on the living principle ; but where is the
proof, that animals can form new combinations only from
those bodies already in living wunion? The Cheese Mite
and the Blue Mould, are both supported by the same food ;
and the observation applies to many dung-beetles and mush-
rooms. How many plants and animals appear to subsist
on water only ?

In the course of the preceding observations, we have at-
. tempted to mark the characters by which plants and ani-
mals may be distinguished from each other. Instead of
giving a definition of these organized beings, in order to
draw the line of separation, we have preferred a description
in detail. Many of the definitions which have been given,
do not embrace all the species of the two classes, but serve
to characterize the largest and most perfect merely. They
indicate a limited acquaintancé with the extensive range
of living beings. Such are the definitions of THEOPHRAS-
Tus,JuNcius, TourNkForT, PoNTEDERA, LUDWIG, BoEk-
HAAVE, Linnzgus and MirsEL ; which do not surpass in
point of clearness or acuteness, the discriminations of ARris-
ToTLE : From this last naturalist nearly all of them appear
to have derived their origin.

CHAP. IV,

ON THE PQLITY OF NATURE.

HAVING, in the preceding chapter, taken a general view

of the constitution of those great classes into which the crea-

tures of this Globe may be divided, we come now to trace

the relation in which these classes stand to one another ; ar

to examine what has been termed the Polity of Nature,
VOrI. I. D
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When we attentively consider the present condition of
the inorganic kingdom, it will appear obvious, that the con-
tinuance of its existence and arrangement does not depend
on the presence of organized beings. Independent of its
vegetable covering, of the animals by which it is peopled,
and of man himself, this globe could still revolve in its or-
bit, and act its part in the solar system, though naked,
silent and lifeless. Changes would, indeed, take place on
its surface, in consequence of the laws of chemistry and
mechanics, and independent of the aid of living bodies.
The prominent parts would be worn down; the hollows
would be filled up ; and its outline would assume an inclina-
tion every where at right angles with the direction of gra-
vity. These changes have, in part, been accomplished ;
and have impressed on the different strata the peculiar cha-
racters of their structure and superposition.

"The organized kingdom, on the other hand, could not ex-
ist alone. The beings of which it is composed may be con-
sidered as the parasites of this planet, and depend on its
present movements for the exercise of their functions. Were
the earth to approach nearer the sun, or recede to a greater
distance, organized existence would be destroyed, by the
mere change of temperature.

The presence of the inorganic kingdom, is necessary to
the existence both of plants and animals, as furnishing them
with the elements of their composition, and a place of resi-
dence. Plants may be considered as more immediately de-
pendent on the inorganic kingdom than animals. Their
attachment to the soil is more obvicus; and the changes
which take place in its condition, exert a more direct influ-
ence over them. The lichens cover the exposed surface of
the rock ; and, by the retention of moisture, accelerate its
decomposition. 'The mosses next establish themselves in
the hollows and crevices ; and, by degrees, prepare a soil for
the stameniferous vegetables. These last attempt to esta-

2
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blish themselves in such a manner, as to banish to the still
barren districts the first fabricators of their soil. The most
perfect plants are, in general, independent of the Animal
Kingdom, or able to subsist' without their presence. The
members of that great family, indeed, are their enemies ra-
ther than their friends. 2 i

The animal is, in a great measure, dependent on the
vegetable kingdom for food and shelter.. Some animals live
directly on plants, as their only nourishment, others live on
the flesh of other animals, but these lastare, in general, sup-
ported by vegetable food. -Hence, we may assert with con-
fidence, that if the vegetable kingdonr were to perish, the ex-
tinction of life, in the more perfect animals at least, would
inevitably follow. Some of the less perfect animals are more
independent in' their condition. < ‘The infusoria appear to
subsist by decomposing water. © They, however, prepare a
suitable tepast for the annulose and molluscous tribes ; and
these, in their turn, contribute to support the vertebral
races. ' In both kingdoms, therefore, the smallest and most
obscure species are subservient to the welfare of those
which are larger and more perfect.

In viewing the relation of these great classes of beings to
one another, we perceive an admirable adaptation of means,
to the establishment and continuance of the present order
of things. = The surface of our globe exhibits a great varie-
ty of situation for the residence of plants. Part is cccupied
by land, and part is covered with water.” The land varies,
in composition and moisture; the water in its contents and
motion ; and both vary in their temperature. But however
differcnt these situations appear to be, there are plants pe-
culiarly adapted for each, in which they flourish with the
greatest vigour, and where they are only restrained within
fixed limits, by the physical characters of their station.

The condition of the Earth, which thus presents different

situations for the species of the Vegetable Kingdom, influen-
D 2
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ces the species of the Animal Kingdom in a similar manner.
But animals are not only dependent on the physical char-
acter of their station, but on the presence of those vegeta-
bles on which they subsist, whether directly or indirectly.
In the existing arrangements, animals are distributed, with
regard to plants, in such a manner, as that a supply of food
may be readily obtained ; limited, however, so as to prevent
the excessive increase of any particular species. In their
turn, animals influence the growth of plants, by keeping
many species within due bounds, and by assisting the dis-
semination and nourishment of others. But amidst this
variety of actionand reaction,and of temporary derangement,
circumstances always arise, by which irregularities are check-
ed, losses compensated, and the balance of life preserved.
Linxzvs, from the contemplation of this subject, con-
cluded, contrary to the generally received opinion, that ani-
mals were created on account of plants, not plants on ac-
count of animals. The defence of this opinion rests on the
consideration, of animals having organs suited to cut and
bruise vegetables as food, and by these operations, some-
times contributing to preserve an equal proportion among
the species ; and on the following reasoning,— that the iron
was not made for the hammer, but the hammer for the
iron,—the ground not for the plough, but the plough for
the ground,—the meadow not for the scythe, but the
scythe for the meadow *. The exclusive consideration of
the indirect consequences of the actions of animals, has ob-
viously betrayed Linxgus into this opinion. ‘That it is
erroneous, may be easily demonstrated, by the employment
of his own method of reasoning. Plants, we know, are
furnished with roots to penetrate the soil for nourishment and
support ; and fishes have finsadapted for swimming. Now,
if the soil was not made for plants, but plants for the soil ;

® ¢« Amenitates Academice,’’ vol. vi. p. 22.
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if the sea was not made for fish, but fish for the sea, then,
instead of considering animals as created on account of
plants, we must draw the mortifying conclusion, that both
animals and vegetables were created on account of inorgan-
ic matter ; the living for the sake of the dead.

All that we know with certainty on the subject, amounts
tothis, That the organized kingdom is dependent on the inor-
ganic; that animals are greatly dependent on vegetables, and
that the different tribes in each kingdom have determinate
mutual relations. Judging from the mode of action pecu-
liar to the species of each kingdom, we are led to conclude,
that vegetables are superior in the scale of being to mine-
rals; that animals are superior plants; and that they con-
stitute a harmonious whole, in which the marks of power,
wisdom and goodness, are every where conspicuous.

CHAP. V.

'ON THE SUBSTANCES WHICH ENTER INTO THE COMPOSI-

TION OF THE BODIES OF ANIMALS,

Avrsoven the attention of many cminent chemists has
been directed to the examination of the composition of ani-
mal bodies, a great deal remains undetermined, in this
difficult department of experimental research. The ele-
mentary principles which occur in the Animal Kingdom,
have been ascertained with considerable preciéion ;s but-the
binary, ternary, or other compounds which these form,
have not been investigated with so much success. As these
various ingredients are brought into union in the animal
system, by the agency of the vital principle, their state of
combination may be expected to differ widely from the or-
dinary results of elective attraction. When such com-
pounds of organization are submitted to analysis, the in-
fluence of the vital principle having ceased, the products

\
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obtained, may be regarded in many cases as modifications
of the elements of the substance, occasioned by the process-
es employed, rather than the display of the number or na-
ture of the ingredients as they existed previous to the ana-
lytical operations. = Errors, we ‘know, ‘are to be guarded
against in the analysis of mineral waters, arising from com-
binations taking place. during the process, which did not
exist in the compound previous to analysis*. - How much
more necessary is it,: to' exercise caution in drawing
our conclusions regarding the composition of amimal bo-
dies ? 0 Sl DI ¢

In this section I shall enumerate the elementary bodies,
which are considered as entering into the composition of the
parts of animals, and then consider the combinations which
these form, or the substances in which they have been
detected.

I. XLEMENTARY SUBSTANCES.

1. Carbon.—This substance exists in various states of
combination, in the fluids as well as the solids of every ani-
mal. It has never been detected in a separate state in any
animal substance. In the lungs, however, it appears to
occur in the form of charcoal, according to the observations
of Dr Pearson+. The lungs, in youth, are light colour-
ed; but they increase in darkness with age, and in old
persons they are nearly black. This change of colour is
produced, by the deposition of charcoal in the cells of the
lungs, and the bronchial glands. Dr Pearson considers

® See Dr Munnay's valuable paper, ¢ An Analysis of Sea-water.”
Edin. Trans, vol. viii. p. 205

+ ¢ On the Colouring Matter of the Black Bronchial Glands, and of the
Black Spots of the Lungs.”  Phil. Trans. 1813, p. 159.
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this substance as derived from the sooty matter from coal,
mixed with the air inspired. If this change to blackness,
occurs only in the lungs of the aged inhabitants of cities, the
explanation here offered must appear plausible; but if the
same change takes place in the lungs of those who live chiefly
in the open air, and in the country, we should be disposed
to consider the charcoal not as a foreign body, but asa
morbid secretion of the organs of respiration.

When animal substances are exposed to a high temper-
ature in closed vessels, the charcoal which is produced
differs considerably from that which is obtained by the same
means from vegetables. It is more glossy in appearance,
and is incinerated with much greater difficulty.

2. Hydrogen.—This gaseous element is umversally dis-
tributed in the Animal Kingdom. It occurs as a constitu-
ent ingredient of all the fluids, and of many of the solids.
It is invariably in a state of combination with charcoal ;
for, as far as we know, it has never been detected in an un-
combined or separate state. It has been found in the hu-
man intestines, in the form of carburetted hydrogen.

8. Oxygen.—This principle is equally widely distributed
with the preceding, in the fluids and solids of animals. A
constant supply of it from the atmosphere is indispensably
necessary to the continuance of animal life. It occurs, not
only in combination with other bodies, but probably like-
wise in a separate state, in the air-bag of fishes, in which it
is found varying in quantity, according to the species, and
the depth at which the fishes have been caught. It is
common, in union with charcoal, forming carbonic acid.
This acid was first detected by Prousrt, in an uncombined
state, in urine, and by VoeEr, in blood.  The latter che-
mist ¢ put a quantity of fresh urine into a glass flask, to
which was held a bent glass tube, the mouth of which dip-
ped into a vessel containing lime-water. This apparatus
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being put under the recciver of an air-pump, the air was
slowly exhausted. A great quantity of air bubbles issued
from the urine, and the lime-water became milky, indica-
ting the extraction of carbonic acid gas*.” By a similar
process, it was obtained from blood. When proper precau-
tions were used, Dagwin could not detect any air either in
blood, urine, or bile, by the aid of the air-pump. The car-
bonic acid appeared, however, when these fluids had been
exposed to the air, and seemed to be generated in conse-
quence of the removal of atmospheric pressure 4. Carbo-
nic acid gas is likewise found in the intestines of quadru-
peds; but it chiefly exists in animal bodies, in combination
with the alkalies or earths. It is likewise emitted by all
animals in the act of respiration.

4 Azote.—'This gas is very widely distributed as a com-
ponent part of animal substances. It occurs in almost all
the fluids, and in those solid parts which have carbon as
a base. The almost universal prevalence of this princi-
ple in animal substances, constitutes one of the most cer-
tain marks by which they may be distinguished from vege-
tables. Azote likewise occurs, in an uncombined state, in
the air-bng of some fishes. It was first detected as a secre-
tion, by Dr PriesTLEY in the air-bag of the roach.

5. Phosphorus.—This inflammable body exists, in union
with oxygen, in the state of phosphoric acid, in many of
the solids and fluids of animals. Its existence, however, in
an uncombined state, has not been satisfactorily determined,
although there appears a tendency to refer the luminousness
of several animals to the'slow combustion of this substance.
Even phosphoric acid can scarcely be said to exist in a se-
parate state, being found in combination with potash, soda,
ammonia, lime, or magnesia.

* Annals of Philosophy, vii. p. 56. + Phil, Trans. 1774, p. 345.



ELEMENTARY SUBSTANCES. 57

6. Sulphur.—In combination with other bodies; sulphur
exists in considerable abundance in animal substances. It
can scarcely be said to occur in a separate state in animals ;
at least the experiments which may be quoted as encourag-
ing such a supposition, are by no means decisive. United
with oxygen, in the form of sulphuric acid, it exists in com-
bination with potash, soda, and lime.

7. Fluoric Acid—BErzELivs has detected this acid in
bones and in urine, in a state of combination with lime *,

8. Muriatic Acid.—'This acid exists, in combination with
an alkali, in a great number of the animal fluids; as with
soda and ammonia in urine. I have observed, that several
species of the genus Julus, when taken by the hand, emit
an odour so much resembling this acid, as to render the
opinion probable, that they secrete it, when irritated, in a
free state.

9. Jodine.—This interesting substance has been obtained
by Dr FyrE 1, from the residue of the incineration of the
common sponge of the shops. The water in which sponge
had been infused, and which, consequently, contained its
gelatinous ingredient, yielded no traces of it. The portion
which remained, after infusion in water, or its albuminous
part, afforded, after being burnt to ashes, distinct traces of
its existence. We may conclude, therefore, that the iodine
is in combination with the albumen or insoluble portion.
In the sea-weeds, on the other hand, the portion which is
soluble in water contains the iodine; thereby furnishing a
very striking point of difference in its mode of combination
in the Vegetable and Animal Kingdoms.

10. Potash.~~This alkali exists in combination with the
sulphuric, muriatic, or phosphoric acids; but it is far from

* Annals of Philosophy, ii. p. 416.
4 ¢ On the Plants from which Ioding can be procured.”—Edin, Phil,
Journ. i. 256.
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abundant in animal fluids. It is much more common in
the vegetable kingdom, especially in land plants.

11. Soda.—This alkali is present in all the fluids in va-
rious states of combination, and is more abundant than the
preceding. It gives to many of the secretions the alkaline
property of changing vegetable blues into green. It is
found in union with the carbonic, phosphoric, sulphuric,
and muriatic acids.

12. Ammonia.—As the elements of this alkali exist in all
the fluids, and many of the solids of animals, it is frequently
produced during putrefaction, and the decompositions of
analysis. These elements are likewise found united in the
system, and the alkali then appears in union with the va-
rious acids, as the phosphoric, muriatic, and lactic.

13. Lime.—This earth, of which the hard parts of ani-
mals, such as bones and shells, are chiefly composed, 1s of
universal occurrence. It is always in a state of combina-
tion, and chiefly with the carhonic or phosphoric acids.

14. Magnesia.—In the animal system, this earth occurs
sparingly. It has been detected in the bones, blood, and
some other substances, but always in small quantity, and
chiefly in union with phosphoric acid.

15. Silica.—This earth occurs still more sparingly than
the preceding. It is found in the hair, urine, and urinary
caleuli.

16. Tron.—The existence of iron has hitherto only been
detected in the colouring matter of the blood, in bile, and
in milk. TIts pecullar state of combination in the blood has
glven rise to various con_)ectures but a satlsf'actory =01ut10n
of the questlon has not as yet been obtained. In milk, 1t
appears to be in the state of phosphate.

17. Manganese—The oxide of this metal has been ob-
served, along with iron, in the ashes of hair, by Vaveus-
LIN.
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These simple substances have been detected by chemists
in the solids and fluids of animals ; but seldom, as we have
said, in a free state. Many of them combine, in such va-
rious proportions, that it is extremely difficult to determine
their true condition, or fix the characters of their natural
and permanent results. 'Without entering into detail, we
shall briefly enumerate these various compounds; the me-
thods of procuring them in a separate state; the characters
by which they are distinguished ; and their uses in the ani-
mal economy.

I1I. Compounns oF ORGANIZATION.

1. Gelatine.—This substance occurs, in nearly a pure
state, forming the air-bag of different kinds of fishes, and
well known in commerce under the name isinglass. 'When
in a dry state, it is colourless and translucent ; yields with
difficulty to the knife; and, upon being broken, exhibits'
a resinous lusire, and conchoidal fracture.

When thrown into cold water, it becomes soft and in-
creases in bulk, but does not readily dissolve. Hot water
dissolves it in large quantities. The solution is translu-
cent ; of an opal colour; and gelatinizes as it becomes cold.
In this state it is well known by the name of Jelly. Che-
mists term it remulous gelatine.  'When in a dry state, ge-
latine may be kept for any length of time; but, when thus
united with water, it very soon putrifies. Specimens pro-
cured from different substances, appear to vary consi-
derably, even in the dried state, in the quantity of
water which they retain.  Those which contain the' great-
est quantity form the least viscid solutions; while those
which contain the-least; form solutions which are strong
and tenacious. - Acids dissolve this substance with facility,
and form compounds whose properties have not been exa-
mined- with much care.  Alkalies likewise dissolve it
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readily, especially when assisted by heat. It is insoluble in
alcohol.

Dr Tuoxsox found that a concentrated solution of gela-
tine, yielded, with nitro-muriate of gold, a copious yellow-
ish-white precipitate; soluble by adding water ; and, with ni-
trate of mercury, a very copious curdy precipitate.

When a solution of tannin is dropt into a solution of ge-
latine, an union takes place, and an insoluble precipitate,
of a whitish colour, falls to the bottom. It is on the
union of the tannin of the oak bark with the gelatine of the
hides, that the process of tanning leather depends.

When exposed to the destructive distillation, it yields a
watery liquor, impregnated with ammonia, a fetid oil, and
a bulky charcoal, which, by incineration, gives obvious
traces of phosphate of lime, and phosphate of soda. It
consists of carbon, hydrogen, oxygen, and azote, in propors
tions which have not been satisfactorily determined.

Gelatine exists in abundance in the different parts of ani-
mals, as bones, muscles, skin, ligaments, membranes, and
blood. It is obtained from these substances, by boiling
them in warm water; removing the impurities, by skim-
ming, as they rise to the surface; or by subsequent strain.
ing and clanfying. It is then boiled to a proper consis-
tency. It is the characteristic ingredient of the softest and
most flexible parts of animals.

It is extensively used in the arts, under the names Glue
and Size, on account of its adhesive quality, and to give
the requisite stiffness to certain articles of manufacture. In
domestic economy, it is likewise employed in the form of
jelly, and in the formation of various kinds of soup. What
is termed Portable Soup is merely jelly, which has been
dried, having been previously seasoned, according to the
taste, with different spices. .

2. Albumen.—This substance derives its name from the
Latin term for the white of an egg, that liquid being con-
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sidered as albumen in as pure a state as it has hitherto been
obtained.

It is a colourless viscid fluid. When dried at a low tem-
perature, it loses four-fifths of its weight, and assumes the
appearance of dried gelatine, possessing, however, a greater
degree of transparency.

It is readily soluble in cold water, and the solution
changes vegetable blues into green. 'When the solution is
heated to 165° Fahr. the albumen coagulates into a white
mass, of considerable consistence, which possesses peculiar
properties, to be taken notice of afterwards. When albu-
men is in a dried or coagulated state, it will continue un-
changed for a great length of time; but, when in a liquid
state, it soon putrifies. During this process, silver is black-
ened when brought in contact with it, and the smell like-
wise indicates the presence of sulphuretted hydrogen. The
mineral acids, alcohol and ether, when poured into a solu-
tion of albumen, coagulate it, in same manner as heat.
The alkalies and earths produce no change. The metallic
salts likewise occasion copious precipitates. Dr Bostocx
found, that a drop of the saturated solution of oxymuriate
of mercury, falling into water containing ;4';5th part of its
weight of albumen, produced an evident milkiness.

When a solution of tannin is poured into liquid albumen,
a copious yellow precipitate falls down, of the consistency
of pitch, and insoluble in water ; which is formed by the
union of the two substances.

Coagulated Albumen was first examined with care by the
celebrated HaTcuETT *; and several additions have been
made to its history by Livk .

It is insoluble in water, unless when long exposed to its
influence ; and, even then, only a small portion is taken up,

* Phil. Trans. 1800. + Annals of Phil. vii. 456.
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in a state in which it appears incapable of combining with
tannin.

It is likewise insoluble in alcohol; but, when that liquid
is allowed to stand upon it, or to be boiled along with it, it
becomes muddy. With sulphuric acid, a brownish-yellow
solution is obtained, from which the albumen is precipitated
by the addition of water. Nitric and muriatic acids, when
assisted by heat, likewise dissolve it; the former changing
it into gelatine. Acetic acid has no effect upon it, either
hot or cold.

Caustic soda and potash dissolve albumen, when assist-
ed by heat, and form compounds resembling soap. Am- -
monia produces no effect upon it.

It is considered as consisting of carbon, hydrogen, azote,
and oxygen, (the azote in greater quantity than in gelatine,)
with traces of soda and sulphur.

Albumen exists in great abundance, both in a coagulated
and liquid state, in the different parts of animals. Hair,
nails, and horn are composed of it. It appears likewise as
a constituent of bone and shells ; and there are few of the
fluid or soft parts of animals, in which it does not exist in
abundance. What has hitherto been termed the Resin of
Bile, is, according to BErzELIUS, analogous to albumen.

Albumen is extensively used in the arts. When spread
thin on any body, it soon dries, and forms a coating of var-
nish.  Its adhesive power is likewise considerable. When
rubbed on leather, it encreases its suppleness. But its chief
use is in elarifying liquors.  For this purpose, any substance
abounding in albumen, as the white of eggs, or the serum of
blood, is mixed with the liquid, and the whole heated to
near the boiling point. 'The albumen coagulates, and falls
to the bottom, carrying along with it the impurities which
were. suspended in the fluid, and which rendered it muddy.
If the liquor contains aleohol, the application of heat is un-
necessary.
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8. Fibrin.—This substance is usually procured for exa-
mination, from blood or muscle. From the former it is
obtained, by repeatedly washing the coagulated part which
appears after blood drawn from an animal has been allowed
to rest, until the water ceases to extract any thing soluble;
that which remains is the fibrin. Muscle yields this sub-
stance after repeated macerations in water, the mass being
frequently subjected to pressure, in order to expel the
blood and other fluids from the pores.

Fibrin is of a white colour, and soft and elastic, previous
to its being dried. It powerfully resists putrefaction, and
may be kept under water for a great length of time, with-
out undergoing any change. It is insoluble in cold water.
In boiling water, it curls up, and, after the ebullition has
ceased some hours, the water acquires a milky hue. A
portion of the fibrin has been dissolved, which produces,
by the addition of tannin, a precipitate of white flocculi.
Strong alcohol and ether partially decompose it, converting
it into an adipocirous matter.

Acids dissolve fibrin directly, or alter its nature so as to
render it soluble in boiling water. Acetic acid dissoives
it entirely, and the solution has the appearance of jelly.
With the alkalies, fibrin readily combines, and, according
to Berzrvrivs *, the compound bears no resemblance to
soap. From ‘the alkaline solution, the fibrin is thrown
down in a more or less altered state by the addition of
acids.

When exposed to the destructive distillation, it curls up,
then melts, gives out water, carbonate of ammonia, acetic
and carbonic acids, a fetid oil, and carburetted hydrogen
gas, indicating the presence of nearly the same ingredients
as enter into the composition of albumen. The charcoal

Annals of Phil. ii. p. 23.
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which remains is more copious than that which is left by
the two preceding substances. Itisincinerated with difficul-
ty, as a glassy coating forms on its surface, and excludes the
action of the air. The residue consists of the phosphate of
soda and lime, together with carbonate jof lime. Fibrin
we have scen, exists in the blood, and was formerly calte..
the fibrous part of the blood. Tt likewise exists in all
muscles, forming the essential part or basis of these organs.
It exhibits many remarkable varieties, as it appears in the
flesh of quadrupeds, birds and fishes.

4. Eztractive—~~When the flesh of an animal is boiled
for some time in water, the fibrin and albumen remain,
and the solution contains the gelatine and other substances
soluble in water. If the solution be evaporated to dryness,
and treated with alcohol, the gelatine remains undissolved,
and a solution of extractive is obtained. It is the sapona-
ceous extract of meat of RoveLLE, and the osmazome of
THENARD.

When freed from the alcohol by evaporation, the ex-
tractive is of a reddish-brown colour, semitransparent, has
an acrid taste, and an odour similar to the juice of meat. It
attracts moisture from the air, and becomes soft. It is so-
luble in alcohol and water. It is precipitated by the in-
fusion of nut-galls. When heated, it swells, and emits
the odour of burning animal matter. Its charcoal affords
carbonate of potash. When distilled, it yields ammonia.
Its constituent principles appear to be the same with those
of the three preceding substances. = According to BErzE-
LIUs, it is always combined with the lactate of soda *.

Extractive exists in the muscles of animals, in the blood
and in the brain. It communicates the peculiar flavour
of meat to soups. In the opinion of Fourcroy, the
brown crust of roasted meat consists of it.

* Annals of Phil. ii. p. 202.
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The four substances which we have now enumerated,
constitute the soft parts of animals, and enter into the com.
position of the hard parts and of the fluids. They are
readily distinguishable from one anothet. Extractive alone
is soluble in alcohol ; gelatine is insoluble in cold, but so-
luble in hot water ; albumen is soluble in cold, and inso-
luble in hot water ; and fibrin is equally insoluble in Lot
and cold water. They are variously mixed or united ;
and as they consist of the same elementary principles,
chiefly carbon, hydrogen, oxygen and azote, it is probable
that they are changed, the one into the other, in many

. cases, by the living principle,—a transmutation which the
chemist has succeeded ‘in accomplishing, and which may
soon be of advantage in the arts. The proportion of car-
bon appears to be least in gelatine, and greatest in fi-
brin *.

The following substances, which occur in the composi-
tion of animals, are not so exclusively distributed, although
equally entitled to our attentive consideration.

5. Mucus~This term has been applied to various se-
creted fluids, whose properties differ considerably from one
another. Hence the greatest uncertainty prevails respect-
ing the characters common to all kinds of mucus, and those
which distinguish particular varieties or species. The fol-
lowing characters are assigned by BerzeLrus to the mucus
of the saliva and of the nose, which we shall quote in his
own words, for the purpose of avoiding mistakes.

“ The mucus of the saliva+t is readily procured by
mixing saliva with distilled water, from which the mucus

*® For farther illustrations respecting the nature of gelatine, albumen
and fibrin, the reader is referred to an admirable paper by HatcneTrT,
“ Chemical Experiments on Zoophytes ;3 with some Observations on the
component Parts of Membranes.”? Phil. Trans. 1800, p. 327.

+ Annals of Phil. ii. p. 380.

VOT.. I, r
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gradually subsides, and it may then be collected on the
filter and washed. In this state it is white, and would
scem to contain phosphate of lime mixed with it. The
mucus 1s quite insoluble in water * ; it becomes transpa-
rent and horny in the acetic, sulphuric and muriatic acids,
but does not dissolve in them, and the alkalies separate
nothing from them. The mucus, therefore, contains no
earthy phosphate, though its appearance would lead to
suspect this earthy salt. It dissolves in caustic alkali, and
is again separated from it by the acids. A small propor-
tion escapes the action of the alkali, but yields to muriatic
acid, and is not separable from this acid, by an excess of
alkali. The mucus of the saliva is very easily incinera-
ted; and though no phosphate 'of lime is detected in it
by the acids in its natural state, a considerable portion of
phosphate appears in the ash after combustion.”

The mucus of the nose presents the following properties :
“ Immersed in water, it imbibes so much moisture as to
become transparent, excepting a few particles that remain
opaque ; it may then be separated by the filter from the rest
of the water, and may be further dried on blotting paper,
till it has again lost nearly the whole of the moisture it had
imbibed. Mucus thus dried will again absorb water when
immersed in it, and resume its transparency ;"and this alter-
nate wetting and drying may be repeated an indefinite
number of times, but it thus gradually becomes yellowish
and more resembling pus. Five parts of recent mucus
absorbed by .95 parts of water, produce a glairy mass
which will not pour from a vessel. 'When mucus is boiled
with water, it does not become horny, nor does it coagu-
late ; the violent motion of ebullition rends it in pieces, but

*® This was considered by Dr Bostock as albumen, and his mucus ap-
pears to be the Peculiar Matter of the saliva of BerzerLivs. -
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when the boiling is discontinued, it is found collected again
at the bottom of the vessel, and nearly as mucous as before.
I should observe, however, that this mucus naturally con-
tains a little albumen, which must first be extracted by cold
water, to enable the remaining mucus to exhibit the above
mentioned appearances. The nasal mucous matter dissolves
in diluted sulphuric acid ; when the acid is concentrated,
the mucus is carbonized. Nitric acid at first coagulates it,
a number of yellow spots being dispersed through the coa-
gulum ; but by continuing the digestion it softens, and it
finally dissolves into a clear yellow liquid, containing none
of that yellow substance which I have described under
Fibrin.

¢ Acetous acid hardens mucous matter, but without dis-
solving it, even in a boiling heat. Caustic alkali, at first,
renders mucous matter more viscous, and afterwards dis-
solves it into a limpid flowing liquid. Tannin coagulates
mucus, both when softened by the absorption of water, and
when dissolved either in an acid or an alkali.”

This substance occurs in a liquid state in the animal eco-
nomy, as a protecting covering to different organs. It ne-
cessarily differs in its qualities, according to the purposes it
is destined to serve. In the nose, it defends the organ of
smell from the drying influence of the air,—in the bladder,
it protects the interior from the contact of the acid urine,—
while it preserves the gall-bladder from the action of alka-
line bile. It does not contain any suspended particles like
the blood, but is homogeneous *.  When inspissated, it con-
stitutes, in the opinion of some, the basis of the epidermis,
horns, nails, feathers. But the difficulty of obtaining it in
a pure state, and the discordant characters assigned to it by
~ different chemists, prevent us from reposing confidence in

* Dr Youxc, Annals of Phil. ii. p. 117.
: ERQ
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the accuracy of the analysis of those substances, of which
it is considered as forming an essential ingredient.

6. Urea.—This substance is usually procured from hu-
man urine by the following process : Evaporate the urine to
the consistence of a thick syrup, which concretes into a erys-
talline mass as it cools. Let this be treated with four times
its weight of alcohol, at different times, assisted by a gentle

heat, and the greater part will be dissolved. By evaporat~

ing this solution to a syrupy consistence, the urea remaius,
and, as it cools, appears in the form of yellowish-white shin-
ing lamina, crossing each other in different directions.
According to Dr Prour, it may be obtained in a state of
still greater purity by the following process: ¢ To the ex-
tract of urine evaporated to the consistence of a syrup, ni-
tric acid is to be gradually added until the whole is con-
verted to a crystalline mass, which is to be slightly washed
with cold water. The nitric acid is then neutralized by a
solution of subcarbonate of potash or soda, and the solution
evaporated, in order that the nitrate of potash or soda may
crystallise, and be thus separated. The fluid which is left
is made nto a paste with animal charcoal; cold water. se-
parates the urca from this paste in a colourless state; it
1s to be evaporated to dryness, and the mass digested in
aleohol, which takes up the urea alone, leaving the saline
bodies or other extraneous matters ; and from the alcoholic
solution, the urea may be obtained pure and in the crystal-
lised state, althougl it is ofien necessary to repeat the erys-
tallisation from the aleohol, two or three times *.>
When prepared according to this last methed, its crys-
tals assume the form of a four-sided prism, transparent and
colourless, with a slightly pearly lustre, sp. gr. 1.35. It
has a peculiar but not urinous odour, and undergoes no

* Annals of Phil. xi. p. 352.
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change from the atmosphere, except a slight deliquescence
in very damp weather. 1In a strong heat it melts, and is
_partly decomposed, and partly sublimed without change.
It is very soluble in water and alcohol. The fixed alkalies
and alkaline earths decompose it ; it unites with most of the
metallic oxides, and forms crystalline compounds with the
nitric and oxalic acids.

Urea is readlly decomposcd by boiling its solution in
water, and supp]ymo‘ new water as it evaporates. Carbo-
nate of ammonia is disengaged,—acetic acid is formed, and
some charcoal precipitated. It is considered as containing
a greater quantity of azote than any of the animal princi-
ples already enumerated. Its ingredients have been vari-
ously estimated, owing to the impurity of the urea, and the
imperfection of the art of analysing animal principles. Dr
Prout and M. BErarp give its contents as follows:

Carbon. | Oxygen.| Hydrogen.| Azote. Total.

Prout, 19.99 | 26.66 | 6.66 | 46.66| 99.97
Berard, | 19.40 | 26.40 | 10.80 | 43.40 | 100.00

Urea cxists in the urine of the mammalia, when in a state
of health. In the human subject, it is less abundant after
a meal, and nearly disappears in the disease called Diabetes,
and in affections of the liver. .

7. Sugar.—This well known substance exists in consi-
derable abundance in milk, and in the urine of persons
labouring under Diabetes. In the latter fluid, it is to be
considered as a morbid secretion of the kidneys, occupy-
ing the natural situation of the urea. In milk, however,
it exists as a constituent principle, and may readily be ob-
tained by the following process: Evaporate fresh whey to
the consistence of honey, dissolve it-in water, clarify with
the whites of eggs, and again evaporate to the consis.
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tence of syrup. On cooling, white cubical crystals will
be obtained. It is less sweet than vegetable sugar, and
the empyreumatic oil which it yields by distillation, has
a smell resembling benzoic acid. The following analyses
by Gay Lusac, Tuexarp, and Berzerivs, exhibit its
composition :

Gay L :
4= da%hel;s:?:d. Berzelius.
Hydrogen, 7.341 7.167
Carbon, 58.825 | 89.474
Oxygen, 53.834 | 53.859 *

According to BERZELIUS, it contains more carbon and less
oxygen than common sugar. Dr ProvT, however, obtain-
ed from diabetic sugar, and sugar of milk,—results so near-
ly similar to those afforded by common sugar, when sub-
mitted to the same mode of analysis, that he regards them
all as essentially the same substances, affected a little in
their external characters, by small quantities of some extra-
neous substance. He states the result as follows : Hydro-
gen 6.66 + carbon 89.99 + oxygen 53.33 —=100.00 +.

Honey, which resembles sugar in many of its properties,
can scarcely be regarded as a product of the animal king-
dom. -

8. Oils.—The different bodies found in animals, refera-
ble to this division, vary greatly as to colour, consistence,
smell, and other characters. They possess, however, in
common, the properties of the fixed oils, in being liquid,
cither naturally or when exposed to a gentle heat, insolu-
ble in water and alcohol, leaving a greasy stain upon paper,
and in being highly combustible.

* Aunals of Phil. v. p. 266. + Ib xi. p. 354
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It is difficult to determine whether there is an oily prin-
ciple, to which all the different kinds of oils owe their pri-
mary character, or whether there are as many different
principles as there are species of oils. The important ex-
periments of M. CuevreuL ¢ On Fatty Bodies *,” coun-
tenance the latter opinion. The products of the saponifi-
cation of the different kinds of fatty bodies, exhibited pecu-
har characters by which they could be recognised, varying
according to the substances from which they were extract-
ed. These products, it must be added, were the result of
decomposition, and their characters, consequently, convey
but imperfect information, concerning the natural condition
of the principles of animal oils. ‘

TFatty matter occurs in the animal system occupying very
different situations. In ruminating animals, it adheres
chiefly to the intestines; in scals and whales, it is seated
under the skin; while in fishes it is chiefly found in the cells
of the liver, and among the muscles. In all cases, it ap-
pears to be a product of secretion, and to serve as a store
of nourishment, being most abundant, when the animal is
furnished with a copious supply of food, and gradually
diminishing in quantity as the food becomes scarcer, and
disappearing when, from want, a lingering death has been
produced.

Animal oils may be distinguished into the following
kinds. ;

1. Spermaceti—~This substance constitutes the principal
part of the brain of the whale, called Physcter macrocepha-
lus. It is freed from the oil which accompanies it, by
draining and squeezing, and afterwards by the employment
of an alkaline lye which saponifies the remainder. It is

¥ Annals of Phil, xii. p. 186, from Annales de Chimie.
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then washed in water, cutinto thin pieces with a wooden
knife, and exposed to the air to dry.

It is usually in the form of glossy white flakes, semi-
transparent and friable. It melts at 112°, and may be dis-
tilled without experiencing great change. About 150 parts
of boiling alcohol dissolve 1 of spermaceti, which is agam
deposxted as the solution cools.

It is used in medicine, and in the arts to make candles.

Q. dmbergrease—This substance is of a whitish colour,
brittle, adheres like wax to the edge of the knife with
which it is scraped. Its specific gravity varies from 780
to 926, At 122° it melts, and at 212° it is volatilized, It
is insoluble in water. Alcohol, and the volatile oils, dis-
solve it. 'With alkalies it forms a soap soluble in water.
According to BouILLoN LA GRANGE, it i3 composed of

527 Adipocere,
30.8 Rezin,
5.4 Charcoal.

It'is found in the intestines of the spermacefi whale, and
in those only which are in a sickly state. It appears to be
the excrement altered by long retention in the intestines,
and therefore scarcely merits a place among the natural in-
gredients of the animal system. Upon being voided by the
animal, it floats on the surface of the sea, and has been
found in various quarters of the globe. It usually contains
the beaks of cuttle-fish adhering to it.

It is employed in small quantities by druggists and per-
fumers.

3. Fat.—Fat is usually purified by separating the vessels
and membranes which adhere to it; by repeatedly washing
with cold water, and afterwards melting it along with boil-
ing water, Still, however, it consists of two substances,
suet and oil. CugvieuL attempted to separate them, by
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the action of boiling alcohol, which deposits, on cooling, the
suet, and retains the oil. The suet he has termed stearin,
and the oil elain. Braconnot effected their separation by
a much more simple process. He pressed the fatty or oily
matter, rendered sufficiently solid by cold, between folds of
soft paper. The oil is imbibed and the fat remains. To
free it from the remainder of the oil, the fat is melted with
a little oil of turpentine to dilute the oil, and again pressed
in paper. The oil is casily extracted from the paper by
boiling water. 'The suet or stearin, when thus obtained, is
dry and brittle, with a shining lustre, and resembles sper-
maceti. It melts at from 130° to 140° F. It is sparingly
soluble in alcohol and ether. All fatty substances consist
of different proportions of suet and oil. Butter contains
from 40 to 65 per cent. of suet; hogs-lard 3§ per cent. ;
and marrow about 76 per cent.,

"The fat of ruminating animals is termed Zallow, and is
hard and brittle, while the fat of the hog, called lard, is soft
and semifluid. Its uses as an article of food,—in the making
of candles, hard-soap, and ointments, and to diminish fric-
tion, are well known.

4, Oil.—~The various properties of the different kinds
of oils, depend, in a great degree, on the mode of pre-
paration, with the exception of the odour, which arises
from the kind of animal from which the oil has been de-
rived. Spermaceti oil is considered as the thinnest of the
animal oils, and the fittest for burning in lamps. It is
obtained from the spermaceti, by draining and pres-
sure. T'rain oil is procured by melting the blubber, or
external layer of fat, found underneath the skin of diffe-
rent kinds of whales and seals. From the process em-
" ployed, it contains, besides the oil, gelatine, albumen, and
other animal matters, which render it thick, dark-coloured,
and disposed to become rancid. [ish-0il is sometimes ex- -
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tracted from the entire fish, (as the sprat, pilchard, and
herring, when they occur in too great quantities to be salt-
ed,) by boiling in water, and skimming off the oil as it ap-
pears on the surface. In general, however, the oil is
obtained from the livers of fish, in which it is lodged in
cells. As it cannot be procured completely from livers by
mere boiling, they are allowed to become a little putrid,
that the oil may be more readily extricated, by the ruptur-
ing of the cells. But, along with the oil, various impuri-
ties are likewise obtained, such as bile, and gelatinous mat-
ter; and as these afterwards putrify, they communicate a
disagreeable fetid odour to the oil. This fetid smell is
greatly heightened by the charring of the oil in the bottom
of the boilers, and the consequent production of the empy-
reumatic odour,

Various methods have been recommended in order to free
train, and fish oils from the impurities with which they are
contaminated. It is obvious, from the nature of these im-
purities, that they may be in part be removed, by churning
the oil along with cold, and afterwards with boiling water.
But for the complete purification of. oil, other methods,
" more complicated and expensive, have been resorted to.
« If it be agitated with a little sulphuric acid, and then
mixed with water, the oil, when allowed to settle, swims
on the surface, of a much lighter colour than before ; the
water continues milky, and a curdy matter is observed swim-
ming between the oil and the water *.”

In the year 1761, Robert Dossie, Esq. communicated
to the Society for the Encouragement of Arts and Manu-
factures, various processes for the edulcoration of fish oil,
and obtained from the Society a bounty of one hundred
pounds. The account of these methods, which are still

* Tuomson’s Chemistry, 4th Ed. v. p. 476.
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considered the best which have been devised, is published in
the twentieth*volume of their Transactions, pp. 209,-239 *.

® As many readers may not have access to this work, I shall here trans-
cribe the different processes.
The first process, ¢ For purifying fish-oil in a moderate degree, and at a
very little expense.
¢¢ Take an ounce of chalk in powder, and half an ounce of lime slacked
by exposure to the air ; put them into a gallon of stinking oil, and, having
mixed them well together by stirring, add half a pint of water, and mix
that also with them by the same means. When they have stood an hour
or two, repeat the stirring, and continue the same treatment at convenient
intervals, for two or three days; after which, superadd a pint and a jhalf
of water, in which an ounce of salt is dissolved, and mix them as the other
ingredients, repeating the stirring, as before, for a day or two. Let the
whole then stand at rest, and the water will sink below the oil, and the
chalk subside in it to the bottom of the vessel.”
The second process, ¢ To purify to a great degree, fish-oil without heat.
¢« Take a gallon of crude stinking oil, or rather such as has been prepar-
ed as above mentioned, and add to it an ounce of powdered chalk ; stir
them well together, several times, as in the preceding process : and after
they have been mixed some hours, or a whole day, add an ounce of pearl-
ashes, dissolved in four ounces of water, and repeat the stirring as before.
After they have been so treated for some hours, put in a pint of water, in
which two ounces of salt are dissolved, and proceed as before: the oil and
brine will separate on standing some days, and the oil will be greatly im-
proved both in smell and colour. When a greater purity is required, the
quantity of pearl-ashes must be increased, and the time;before the addition of
the salt and water prolonged.”—¢¢ If the same operation is repeated several
times, diminishing each time the quantity of ingredients one half, the oil
may be brought to a very light colour, and rendered equally sweet in smell
with the common-spermaceti oil.”
The third process, ¢ To purify fish-oil with the assistance of heat, where
the greatest purity is required.
¢ Take a gallon of crude stinking oil, and mix with it a quarter
of an ounce of powdered chalk, a quarter of an ounce of lime slacked
in the air, and half a pint of water; stir them together; and when
they have stood some hours, add a pint of water and two ounces of
pearl ashes, and place them over a fire that will just keep them sim-
mering till the oil appears.of a light amber colour, and has lost all smell
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As these impuritics are chiefly contracted in the prepar-
ation of the oil, from the blubber and livers, it would be of
consequence to examine, how far the various processes
which have been recommended, might_ be employed with
advantage, by the original manufacturer; or rather to de-
vise means by which the oil might be extracted, without,
at the same time, obtaining along with it, those substances
which render it too thick for burning in lamps, and dis-
agreeable on account of its smell.

Many other substances secreted by different animals,
deserve to be enumerated in this place, such as Castor,
Civet, and Musk,. but their characters are too imperfectly
ascertained, to enable us to gointo detail.  The facts known
concerning them, will be given when treating of the organs
in which they are formed.

9. Acids.—The acids which we have now to enumerate,
consist of various proportions of carbon, hydrogen, oxygen

except a hot, greasy, soap-like scent. Then superadd half a pint of water,
in which an ounce of salt has been dissolved ; and having boiled them half
an hour, pour them into a proper vessel, and let them stand till the separa-
tion of the oil, water, and lime be made, as in the preceding process.”’~
¢¢ If the oil be required yet more pure. treat it after it is separated from the
water, &c. aecording to the second process, with an ounce of chalk, a quar-
ter of an ounce of pearl ashes, and half an ounce of salt.”

The fourth process, * Which may be practised alone, instead of process
the first, asit will edulcorate and purify fish-oil to a considcrable degree, so
as to answer miost purposes, and for process the third, when the whole is
performed.

¢ Take a gallon of crude stinking oil, and put it to a pint of water pour-
ed off from two ounces of lime slacked in the air ; let them stand together,
and stir them up several times for the first twenty-four hours; then let
them stand a day, and the lime water will sink below the oil, which must
be carefully separated from them. Take this oil, if not sufficiently purified
for your purpose, and treat it as directed in process the third, diminishing
the quantity of pearl-ashes to one ounce, and omitting the lime and chalk.”
~—See, likewise, some judicious observations in ¢ Sconressy’s Account of
the Arctic Regions,” vol. ii. p. 408,—432, i
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or azote. Some of them are peculiar to the ammal king-
dom, others exist in equal abundance in plants.

A. Uric Acid.—This acid, which has likewise been
termed Lithic, exists in considerable abundance in urine,
and in urinary calculi. It is likewise found in the excre-
ments of birds, reptiles and insects. In all the situations
in which it is found, it appears to be a production of the
kidneys, or organs exercising an analogous function.

B. Lactic Acid.—This acid, which the French chemists
endeavoured to prove to be the same with the acetic acid,
1s ascertained by Berzerivs to be a peculiar acid*. Tt
is of very general occurrence in the animal fluids, in com-
bination with soda or ammonia. It is found uncombined
in muscular flesh.

C. Amniotic Acid.——"This substance was discovered in
the liquor ammii of the cow, by VaveveriN and Buxiva,
and obtained in white crystals by evaporating that liquid
slowly. It is soluble in heated water, and alcohol, and
bears the nearest resemblance in its properties to the two
acids which have been enumerated. Dr Proutr did not
succeed in finding this substance in the uterus of’ a cow
slaughtered in an early period of her gestation 4.

D. Formic Acid—This acid is obtained by infusing
ants in water, and drawing it off by distillation. The wa-
ter in the recciver contains the formic acid. By some, it
is regarded as analogous to the acetic acid, and by others,,
as a mixture of the acetic and malic acids.

The preceding acids are: peculiar to the animal king-
dom ; .those now to be enumerated are likewise found in
the juices of plants.

E. Benzoic Acid exists in considerable abundance, in

* Annals of Phil, ii. 201, + Annals of Phil..v. 416.
3
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the urine of cows, from which it is extracted in France for
commercial purposes.

F. Ozalic Acid.—This acid has hitherto been found
only in certain urinary calculi in union with lime.

G. Acetic Acid—This acid has been detected in milk in
union with potash, by BerzEL1vs. i

H. Malic Acid—This acid has hitherto been found in
company with the formic acid, in the liquor obtained from
the red ant.

In this short enumeration of the principles which enter
into the composition of animals, we perceive that carbon,
hydrogen, oxygen and azote, are found in the greatest
abundance. By combining in different proportions, they
exhibit a great variety of separate substances. The
earthy salts arc likewise abundant; and when they occur
in a separate state, they strengthen the albuminous frame-
work, and form the skeleton, giving stability to the body,
and acting as levers to the muscles. The alkaline salts
occur in the greatest abundance in the secreted fluids.

These different principles, variously modified and mixed,
constitute the different parts of the animal frame. "These
have been divided into two kinds,~Fluids and Solids.

The fluids consist of those juices which are obtained
from our food and drink, such as the chyle, and are termed
crude; of the blood, prepared from the crude fluids, and
destined to communicate to every part of the body, the
nourishment which it requires, and of those fluids which are
separated from the blood in the course of circulation, such
as the bile, and termed Secreted Fluids. These are all
contained in appropriate vessels, and are subject to motion
and change.

The Solids are derived from the fluids, and are usually
divided into the soft and hard. The soft solids consist
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chiefly of what is termed animal matter, of combinations of
carbon, hydrogen, oxygen, and azote. They consist of
fibres, which are usually grouped into faggots ; of plates,
which, crossing onc another in various directions, give rise
to a cellular structure, or of a uniform pulpy mass.

The fibrous teaxture may be observed in all the muscles,
tendons, and ligaments, and in the bones of many animals,
especially before birth. These fibres, however minutely
divided, do not appear to be hollow, like_those of the Ve-
getable Kingdom. :

The cellular texture is universally distributed in the
form of membranes, which invest every organ, the bundles
of fibres in every muscle ; and, by forming tubes, with the
addition of the fibrous texture, constitute the containing
vessels. This substance gives form to all the different parts,
and is that particular portion which is first formed, and which
constitutes the frame, on and within which the other mate-
rials of the system are deposited. It readily expands by
the increase of its contents ; and, with equal ease, contracts
when the distending cause is removed.

The pulpy texture is confined to the brain and nerves,
the liver, kidneys, and other secreting organs of the system.
Its composition appears to the eye homogeneous, and its
form is regulated by its cellular envelope.

These soft solids are alone capable of posséssing the fa-
culty of sensation. By their aid, the nervous energy is ex-
erted on the different parts of the body; and, through
them, the impressions of external objects are received.

The hard solids consist either of cartilage, which resem-
bles, in its qualities, coagulated albumen, or of bone, form-
ed by various combinations of earthy salts. They are des-
titute of sensation, and are chiefly employed in defending
the system from injury, giving it the requisite stability, and
assisting the muscles in the execution of their movements.
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The proportion between the solids and fluids, is not only
remarkably different in different species, but in the same
species in the various stages of growth.

Having now taken a general view of the substances which
enter into the composition of animal bodies, and the various
textures or tissues which these form, 1it-is our intention to
proceed to consider the frame itself, and to examine the
various organs, or system of organs, of which it consists,
and the uses to which these are subservient in the animal
cconomy. The order in which we proceed, may appear
to be deficient in logical precision; but it is impossible
to investigate the organs, in connection with their functions, -
without adopting a method in some degree arbitrary. The
skin, however, obviously demands our first attention.

CHAP. VI.

ON THE CUTANEOUS SYSTEM, ITS STRUCTURE, APPENDICES,

AND SECRETIONS.

Wik treating of the characters by which organized bo-
dies might be distinguished from inorganic matter, it was
stated, that the former always possess a skin or common
integument. This crgan, as it exists in animals, is now to
be the subject of our consideration.

1. STRUCTURE OF THE SKIN.

Animals present remarkable differences with regard to
the size, the shape, and the number of their parts; but
they all agree in possessing an exterior covering, or skin, to
modify their surface, regulate their form, and protect them
from the action of the surrounding elements. In the more
perfect animals, this organ consists of the foIloWing parts:
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the caticle,—the corpus mucosum,—the corium,—the pan-
niculus carnosus,—and the cellular web.

1. The Cuticle.—'This is likewise termed Epidermis, ot
Scarf-skin, and appears to be common to all animals. Tt
constitutes the exterior layer of the skin, and covers not only
those parts which are exposed to the influence of the at-
mosphere, or the waters, but the different openings of the ex-
tremities of the vessels, and lines the central surface of these
with a coating, varying inits nature according to the functions
of the organ which it is destined to protect. It is destitute
of bloodvessels, nerves, and fibres, and usually consists of thin
transparent membrane, possessing little tenacity. Various
pores may he observed on its surface, whiech are the mouths
of the vessels of the inner layers of the skin; and it is va-
riously marked by grooves or ridges, depending on the ine-
qualities of the surface which it covers.

It resists putrefaction for a great length of time; and
may easily be obtained in a separate state from the other
members, by maceration in water. It likewise separates
from the inferior layers, and becomes very obvious in the
case of blisters. Alcohol loosens its connection with the
inner layers very readily, in many of the inferior animals,
such as the earth-worm. So far as it has hitherto been sub-
jected to chemical experiment, it appears to consist of co-
agulated albumen.

The cuticle exists before birth; and may be observed
thickest on those places destined to be exposed to the great-
est friction; such as the palms of the hands and the soles
of the feet. After birth, it is speedily renewed on parts
which have been wounded, or increased in thickness in those
places which are frequently subjected to pressure. Itis
almost constantly undergoing changes. It exfoliates in the
form of scales, from our own heads and from the skin of

VOL.I. . ¥



82 PHILOSOPHY OF ZOOLOGY.

horses ; in the form of powder, from the skins of parrots ;
and entire like a sheath, from serpents and the caterpillars
of insects. f

The cuticle exhibits very remarkable differences in re-
gard to consistence. In those animals which live on the
land, it is more rigid in its texture, and scaly and dry on
its surface, than in those which reside in the water. In
aquatic animals, it is in general smooth, often pliable ; and,
in many cases, its texture is so soft and delicate, that it ap-
pears like mucus. It assumes, likewise, other appearances,
such as scales, nails, shells and plates, which deserve the
attentive consideration of the naturalist, as furnishing him
with important characters for the arrangement of animals.

2. Mucous web.~This has been named in honour of the
discoverer rete Malpighii: and likewise corpus mucosum,
or rete mucosum. It occurs immediately underneath the
cuticle, from which, in general, it may be casily disjoined ;
but it is often so closely attached to the true skin below, as
not to be separated even by maceration in water.

It presents more obvious appearances of organization
than the cuticle, and consists of soft vascular tissue. It
varies in thickness in different species, and even in diffe-
rent parts of the same individual. It is regenerated more
slowly than the cuticle, at least its colour, after an injury,
is more pale, inclining to white. In the parts of those ani~
mals which have been reproduced after amputation, as the
head and horns of snails, the new portions seldom present
the same intensity of colour as the old ones. Its chemical
constitution is unknown, 1t is more or less coloured, accord-
ing to the species or variety ; and, indeed, is that portion
of the skin in which the colour resides. In man, the other
layers of the integuments are transparent or colourless ;
while this layer is white in the European, black in the
Ethiopian, and copper-coloured in the American.
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It has been supposed by some, that this layer owes it
colour to the action of the solar rays; but as it is often
found coloured in those parts secluded from the light, into
which it enters along with the cuticle, such as the palate,
tongue and ears, we must attempt to trace its origin to
some other cause. BrumexsacH refers the colour to car-
bon, precipitated on the mucus, and combining with it.
The proofs, however, are still wanting, of the presence of
this ingredient in the particular state of colour which char-
coal exhibits. Were the mucous membrane always found
cither colourless or black, we might be induced to admit
the colouring matter to be charcoal ; but when this layer,
in different animals, exhibits all the tints of the prismatic
spectrum, we are inclined to reject the explanation as hy-
pothetical, and wait the result of more decisive experi-
ments. Dr BeEppogs, and afterwards Fourcroy, ascertain-
ed, that oxymuriatic acid deprived the skin of a negro of its
black colour; but in a few days it returned with its former
intensity. That the colour depends on an animal oil secret-
ed by the true skin, is, perhaps, the most plausible conjec-
ture which can be advanced on the subject.

This layer of the skin occurs not only in the warm-blood-.
ed animals, but, perhaps, in all the inferior classes *. Cu-
VIER conjectures, that the shell of molluscous animals
and the crust of lobsters, and other crustacea, occu-
py the place of this layer, as they are in immediate contact
with the cuticle. But as these parts are employed as or-
gans of protection and of support to the muscles, purposes.
to which the mucous web is never applied in its most per-
fect state, analogy appears in opposition to the conjecture.

8. Corium.—This is known by the name of the culis

* It is necessary to add, that the existence of this layer is even denied by

some.—Edin. Phil. Journ. i. p. 213.
¥ 2
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vera, or true skin. It lies immediately underneath the ew
ticle and mucous web. It is usually destitute of colour. Te
consistsin some animals, as quadrupeds, of solid fibres, which
cross one another in every possible direction, and form a sub-
stance capable of considerable extensibility and elasticity. In
the cetacea, the fibres are arranged vertically, and exhibit an
appearance not unlike a section of the sessile boleti. Tn
fishes, it is more undorm in its texture; and 1n some cases
appears a homogeneous gelatinous membrane. It is more
obviously organized, than' the two members by which it is
covered: Bloodvessels and nerves penetrate its substance,
and may be observed forming a- very delicate net-work o
its surfice.

The peripheral surface of this layer, is in close contact with-
the mucous web, from which it is: with difficulty detached.
When viewed separately, it presents numerous inequalities,
which give to the euticle the appearance of angular com-
partments on the back of the human hand, and cur-
ved ridges on the palms. When this surface ismore minutely
examined, it appears covered with numerous tubercles, va-
rying in shape and size according to the species or the func-
tions of the different parts. By macerating the corium for
some days in water, the structure of these tubercles may be
perceived.  Each consists of a pencil of fibres, united at
their base. When the central fibres are longest, the tuber-
cle is conical ; when of equal lengths, the summit is flat.

This portion of the corium has been characterised by a
particular name. It is called Corpus papillare, and villous
surfuce of the skin. It is most obvious in those parts
which possess, in the greatest perfection, the sense of touch.
It is generally supposed, that the nervous filaments, con-
nected with that faculty, terminate in these tubercles. They
are depressed when not in action, but become erect on the
application of any stimulant.
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“This villous surface '1s observable on the skin, in almost
all quadrupeds. It is found in the scles of the feet only, n
birds and reptiles. Infishes and the inferior animals, its ex-
istenee has not been satisfactorily ascertained.

The corium may be observed in quadrupeds, birds, rep-
tiles and fishes. Tt is less distinct in the mollusea and crus-
tacea; and in the animals ef the lower orders, it has not
ibeen detected.

From the experiments which have been made, to ascer-
tain the composition of ‘the corium, it appears to consist

.chiefly of gelatine. Hence it is that part which is employ-
ed in the manufacture of glue. In the thin, soft, flexible
hides, the gelatine does not possess the same degree of ‘vis-
cidity, as in those of more rigid texture; and the glue ob-
tained from such, is proportionally weak.

It has already been stated, that-gelatine unites with tan-
nin, forming a substance which is insoluble in water. Tt
is to this combination that leather owes:its peculiar-proper-
ties. The skinis prepared for being converted intoleather,
by maceration in svater or lime-water, in order to remove
the cuticle and hairs. “The tannin 1s obtained from oak-bark,
by infusion in water. The cleansed skin, now consisting
chiefly of gelatine, upon being placed in this infusion,
unites with the tannin. The strength of the leather de-
pends on the strength of the hides; the more rigid these
.are, the more tough and durable is the leather which they
furnish.

4. Muscular web.—This'is likewise termed Panniculus
carnosus. It varies greatly in its appearance according to
the motions which the skin and its appendices are destined
to perform. It consists-of a layer of mascles, the extremi-
ties of whose fibres are inserted into the cortum externally,
and adhere to the body internally in wvarious directions.
"This layer is very obvious, in the hedgehog and the poreu-
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pine, to assist in rolling up the body and moving the spines,
and in birds, in the erection of their feathers. In man, it
can scarcely be said to exist, unless in the upper parts,
where cutaneous muscles may be observed, destined for
moving the skin of the face, cheeks and head. In the
skin of the frog, the oniy cutaneous muscles which can be
observed, are scated under the throat ; the skin on the other
parts of the body being loose and unconnected with the
parts beneath.

The use of this layer of the integument, is to corrugate
the skin, and elevate the hairs, feathers or spines with which
it is furnished.

5. Cellular web.—This forms the innermost layer of the
common integuments, and rests immediately on the flesh
of the body. It consists of plates crossing one another in
different directions, and forming a cellular membrane, va-
rying in its thickness, tenacity and contents, according to
the species. In frogs it does not exist. The cells of this
membrane are filled with various substances, according to
the nature of the animal. In general, they contain fat, as
in quadrupeds and birds. In some of these, the layer 1s in-
terrupted, as in the ruminating animals, while it is conti-
nuous in others, as the boar and the whale. In birds,
while a part of this web is destined for the reception of fat,
other portions are receptacles for air. In the moon-fish,
the contained matter resembles albumen in its chemical
characters.

Where this layer of subcutancous fat is of considerable
thickness, the sensibility of the skin above is greatly dimi-
nished. Hence, it is considered as destined to weaken the
impressions of external injuries, and to protect against the
cffect of the changes of temperature in the surrounding ele-
ment.  But it is subservient to more important purposes in
the animal economy. The cells arc the magazines, into
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which the superfluous nourishment is conveyed in the form
of fat, to be again absorbed according to the wants of the
body. Hence, the cells are nearly empty and collapsed,
in animals scantily supplied with food. The air-cells of
birds give additional buoyancy to their bodies ; and, there-
fore, assist them in their flight.

II. APPENDICES.

Having examined the structure of the different layers of
the skin, we now proceed to consider the eppendices with
which it is furnished, and by which it is fitted for a variety
of purposes in the animal economy.

1. Hairs.—With the general appearance of hair, every
one is familiarly acquainted ; but its peculiar structure and
mode of growth, have seldom been attentively examined
by the zoclogist, although they furnish important charac-
ters for the discrimination of species.

Hairs differ remarkably not enly in their structure, but
likewise in their situation. In some cases, they appear to be
merely filamentous prolongations of the cuticle, and subject

“to all its changes. . This is obviously the case with the hair
which covers the bodies of many caterpillars, and which se-
parates along with the cuticle, when the animal is said to
cast its skin. Such cuticular hairs are likewise found on
many shells, such as the Helix rufescens, hispida and spi-
nulosa, the Arca lactea, and Pectunculus pilosus.

In true hair, the root is in the form of a bulb, taking its
rise in the cellular web. Xach bulb consists of two parts,
an external, which is vascular, and from which the hair
probably derives its nourishment ; and an internal, which
is membranous, and forms a tube or sheath to the hair,
during its passage through the other layers of the skin.
From this bulb, and enveloped by this membrane, the hair
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passes through the corium, mucous web and cut'{cle. It
usually raises up small scales of this last layer, which soon
become dry and fall off, but do not form the external co- *
vering of the hair, as some have supposed.

The hair itself consists of an external horny covering,
and a central vascular part, termed medulla or pith. "This
horny covering consists of numerous filaments placed la-
terally, to which different kinds of hair owe their striated
appearance. These filaments appear to be of unequal
lengths ; those nearest the centre being longest ; and, con-
sequently, the hair assumes the form of an clongated cone,
with its base seated in the skin. This form gives to the
hair that peculiar property, on which the operation of fclt-
ing depends.

When we take hold of a hair by the base with the fingers
of one hand, and draw it between two of the fingers of the
other, from the root towards the point, it feels smooth to
the touch ; but if we reverse its position, and draw it be-
tween the fingers from the point to the root, we feel its
surface rough, and it offers a considerable resistance.
The surface of the hair must, therefore, consist of emi-
nences pointing to the distal extremity. In consequence of
this structure of the surface, if a hair is seized at the middle
between two fingers, and rubbed by them, the root will ‘gra-
dually recede, while the point of the hair will approach
the fingers ; in other words, the hair will exhibit a progres-
sive motion in the direction of the root, the imbricated sur-
face preventing all motion in the opposite direction.

It is owing to this state of the surface of hairs, that
woollen cloth, however soft and pliable, excites a disagree-
able sensation of the skin, in those not accustomed to wear
it. It likewise irritates sores, by these asperities, and excites
inflammation. The surface of linen cloth, on the other hand,
feels smooth, because the fibres of which it consists, possess
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none of those inequalities of surface by which hairs are cha-
racterized.

_If a quantity of wool be spread upon a table, covered
with a linen cloth, and pressed down, in different directions,
it is obvious that each hair will begin to move in the dirce-
tion of its root, as if it had been rubbed between the fingers.
The different hairs, thus moving in*every direction, become
interwoven with each other, and unite into a continuous
mass. This is the felt with which hats are made. Curled
bairs entwine themselves with one another more closely
than those which are straight, though flexible, as they do
not, like these, recede from the point of pressure in a
straight line ; and hence hatters employ various methods to
produce eurl in the short fur of rabbits, hares, and moles,
which they employ. This is accomplished, chiefly, by ap-
plying the solution of certain metallic salts to the fur, by a
brush; so that, when the hairs dry, the surface which was
~ moistened, contracts more than the other, and produces the
requisite curve.

Hair which has been pulled from the skin, is not so fit
for felting as that which has been cut by the shears. In
the former case, the bulb, at the base, offers considerable re-
sistance to the motion of the hair. 'This is the reason why
even the short furs are cut off by sharp instruments.

Although straight hairs do not form so close and conti-
nuous a felt as curled hairs, from their tendency to procede
_In a straight line, in the direction of the root; yet this pro-
perty is of great advantage to the hatter. He spreads over
the surface of his coarser cloth, a quantity of fine straight
fur; and, by pressure, these fine hairs move inwards in the
direction of their roots, and thus form a coating ; the base
of the hairs being inserted in the cloth, while the extremi-
ties are free, '
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It is owing to the asperities of the surface of hair, that
the spinning of wool is so difficult. This is, in a great mea-
sure, removed, by besmearing it with oil, by which the in-
cqualities are filled up; or, at least, the asperities become
less sensible. ' When the wool is made into cloth, it is ne-
cessary to remove the oil, which is done by the process of
fulling. 'The cloth is placed in a trough, with water and
clay, and agitated for some time. 'The oil is removed by
the clay and water ; while the agitation, acting like pres-
sure, brings the hairs into closer union, and the cloth is
taken out, not only cleansed, but felted. The hairs of
every thread entwine themselves with those which are con-
tiguous; so that the cloth may be cut without being sub-
ject to ravel. It is to this tendency to felt, that woollen
cloth, and stockings, inerease in density, and contract in
dimensions, by being washed. - In many places, woollen
stuffs are felted, on a small scale, by placing them in run-
ning water, or under cascades; and the Zetlanders expose
them to the motions of the tides, in narrow inlets of the
sea.

The colour of the peripheral tube exhibits very remark-
able differences. By some naturalists, the colour is consi-
dered as depending on the fluids contained in the pith;
while, according to others, the seat of colour is in the horny
covering itself. The truth of the latter opinion, in certain
cases, at least, is obvious, by the inspection of the largest
hairs or spines of the porcupine, in which the pith is white,
while the horny covering is partly coloured. The sup-
porters of the former opinion contend, that the central part
alone is vascular, and endowed with vitality, as is demon-
strated in the disease termed Plicu Polonica, in which the
hair bleeds, when cut; that grief and anxiety have been
known to change the colour of the hair, by influencing, as
1s supposed, the colouring secrctions of the central vessels ;
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and that the colour changes with'age, and, in some animals,
with the season, without any apparent change in the horny
covering. 'These arguments we consider as conclusive in
favour of the opinion which supposes the colour to de-
pend chicfly on the fluids of the contained vessels, and
would lead us to infer, that the structure of the central
parts of slender hairs is different from that of the stronger
kinds, termed Spines. Indeed it has been ascertained,
that the pith of the bristles of the wild boar, form two ca-
nals; and, in the whiskers of the seal, one canal may be
distinctly perceived.

In general, there is a close connection between the colour
of the hair, and that of the mucous web. This is displayed
in those animals which are spotted ; in which the colour of
the skin is generally variegated like that of the hair.

Hairs differ remarkably in form. In general they are
round. Frequently on the body, they are thickest in the
middle. Sometimes they are flat, or two-edged; and, in
the whiskers of seals, they are waved on the margins. In
many animals, they are long and straight ; while, in others,
they are crisped, and - are then termed Wool. When stiff,
they are termed Bristles; -and, when inflexible, Spines.
They obtain particular names, according to this situation, as
beard, eye-lashes, and whiskers. In general, the motions
of the hair depend on the movements of the muscular web.
In some cases, however, small muscular fibres may be traced
to the bulb of the root, by means of which, particular
movements may be executed.

Hairs grow by the roots. In some species, they are re-
newed annually ; and, in all, they are readily reproduced.
They are the most truly electrical of animal substances.
They are probably nourished by capillary attraction, and
the supply regulated by the moisture or dryness of the at-
mosphere. ¥
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Hair is found on all the mammalia, whales not exeepted ;
differing greatly, however, in quantity, according to the,
species, but always most abundant on the parts most ex-
posed, and on those animals which inhabit cold countries.
1t is found, along with feathers, on different parts of the
body of birds, chiefly, however, on the head and neck. It.
is absent in the reptiles, fishes, and mollusca; but it may
be observed on many annulose animals, and even zoophytes,
in which it acts the part of an organ of motion.

Of all the substances consisting of animal matter, hair is
the most permanent, resisting putrefaction for a great length
of time. According to the experiments of HarTcuETT, it
consists of gelatine and coagulated albumen. Vaveueriy
detected two kinds of oil ; one of which was found to vary
in colour, according to the colour of the hair from which it
was extracted ; black hair yielding a black oil ; the other
always white, without regard to the ariginal colour of the
hair.  Hair likewise contains iron, oxide of manganese,
phosphate and carbonate of lime, silica, and sulphur.

2. Feathers.—As nearly related to hairs in the animal
economy, in regard to situation, composition, and purpose,
we may here take notice of the plumage of birds.

Feathers may be considered as consisting of the following
parts : the quill, the shaft, and the web.

The guill takes its rise, like the hair, in the cellular
membrane, and passes through a tubular opening in the
other layers of the skin, which generally exhibit a duplica-
ture at its base, forming a short sheath. 'The edges and
outer side of the distal part of the quill unite with the
proximal end of the shaft, lcaving a small opening in the
middle of the inner side.

The shaf? consists of a cuticular layer of matter similar to
the substance of the quill; and a central portion, of a white
colour ; and with a texture like cork. The outer side is in
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general slightly convex ; the inner nearly flat, with a groove
in the middle; and the whole tapering to a point at the
distal extremity. It is generally single in the large feathers
of the wing and tail of birds, but frequently double in the
feathers on the body.

The web usually occupies botlr sides of the shaft, and

" consists of the barbs, which are flattened tapering slips of
matter, similar to the shaft, placed transversely, adhering
thereto by their base, and lying over each other, like the
leaves of a book, pointing outwards. The sides of each
barb are furnished with barbules, in the same manner as
the shaft is decorated with barbs.

Feathers exhibit very remarkable differences with regard
to colour. The shaft is frequently of one colour, while the
webs are of another; and different parts of the same web
may even be observed exhibiting dissimilar tints. The co-
lour of the feathers of some birds, appears to vary with the
season, always becoming of a paler hue during the cold of
winter. Particular kinds of nourishing food likewise effect
similar changes ; but the colours, in this case, become
deeper. The feathers of several birds, after death, lose
their lustre, and frequently become paler in the colour.
Thus the orange-coloured white of the belly of the com-
mon merganser soon fades after death. These circum-
stances point out the vitality of this appendix, however
difficult it may be to determme the manner of circulation
of any fluid, between the parts of the fully formed feather
and the body.

Feathers, like hairs, are not only renewed periodically,
but they are readily reproduced, if accidentally destroyed.
The manner in which they are formed, is variously stated
by different authors, few of whom appear to have examined
the subject with any degree of attention. - The following

‘account is given as the result of personal observation.
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When the feather first pushes itself beyond the surface
of the skin, it has the appearance of ‘a thorn. If it be
opened in this state, it may be observed to cousist of a
sheath and medulla.

"The sheath is in the form of a tube, similar in its compo-
sition to the quill ; open at the base, where it is inserted in
the skin; but closed at the other extremity, where its apex
possesses considerable hardness. The use of this tunic is
to defend the central parts, while soft and tender.

The medulla consists of a gelatinous central cord, con-
taining bloodvessels, and covered with a dark glairy fluid.
It extends from the apex of the sheath, to its insertion in
the cellular web. It may be considered as the organ which
forms the different parts of the feather.

The glairy fluid appears densest towards the apex, and,
on the outer side, two white threads may be perceived close
to each other, which have been formed in it. These
threads gradually increase in size, and finally coalesce,
leaving, however, on their inner surface, a small groove,
more or less obvious, -and which is permanent. In the re-
maining part of the circle of this fluid, surrounding the
central cord, the web of the feathers is formed. . Each
barb appears with one extremity attached to one of the la-
teral edges of the shaft, and the other, pointing upwards
and inwards, assists in forming a sort of tube of barbs
round the central cord. The whole is still restrained by
the sheath, which frequently bears the impression, on its
inner surface, of the marks of the barbs. Although, at
this time, both the shaft and the barbs may be perceived in
a state fit for exclusion, towards the extremity, yet, near
the base, the glairy fluid scarcely exhibits a trace of the
rudiments of the remaining part of the feather.

In proportion as this fluid, at the extremity, changes in-

to the shaft and barbs, the central cord withers, and grows
2
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hard. At this time, the sheath bursts open at the point,
and the withered medulla appears encircled by the shaft
and barbs. As the growth takes place from below, new
portions of the feather are pushed forwards with the me-
dulla, in the same position. Between the barbs may like-
wise be observed numerous threads and scales, which are
the dried remains of the fluid in which they were formed.
These scales, and the withered medulla, either fall off na-
turally, or are removed by the animal in the act of preen-
ing.

When that part of the feather containing the web is
formed, ‘the remaining part of the medulla becomes enve-
loped with the matter of the quill, which is a continuation
of the shaft. It is pervious at both extremities, for the en-.
trance and egress of the medulla. Perhaps a distinct idea
may be formed of the structure of a feather, by consider-
ing the whole as at first like an elongated hollow cone, in
which a portion of the base retains its form, and constitutes
the quill; while the remainder, towards the apex, has
opened on one side, to form the shaft and the web;
the medulla becoming exposed in the last part, while it
continues covered in the former.

Where more shafts than one arise from the same quill,

they appear to be formed on opposite sides of the medulla.
This part always appears in the centre; and the grooved
sides of the shaft face each other.
. The quill does not attain its full growth at the first, like
the shaft and the web. It continues to increase in length
for a considerable period, during which the corresponding
part of the medulla continues soft and vascular. As the
animal cannot reach the medulla which is contained in the
quill, it remains, and forms that tubular chambered mem-
brane, with which all are familiar, as it appears in common
writing quills.
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The sheath, of which we have already spoken, likewise
grows in length with the new parts of the feather. Itis
thickest at fitst, and falls off in the form of scales; but,
towards the end of the process, it is thin, and adheres
closely to the quill, and is that part which requires to be
removed by artificial means, in the preparation of quills for
writing.

Feathers appear to consist of nearly the same constituent
ingredients as hair. They, perhaps, contain less gelatine.

They occur only on birds, and characterise the class.
They furnish the most obvious marks for the discrimination
of species ; and have obtained various names, according
to the parts of the body from which they take their rise.
These terms will be particularly enumerated when we come
to treat of birds.

3. Horns.—Horns take their rise in the same situation
as hairs or feathers. They may be regarded as hairs ag-
glutinated, and forming a hollow cone. The fibrous struc-
ture of horn may be perceived in many animals at the base,
where it unites with the skin. At this part it receives the
additions to its growth, the apex of the cone being pushed
out in proportion as the increase takes place at the root,
and on the inner surface. But horns differ remarkably
from hair, in having their central cavity filled by a projection
of bone or other solid substance from the body beneath.

The different markings of the horns, particularly the
transverse ridges, are indications of the different layers of
growth; and, in many cases, the number of these ridges
corresponds with the years of life.

The colour of the horn is, in general, distributed through
the mass ; sometimes, however, it is collected into bands or
threads. Tt seldom experiences much change during -the
life of the animal.
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It is permanent, or does not experience those periodical
renovations which we have stated to take place with hair and
feathers. The deciduous horns of the stag are different in
their nature from true horns, and will be afterwards taken
notice of.

The term Horn is usually restricted to the coverings of
the projections of the frontal bones of oxen, sheep, and si-
milar quadrupeds ; but various appendices of the skin, com-
posed of the same materials, and equally permanent, al-
though seated on other parts of the body, may, with pro-
priety, be included under the same appellation. Among
these may be enumerated,

a. Beaks~The substance which covers the external
surface of the maxillary bones of birds, is composed of
horn. It varies greatly in texture and markings, according
to the species. It differs from the horns of quadrupeds
chiefly in this circumstance, that the colouring matter is not
so completely fixed, but is probably preserved in vessels
which are still in communication with the body. At least
it is well known, that the colour of the bill varies with the
season, and experiences considerable changes after death.
This, however, is most remarkable in those birds, the horny
covering of whose bills is thin, so that the colour may de-
pend on the fluids below.

Horny beaks are found on birds and many reptiles ; and,
in the inferior classes, in all those whose jaws are destined
to cut hard substances.

b. Hogfs.—Hoofs resemble horns in their manner of
growth, and in containing a central support, formed by the
termination of the extreme bones of the feet. They grow
from the inner surface and base, and are thus fitted to sup-
ply the place of those parts which are worn away by being
exposed to friction against hard bodies. Hoofs are peculiar
to certain herbivorous quadrupeds.

YoL. 1. ¢
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c. Claws.—These resemble hoofs in structure and situa-
tion, deriving their origin from the skin, having a bony
centre, and occurring at the extremities of the fingers and
toes. But they are of more lengthened form, usually ta-
pering to a point, convex on the upper surface, and con-
cave beneath.  Many quadrupeds are furnished with them,
and they are usually found on the toes of birds, reptiles,
and annulose animals with articulated members.

d. Nails.—Nails differ from horns and claws, in the cir-
cumstance of not being tubular, but consisting of a plate,
generally convex on the outer surface, and concave beneath.
Where they occur, they occupy the same position as the
claws, covering the upper surface of the last joints of the
fingers and toes. They derive their colour from the
membranes which are beneath.  They grow by the root ;
so that the parts which are worn off, are soon supplied.
They occur on the toes of quadrnpeds, birds, and reptiles,
and pass, by msensible gradations, into claws.

e. Spurs.—These oceur chicfly on what 1s termed the
leg (tarsus) of gallinaceous birds.  They are found, like-
wise, on the ornithorynchus. TLike horns, they are sup-
ported in the centre by bone.

Horns, hoofs, and similar ‘parts, bear a close resemblance
to one another in chemical composition. 'When heated,
they soften, and may be casily bent or squeezed into parti-
cular shapes. They consist of coagulated atbumen, with a
little gelatine; and, when incinerated, yield a little phos-
phate of lime,

Their use, in the animal economy, is to protect the soft
parts from being injured by pressure against hard bodies.
They are in general wanting, where the parts are in no dan-
ger of suffering (rom the influence of such ageuts.  When
torn off from the base, they are seldom completely renewed,
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although very remarkable exertions are frequently made by
the system to repair the loss *.

4. Scales.— These vary remarkably in their form, struc.
ture, mode of adhesion, and situation in different animals.
In general they are flat plates, variously marked. In some
cases, each scale consists of several plates, the lowest of
which are largest; so that the upper surface becomes some-
what imbricated. Some scales adhere by the whole of their
central surface; while others resemble the human nail, in
having the distal extremity free.

The composition of scales is similar to that of the cuticle,
with the addition of some earthy salts. They appear to be
inserted in that layer of the skin, and to resemble it in many
of their properties. When rubbed off, they are casily re-
newed, and frequently experience the same periodical reno-
vations as the cutiele. In somie cases, the cuticle may be
observed extended over them, as in the armadillos. In ge-
neral, however, it only surrounds their base. They derive
their colour from the mucous web on whiclr they are placed.

In quadrupeds, seales occur, covering the whole body
like a coat of mail, in the armadillos; or certain parts only,
as the tail of the beaver and rat. _In birds, the scales arve
found only on the feet. In reptiles, they occur on every
part of the body, and are placed laterally in some ; while,
in others, they are imbricated like the slates of a bouse. In
fishes, the scales are usually imbricated, with the distal edge
free, and the epidermis enveloping their base. In some in-

* TyLprus notices some curious cases of this kind, which fell under his
own observation :—¢ Ungues in digitorum apicibus, semel deperditos, ite«
rum renasci novam non est, sed raro id conspicitur ficri, in secundo aut ter-
tio articulo, prioribus amputatis, in quibus tamen non semel eosdem vidimus
non secus progerminare debitamnque acquirere formam, ac si in digitorun
consisterent apicibus, deponente nunquam solicitudinem suam officiosa na«
tura.” —Observationes Medice, lib. iv. cap. 56.

¢ 2
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stances, however, where they are remarkably thick, they are
placed laterally, and havea covering of the epidermis spread
over them. They may be observed on many insccts, exhi-
biting great varieties of form. What are termed feathers
on the wings of butterflics, scem to be a variety of scales.
They are found, likewise, on the animals belonging to the
class termed Annelides by CuviER, as on some of the spe-
cies of the Linnzean genus Aphrodita.

5. Shells.—Shells consist of layers of an earthy salt, with
interposed membranes of animal matter, resembling coagu-
lated albumen. They grow by the addition of layers of
new matter to the edges and internal surface. When bro-
ken, the animal can cement the edges, and fill up the crack,
ar supply the deficiency, when a portion is abstracted.

In general, they occur as a covering to the corium, and
are protected by the cuticle, as in the shell of the snail;
but, in other cases, they are imbedded in a cell of the co-
rium itself, as appears to be the case with the shield which
protects the pulmonary cavity of the slug. In some cases,
the corium adheres to the shell by a considerable extent of
surface, as in many bivalve shells; while, in the univalves,
the body only adheres by one or more muscles inserted in
the pillar.

Shells differ remarkably in form, texture, and thickness.
In some cases, they arc thin semi-transparent,and elastic,
as the shield of the snail and aplysia; while, in others, as
the volutes, they possess the opacity-and hardness of marble.

They occur simple, like a scale, tube, or cone variously
twisted ; or in the form of double cups, simply opposed, or
variously articulated. In other cases, where the shells are
numerous, they cover the corium in an imbricated form, or
are distributed over it in detached scales.

Shells are not exclusively the production of the animals
termed Mollusca. They oceur, likewise, as a covering to
several of the Annclides, as the Serpula and Dentalivin.

’
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As analogous to shells, as to their use in the animal eco-
nomy, we mention the membranacecous sheaths in which the
bodies of several of the annelides reside, and the tubular
coverings, some of which are membranaceous, others calca-
reous, which protect the zoophytes.

The carthy matter of shells is lime, in union with car-
bonic acid.  Phosphate of lime has likewise been detected,
but in small quantity. The colour is secreted from the
animal, along with the matter of the shell.

6. Crusts.—These are, in general, more brittle in their
texture than shell. They exhibit remarkable differences as
to thickness and composition. They differ from shells
chiefly in containing a considerable portion of phosphate of
lime, and in a greater subdivision of parts. In some cases,
however, as the crusts of the bodies of insects, the earthy
matter is almost absent, and they may be regarded as form-
ed of cuticle alone. Where they contain much earthy mat-
ter, as in the crusts of lobsters, the epidermis may be de-
tected as a cover, and the corium beneath may be perceived
as a very thin film. In many cases, these crusts are re-
newed periodically ; and, in.all, they are readily repaired.
Crusts oecur in insects, the erustacea, and the echinoder-
mata, or sea-urchins, and star-fish.

In examining these different appendices of the skin, we
perceive that they pass, by insensible degrees, into one an-
other, as hair into spines, horns into nails, scales into shells,
and erusts into membranes. They have all one common
origin, namely, the skin; and, independent of secondary
purposes, they all serve for protection.

II1.—SECRETIONS OF THE SKIN.

Besides these appendices of the skin, which we have enu-
merated, it yet remains that we take notice of some of its
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peculiar sccretions, and the purposes which these serve in
the animal economy. One class of these secretions performs
the office of lubricating the skin ; another of regulating the
temperature of the body ; and a third of carrying off the
superfluous carbon.

As the skin forms the external covering of the body, it is
therefore exposed to the decomposing influence of the at-
mosphere or the waters. Were no remedy provided, its
texture would soon be destroyed; by desiceation in the
one case, and maceration in the other. But, for the pre-
vention of tlicse effects, the skin is liberally supplied with
vessels, which secrete upon its surface, fluids, varying in
their nature, according to the wasting agents which act
upon it. They may, however, be divided into two kinds ;
the unctuous and the viscous; on the nature of which, we
shall offer a few observations.

1. Unctuous Secretions. —These are confined to animals
which have warm blood and the cells of the cellular web
filled with fat, as mammalia and birds.

An oily matter is sccreted from the whole skin of mam-
malia, in a manner not very satisfactorily determined. It
coats, likewise, the hairs, and serves to prevent the air from
drying these parts too much, or the water from wetting them.
It keeps the skin of the whale so soft and smooth as to ap-
pear like oiled silk ; and the seal, and other aquatic mam-
malia, emerge from the water with their fur as dry as if
they had been exccuting their movements on land.

In some cases, the glands which secrete an unctuous
matter, are numerous in particular places, and their open-
ings become obvious to the eye, as in the human nose, and
below the under lip, from which the greasy matter may be
squeezed, like little worms.  These glands are likewise nu-
merous in the arm-pits; and, in many quadrupeds, they
occur in little bags near the anus. In birds they unite,
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and form a compound gland on the rump, the oily matter
of which is squeezed out by the bill, and spread over the
feathers. What is termed the scené of an animal is proba-
bly a volatile oil, sccreted along with this unctuous matter
from these sebaceous glands.

~ 2. Viscous Secretions.—In the animals with cold blood, se-
cretions are produced, by the skin, of substances differing in
quality from those of warm-blooded animals; but destined
to serve the same purposes, namely, to protect the skin
from the action of the surrounding element. The fluid
which is secreted, has never been examined with care. In
some cases, it appears glairy and adhesive, as in the com-
mon slug, resembling albumen ; or muccus and slippery, as
in the common eel, approaching in its properties to gelati}]e.
As this last animal, however, turns whitish when plunged
in boiling water, the secretion likewise contains albumen.

The po}'es from which this viscous matter is secreted, are
frequently visible to the naked eye in the larger animals.
They are connected, in fishes, with vessels which traverse the
body under the skin, and contain the fluid; and they fre-
quently appear on the surface in regular rows.

Besides these two kinds of secretions poured forth by the
skin, which may be named protecting secretions, there is a
third, peculiar to quadrupeds, known under the name of
Sweat. .

3. Sweat.—In ordinary cascs, the sweat, as it escapes
from the skin, is in a state of vapour, and invisible to the
eye. The quantity, however, which flies off, is considera-
ble; and has been estimated by Lavoisier and Srcuin,
to amount, in the human body, to 1 Ib. 14 oz. in twenty-
four hours. When collected on the interior surface of a
glass vessel, it possesses the properties of pure water. When
obtained from flannel worn on the skin for several days, it
yielded to TuexNarD acetic acid, and common salt, toge-
ther with an animal matter resembling gelatine, and traces
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of phosphate of lime and oxide of iron. But when procured
by this method, it is impure, being mixed with the fat of
the unctuous sccretions.

When the body is subjected to violent exercise, or expos-
ed to a hot atmosphere, the sweat becomes visible to the
eye like drops of dew, at the pores from which it issues.
In this state, it is fluid like water, but has a perceptibly
saltish taste. BExzerius collected a few drops of sweat,
as they fell from his face, and evaporated them carcfully.
¢ The yellowish residue had all the appearance under the
microscope, of the usual mixtures of potash and soda, with
lactic acid, lactate of soda, and its accompanying animal
matter. It reddened litmus, and dissolved in alcohol ;
and was, without doubt, of the same nature as the analo-
gous matter found in the other fluids.”

From the circumstance, that the quantity of sweat per-
spired, is in proportion to the temperature, being scarcely
perceptible when the surface of the body is disagreeably
cold, but copious when heated to excess, it has been con-
cluded, that this sccretion is intended to regulate the degree
of animal heat, and prevent its accumulation beyond cer-
tain limits. The deficiency of perspiration in the dog, is
made up by the copious discharge of saliva which takes
place when the animal is hcated by hard excreise.

When the sweat reaches the surface of the body, it be-
gins to evaporate ; and, as fluids, in passing to a state of va-
pour, absorh a quantity of heat, the sweat abstracts caloric
from the body, and reduces its temperature. The cocling
effect of evaporation, may be felt by any one, upon wetting
a finger and exposing it to the air. It will soon become cold-
er than the others which were left dry.

There is still another secretion which takes place from
the skin, differing from those which we have already enu-
_merated, and consisting in the emission of carbon.
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4. Carbon.—When the human hand is confined for some
hours in a vessel filled with atmospheric air, a portion of
carbonic acid makes it appearance. When the same hand
is confined in a jar with mercury, lime-water, or hydrogen
gas, no carbonic acid makes its appearance. The skin does
not, therefore, give out the carbonic acid. But in the first
experiment, a portion of the oxygen disappears, equal to the
quantity contained in the carbonic acid that is produced.
We here sce the origin of the oxygen of the acid; and as
no other body is present, capable of furnishing the other in-
gredient, the carbon, the conclusion that it is given out by
the skin is irresistible. In the lower animals, the same
emission of carbon from the skin has been ascertained by
the labours of SparLaNzaNT, ProveNgar and HuMBoLdT.
They found, that the skins of fishes produced carbonic
acid, as well as the gills; and that when frogs were de-
prived of their lungs, atmospheric air was still decompos-
™

It is, perhaps, difficult to pointout the purposes which
this emission of carbon from the skin serves in the animal
cconomy. It appears to be a secondary kind of respiration,
which, while it removes from the system the-superfluous
carbon, probably regulates the distribution of animal heat.
But of this we shall speak more at large, when we come to
treat of the organs of respiration. ¢

There are several circumstances which prove, that the
skin of the human body, in particular states, is capable of
exerting an absorbing power. Whether the absorption takes
place by peculiar vessels, or by the exhaling vessels having -
their motions reversed, or whether absorption ever takes

* We refer the reader for a minute and candid account of this cutancous
emission of carbon, to ¢ An Inquiry into the changes induced in Atmosphe-
ric Air, by the germination 'of Seeds, the Vegetation of Plants, and the Res-
piration of Animals ;” by DawNier ErL1s, 8vo, Edin. part i. 1807, and part ii.
1811 j—a work which exhibits accurate information and great caution.
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place in the state of health, are questions to which no satis-
factory answer has been given.

In the view which has been taken of the skin, its lay-
ers, appendices and functions, no characters have presented
themselves of any great value in the construction of primary
divisions in the classification of animals. The cuticle and
the corium, perhaps, exist in all animals. In some, the
mucous web is the scat of colour; but when this layer can
no longer be detected, we still find the remaining layers of
the skin, and their appendices, presenting even a brilliant
display of colours, intimating, that its absence has been
supplied, by the action of some of the other layers. The
muscular web is present in some, and almost absent in other
animals, even of the same class ; and the same observation
holds true with respect to the cellular web.

Hair is not peculiar to the mammalia. It is found on
birds and even worms. Feathers, however, are peculiar to
birds, as nothing analogous has been observed on the bodies
of other animals. Horns, scales, shells, and crusts, are
found on animals so widely different in form, structure and
habits, as to forbid the employment of the characters which
they furnish, in the construction of divisions of a high or-
der. Lately, however, Cuvier has distributed animals into
four divisions ; Vertebral, Molluscous, Articulated and Ra-
diated. The external character of the Articulated division,
in which inseets, lobsters and worms are included, is found-
ed on the appearances presented by the skins of the ani-
mals which it includes. In these, the body is either in
whole or in part formed into rings, by means of transverse
plates of the skin, or the skin contains scales or crusts, placed
like rings on the body, or some of its parts.

If the arrangement of the skin and its appendices, in

.whole or in part, into rings, was exclusively confined to
those amimals which are regarded as belonging to the annu-
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lose division, the investigations of the student would be
greatly facilitated by its construetion, as the character is ob-
vious and defined. This, unfortunately, is far from being
the case. The scales on the body of the armadillo, and
on the tail of a rat, arc morc obviously annulose than the
crust of the crab or the body of the aphrodite.

This external character, therefore, i1s somewhat deficient
in precision, or rather in exclusive properties ; and when
employed to designate a primary division,, may mislead or
bewilder the student. This is the more to be regretted, as
the internal or essential character of the division requires
dissection, and is difficult to detect. It is taken from the
appearances presented by the nervous system.

CHAP. VIL

ON TIIE OSSEOUS SYSTEM, INCLUDING THE COMPOSITION,
ARTICULATIONS AND ARRANGEMENT OF BONES.

Thae organs which we examined in the preceding chapter,
are generally considered as destined for protection, and are,
therefore, placed on the exterior of the body. The bones
occupy a different position. They are seated in the inte-
rior; and while they likewise assist in protecting many im-
portant organs, they, at the same time, give stability to the
frame, support to the muscles, and afford levers for the exe-
cution of locomotion.

I.—ComrosiTioN oF BoxNEs.

In considering the nature of bone, it will be of advantage
to the reader, to be made acquainted with its composition, -
in order to understand its mode of growth. The different
parts of which bones consist, may be reduced to four ; the
periosteum, cartilaginous basis, earthy matter, and fat.
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1. Periostcum.—This bears the same relation to the bone
as the skin to the body, serving as a covering for its surface,
and a sheath for the different cavities which enter it. Tt
varies in thickness, according to the nature of the bone. Its
texture is obviously fibrous ; and it possesses bloodvessels.
Its sensibility indicates the existence of rerves. Where
this organ covers cartilaginous processes, it is called Peri-
chondrium.

2. Cartilaginous basis.—This part of bone apparently
consists of gelatme and coagulated albumen. The gelatine
may be obtained by boiling the bone, previously broken in-
to small fragments, for a considerable time in water. If the
liquor be sufficiently concentrated, it will gelatinize when
cold. The coagulated albumen may be obtained, by
removing the earthy salts by means of weak muriatic acid.
What remains is termed cartilage. It retains the original
figure of the bone; and may be considered as the frame, in
the cells of which the earthy matter has been deposited. It
contains numerous bloodvessels, which reach it by passing
through the periosteum.

3. Earth y Matter—The quantity of earthy matter may
be ascertained, by exposing the bones for some time to a red
heat. The cartilaginous basis is consumed, and the earthy
matter 1s left behind ; or the carthy matter may be obtain-
ed in solution, by steeping the bone in diluted muriatic
acid. It chiefly consists of lime united with phosphoric acid,
forming phosphate of lime. Carbonate of lime occurs, but
generally in small quantity. Phosphate of magnesia is like-
wise found, sometimes to the amount of 8 per cent. Ilat-
cuETT detected a minute portion of sulphate of lime 3 and
BerzELIUS has confirmed the observation of other experi-
mentalists, as to the occurrence of fluate of lime to the extent
of 8 per cent.

4. Fat.—This part of bones bears a close resemblance
to the fixed oils,  In some bones, as those of whales, it oc-
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curs fluid like oil. In the hollow bones of oxen, it appears
more like butter, and is the well known substance termed
marrow. ]

When we trace the progress of the growth of bone, from
its first appearance in the foetus, unto its perfect state in the
adult animal, we perceive, that the cartilaginous basis and
the periosteum exist during every period : they are the only
parts which are organized, and are capable of enlargement
in every direction. At the commencement of the growth
of the bone, the cartilaginous basis is soft, flexible, and ge-
latinous. By degrees the earthy matter is deposited. It
proceeds, as it were, from centres near the surface of the
cartilage.  In the case of flat bones, the earthy matter is
deposited like two plates, one above the other, which gra-
dually unite at their edges, leaving a space between them,
in which the earthy matter is more cellular than the exterior
crusts. 'This space is termed diploé. In each plate, there
are one or more centres of ossification, where the earthy
matter is first deposited, and from which it is gradually ex-
tended over the whole surface. In the long bones, these
centres of ossification are more numerous. The central
parts are also more cellular than the surface, and called
their cancelli or lattice-work. The fat, in general, resides
in the cancelli, and in the hollow parts, towards the centre
of the bone.

The bones increase in size, not as in shells, seales, or
horns, by the addition of layers to the internal surface, but
by the expansion of the cartilaginous basis; which, when it
becomes saturated with earthy matter, is incapable of far-
ther enlargement. This is the reason why the bones of
young animals are soft and flexible, while those of old ani-
mals are hard and brittle.

The proportion between: the cartilaginous basis, and the
earthy matter, differs, not only in every animal according
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to age, the earthy matter being smallest in youth, but, like-
wise, according to the nature of the bone itself, and the
purposes which it is destined to serve. The teeth contain
the largest portion of carthy matter. Remarkable diffe-
rences are likewise observable, according to the class or spe-
cies. The bones of quadrupeds and birds contain a much
greater proportion of earthy matter than those of reptiles or
fishes. In some fishes, the carthy matter is so small, that
the cartilage continues, during the whole life of the ani-
mal, soft, flexible, and elastic, as the spine of the lamprey,
or a little more indurated, as in the bones of the skate and
shark.  These fishes have been termed cartilaginous.
Even in those fishes which are termed osseous, the cartilage
bears a much greater proportion to the earthy matter than
in quadrupeds.

Bone is readily reproduced, in small quantities, espeeial-
lyin youth. In the case of fracture, the periosteum in-
flames and swells, the crevice is filled up by a cartilaginous
basis, abounding in vessels, and the carthy matter is at
length deposited, giving to the fractured part, in many
cases, a greater degree of strength than it originally pos-
sessed.

In animals of the deer kind, the horns, which are true
bone, are annually cast off ; anatural joint forming at their
base, between them and the bones of the cranium, with
which they are connected. They are afterwards reproduced
under a skin or periosteum, whichthe animal rubs off when
the new horns have attained their proper size.

In some cases of discase, the carthy matter is again ab-
sorbed ‘into the' system, the cartilaginous basis predomi-
nates, and the bones beecome soft and tender. This takes
place in the discase of youth, termed Rickets, and in a si-
milar complaint of advanced life, known under the name of

- Mollities ossium. ¥ other instances, Hone is formed as a
2
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monstrous production, in organs which do not produce it
in a state of health, as the brain, the heart, and the pla-
centa *,

The ordinary colour of bone is white. = This, however,
isusually mixed with other colours in the tecth of herbivo-
rous quadrupeds. The bones of some varieties of the com~
mon fowl approach to blackness, and in some fishes they
are tinged with green.  The nature of the food exercises a
considerable influence over the colour, as demonstrated by
the red tint which the bones of fowls acquire, when mad-
der is mixed with their food.

The texture of bones exhibits many remarkable varie-
ties. It is compact in some places, as the teeth and bones
of the ear,—fibrous as the bones of the head in a fetus;,—
or cellular as those of the head of the cetacea.  In bones,
there are likewise tortuous holes, termed sinuses, differing
from those containing the bloodvessels or marrow, and
communicating, more or less, directly with the exterior of
the body.

The surface of particular bones is irregular, presenting
eminences which are termed processes, (apophyses.) When
these processes arc united to the bone by the intervention
of cartilage, which, with age, becomes ossified, they arc
termed Epiphyses. ,

As intimately connected with bone, we may here take
notice of Cartilage. This can scarcely be said to differ in
its nature, from the cartilaginous basis of the bone. It is
of a fine fibrous structure, smooth on the surface, and re-
markably elastic. It covers those parts of bones which are
exposed to friction, as the joints, and is thickest at the
point of greatest pressure.. By its smoothness, it facili-
tates the motion of the joints, and its elasticity prevents the
bad effects of any violent concussion. It is intimately

* Moxro’s Outlines of Anatomy, p. 62.
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umted with the bone, and can scarcely be regarded as dif-
ferent from an elongation of the cartilaginous basis. Where
it occurs at a joint with considerable motion, it is termed
articular or obducent cartilage. In other cases, it occurs
as a connecting medium between bones which have no ar-
ticular surfaces, but where a variable degree of motion is
requisite. The ribs are united to the breast-bone in this
manner. Between the different vertebra, there are inter-
posed layers of cartilage, by which the motions of the spine
are greatly facilitated. As these connecting cartilages are
compressible and elastic, the spine is shortened when the
body remains long in a vertical position, owing to the su-
perincumbent pressure. Hence it is that the height of man
is always less in the evening than in the morning. All these
cartilages are more or less prone to ossification, in conse-
quence of the deposition of earthy matter in the interstices.
To this circumstance may be referred, in a great measure,
the stiffness of age, the elasticity of the cartilages decreas-
ing with the progress of ossification.
Cartilage occurs even unconnected with bone, in parts of .

the system where strength and elasticity are required.

I1. ArTicuLaTIONS OF THE BoONES. S

The manner in which the bones of the skeleton are unit-
ed to one another, exhibits such remarkable differences, in
respect to surface, connection, and motion, that anatomists
have found it difficult to give to each kind of articulation an
appropriate name, and a distinguishing character. With-
out attempting to enter into the details of the subject, it
will be sufficient for our purpose, to enumerate the more
obvious kinds of articulation, and the motions each is des-
tined to perform ; not confining our attention to the bones
of the vertebral animals, but including the modes of junc-
tion between the hard parts which supply the place of

bones in the lower arimals.
)
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The different kinds of articulations naturally admit of a
division into two classes. In the first may be placed the
{rue joints, which possess articular surfaces, surrounding li-
gaments, and a lubricating liquor. In the second, there are
no articular surfaces, the lines of junction either uniting by
contact, or by the intervention of some connecting sub-
stance. The joinings are secured by a continuation of the pe-
riosteum of the one bone, until it unites with that of the other.
The first class of articulations is usually termed Diarthro-
$is,(due per aggor artus) ; the second has been long known by
the title of Synq)laysfs. As the articulation by symphysis is
the most simple in its structure, we shall consider its charac-
ters in the first place.

1. drticulation by Symphysis.—This kind of junction
takes place either without, or by means of a connecting me-
dium. The articulation which has no connecting me-
dium, 1s usually termed Synarthrosis ; that in which there
1s a connecting medium Amphiarthrosis.

Synarthrosis is a mode of junction which admits of no
motion, the connecting surfaces coming into close and per-
manent contact. When two flat bones join each other by
their edges, the line of division is called the suture. 1t is
termed serrated when the edges are jagged, and when the
projections of the one edge are received into recesses in the
other. 'The bones of the human skull afford fine exam-
ples of this kind of junetion. It is usually obliterated in
old age by the crevices being filled up with osseous mat-
ter. The dove-tail in architecture, is merely an imitation
of the serrated suture. When the edges of the bones are
even, and come in contact without indentation, the suture
18 said to be harmonic. Examples of this kind occur in
the boues of the head in quadrupeds and birds. It is ad-
mirably exhibited in the junctien of the plates of the crust

VOL. L K
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of the sea wrchin, (Echinus esculentus, L.) When the
thin edge of a flat bone covers that of another, the suture
is called squamous. Tt is very common in the bones of the
heads of fishes. In these three kinds of sutures, where

- they oceur in vertebral animals, the line of separation is
most distinct in youth, and gradually disappears in advan-
ced life, by the two bones becoming ossified into one. In the
kind of junction we are now to notice, this never takes
place.

When a pit in one bone receives the projecting extre-
mity of another, the junction is called Gomphosis, (yeppos
cuneus) because the one bone is inserted like a wedge into
the cavity in the other. The teeth in man and other qua-
drupeds, and the hooks in the snout of the saw-fish, afford
good illustrations of this kind of junction. It is unknown
among the invertebral animals.

There is another kind of immoveable articulation, exhi-
bited in the claws of cats, seals, and many other animals. It
consists in the one bone having a cavity, with a protuber-
ance at its centre, which receives another bone or hard part,
sheathing it at the margin, and projecting into its interior
at the centre. The claws are fixed in this manner on the
last phalanges of the fingers and toes of the above mention-
ed animals ; and thus have a bony cone and duplicature,
to give greater stability to their base.

Amphiarthrosis—is a mode of junction between bones,
by the intervention of a substance, softer and more plia-
ble, by means of which, a degree of motion is permitted,
limited by the extent of its flexibility. Where two bones
are united by the intervention of cartilage, as is most fre-
quently the case; the junction is termed Synchondrosis,
(eo» cum yadge; cartilago.) In this manner the ribs are unit-
ed with the breast-bone, and the two sides of the lower jaw
with each other, in the vertebral animals. The motion in

{
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this case is limited by the dimensions of the inter\-rening
cartilage, sometimes by its nature ; for, where it serves to
connect the vertebra of quadrupeds, it is much more flex-
ible and elastic than it is in the other parts. Where two
bones are united, by the intervention of ligament, or even
skin, the junction may be termed Syndesmosis, (cvrdiopeos li-
gamentum.) It is harmonic when the even edges of thin
bones are prevented from coming in contact, or from reced-
ing, by the intervening soft part. In this case, the extent
of motion is limited by the degree of flexion or extension
of which the connecting’ medium is susceptible. The shells
of the Bernacle (Lepas) afford good examples of this kind of
connection. Inthe squamous syndesmosis, thethin edgeofone
bone covers the surface of another, in such a manner as to
permit both bones to slide upon each other. The gill-flaps
of many fishes, some of the bones of the head of the lamprey?
and the dorsal plates of the chifons exhibit this kind of arti-
culation. In the syndesmosis, by inclusion, the bones or hard
parts are in the form of tubes, united to each other at the
extremities by a common membrane passing from the one
to the other. When the common membrane is long, flexi-
ble, and elastic, almost every kind of motion may be per-
formed. When the tubes are nearly in contact, a lateral
movement only can be executed, by a part of the circumfe-
rence of the one tube penetrating the interior of the other.
When the one tube is smaller than the other, it may be
withdrawn into the cavity of the larger, or extended, at the
will of the animal. There are frequently processes and ca-
vities in the contiguous margins of the tubes, which regu-
late the direction and extent of the motion this kind of
junction is designed to perform. Numerous examples of
articulation by inclusion, occur in the limbs of insects and

crabs.
02
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When bones are united by the intervention of flesh, the
junction is termed Syssarcosis, (svr cum cagt caro.) Of this
sort is the union of the scapula with the ribs. In some
cases, particularly in the junction of the upper mandible
with the head, in many birds, there is an intervening thin
bony plate, which being flexible, admits of a small degree
of motion, and thus constitutes an example of osseous am-
phiarthrosis.

. Articulation by Diarthrosis—preésents several varie-
ties differing in the forms of the articular surfaces, and the
kind of motion of which they are susceptible. The articu-
lar surfaces are enveloped with cartilage, remarkable for the
smoothness of its free surface, and its intimate union with
the bone, of which it forms a protecting covering. The
periosteum is not continued over the surface of the carti-
Jage, but is prolonged like a sheath over the joint, until it
joins that of the opposite bone. It thus forms a close bag
at the joint, into which nothing from without can enter, and
from which nothing can escape. Into this bag the lubrica-
ting liquor termed synovia is conveyed. It is secreted
by a mucous membrane on the interior, on which, as it in
some cases appears like little bags, the term bursa mucosa
has been bestowed upon it.

The nature of synovia has never been investigated with
much care or success; even the experiments which have
been detailed, afford results so very different, that no aceu-
rate conclusions can be drawn from them, although the sy-
novia of the joints of oxen has been exclusively employed.
The two following analyses may here be exhibited.
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Water, & 2 80.46 98.3
Fibrous matter, . - 11.86
Albumen, 4 # 4.52 .53
Gelatine and Mucilage, - 93
Muriate of Soda, - & 1.75 .28
Soda, 3 = T a trace.
Phosphate of lime, - .70 —_
100.00  99.99

Margueron®, J. Davy +.

Besides the sheath formed by the continuation of the pe-
riosteum, and which is too slender to retain the bones in
their proper place, the joints are furnished with ligaments.
These are membranes of a dense fibrous texture, flexible,
elastic, and possessed of great tenacity. They have their
insertion in the periosteum and bone, with which they are
intimately united. When they follow the course of the pe-
riosteum, and form a sheath round the joint, they are term-
ed capsular. When they occur as broad belts on the sides
of the joint, they are called lateral; and when they pass
from one articular surface, like a cord, into the other, they
are called central. 'Their composition has not been investi-
gated with care. It is probable that they approach the
nature of cartilage. They serve to secure the joints from
dislocation—an accident that can scarcely happen, unless
the ligaments be previously lacerated. They likewise, in
some cases, furnish a basis for the origin or insertion of
muscles.

The motions which joints of the kind are capable
of performing, may be reduced to three kinds—flex-
ion, twisting, and sliding. In flexion, the free extre-
mity of the bone which is moved, approaches the bone

¥ Annales de Chimie, xiv. 127.
4+ Moxro's Outlines of Anatomy, i. p. 82.
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which is fixed, describing the segment of a circle, whose
centre is in the joint. In fwisting, the bone which is mov-
ed turns round its own axis, or round an imaginary axis,
passing through the articulation. 1In sliding, the free ex-
tremity of the bone moved, approaches the bone which is
fixed, in a straight line.

The form of the joints, in order to admit of these diffe-
rent motions, is exceedingly various. When a large sphe-
rical shaped head, called a condyle, is received into a deep
cavity, there is formed the ball and socket joint, or the En-
arthrosis of anatomists. In this articulation, both flexion
and twisting are permitted, and it is the kind of joint em-
ployed in those members where great freedom of action is
required. When the cavity is shallow, and the head flat,
or when both surfaces are nearly plain, the articulation is
termed by anatomists Arthrodia. Flexion cannot be per-
formed by this kind of joint to any extent, and the motion
by twisting is likewise limited. Tt is principally, employed
where a great frecdom of action is not necessary, but where
flexion, twisting, and sliding are all in a small degree requi-
site, as is the case with the bones of the hand and the foot.
Where sliding only is required, the articular surfaces are
cither flat, as is the case with the bones which join the or-
bital septum in ducks, and unite the central branches of the
palatine arch with the os quadratum, or, there is a groove
formed by the one bone to slide along a ridge on another.
This appears to be the case with the central branches of the
palatine arch in the solan-gouse, which are ossified, and
cover the inferior edge of the orbital ridge like a saddle.
‘These articulations are necessary to regulate the motions
of the upper mandible in birds.

When the articulating surfaces are semicylindrical, the
one convex and the other concave, or when both are
. partly convex and partly concave, the joint is called
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a hinge or ginglymus (yw[rvpwes cardo) This kind of
articulation may be either simple or compound. Tt is
simple when the convex surface of the one bone is re-
ceived into the concave surface of the other. The under jaw
of quadrupeds is articulated in this manner with the head.
In the badger, this hinge-joint is so perfect, that the jaw
remains in its place, even after all the ligaments and cartila-
ges have been removed, and cannot be separated from the
head without breaking the margin of the joint. In the com-
pound ginglymus, both articulating surfaces mutually re-
ceive and are received. In this kind of joint, motion can
only be performed by flexion or extension.

In attending to these different articulations in the animal
system, it will readily be perceived, that they pass into one
another by insensible gradations, according to the kind or
the extent of the motion which is required to be performed.
Hence, the same bone is not similarly articulated at the
same part in different species, nor at its different extremi-
ties in the same species.

The different bones which occur in the body of an ani-
mal, when united, are termed its skeleton. They serve
as a support and protection to the soft parts, and to de-
termine, to a certain degree, the forms, magnitudes, and
motions of theindividual. The bones of a skeleton are usu-
ally divided into those of the head, the trunk, and the ex-
tremities.

The bones of the kead are present in every animal fur-
nished with a skeleton. They consist of those various plates
which form the cranium, for the reception of the brain;
those of the fuce, which, including the orbits of the eyes,
and the cavities of the nose ; and those of the mouth, in-
cluding the jaws. All these bones vary according to the
species, in number, form, articulation, and size. That
part of the body where the head is placed, is denominated
the anterior extremity.



120 PHILOSOPHY OF ZOOLOGY.

The bones of the runk consist of the vertebrae, ribs, and
sternum. 'The wvertebre form what, in common language,
is called the back-bone. They vary greatly in number,
and even structure. They serve to protect the spinal mar-
row, and to give stability to the ribs and the extremities.
They obtain different names, according to the situation in
which they occur, as cervical, dorsal, lumbar, sacral, and
caudal. But,in many animals, these distinctions can scarce- -
ly be retained with propriety, in consequence of the absence
of the parts from which they have derived their names.

The ribs are wanting in several vertebral animals, as the

Jrog, shark, and ray. When present, they are either

united by the one extremity to the vertebra, and by the
other to the sternum, forming #rue ribs; or they are only
fixed by a joint at one of their extremities, either to the
vertebrae or sternum, and are then ealled false ribs.

The sternum, or breast-bone, is wanting in many animals,
as serpents ; and, where it does cxist, it varies greatly in its
form and dimensions.

The extremities, where perfect, as in man, are four in
number, two arms and two feet ; termed by anatomists the
anterior and posterior extremities. In quadrupeds they are
termed fore and hind legs; in birds, wings and legs; and
in fishes, pectoral and ventral fins. 'The bones of the an-
terior extremity consist of those of the shoulder, the arm,
the fore-arm, and the kand. Those of the posterior extre-
mities, are the &ip, the thigh, the leg, and the foot. In
some animals, as serpents, the extremities are wanting ; in
whales, the posterior extremities cannot be distinguished
from the tail ; and in many fishes they are wanting.

" Besides these bones, which are considered as more imme-
diately connected with the skeleton, there are many others,
such as those of the tongue in quadrupeds, and of the fins
in fishes, which are not intimately united with the skele-

ton, but which serve to give strength and support to the
parts where they occur.

»
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In taking a rapid sketch of the different parts of

the skeleton, we may perceive, in the more pertect ani.
mals, that, while some bones, such as those of the head and

the vertebra, are always present, others, as the sternum,
ribs, and extremities, arc only found in the species of parti-
cular classes or orders. The animals in which a skeleton
is found, even in its simplest forms, are few in number, in
comparison with those whose hard parts are either connect-
ed with the integuments, as we have already noticed, or
form solid pieces of support, differing from bone in compo-
sition, and destitute of articulation. These circumstances
have given rise to a division of animals into two classes, the
Vertebral and Invertebral ; the former possessing a verte-
bral column, of which the latter are destitute. The honour
of forming these divisions, is claimed by M. LaMazx, in his
¢ Systéme des Animaux sans Vertebres,” 8vo, 1801. The"
same groups, however, have been known to naturalists since
the days of AristorLe, the vertebral having been termed
Sanguineous, and the invertebral Exanguineous. Among
the vertebral animals, are included Mammalia, Birds, Rep-
tiles, and Fishes ; and, among the invertebral, those which
were termed by LinnNevs, Insects and Worms.

This primary division of animalsinto vertebral and inver-
tebral, is natural ; and the distinction, after alittle acquaint-
ance with the species, is obvious, and of easy application.

It may, however, be observed, that, among the inverte-
bral animals, there are hard parts, which, though differing
from bone in composition and structure, answer the same
purposes in the animal economy. They all appear to be
formed after the manner of shell, or horn, by the addition
of layers of earthy matter on one of their surfaces, and not
by the extension of a cartilaginous frame-work. In compo-
sition they likewise bear a close resemblance to shell, con-
sisting principally of carbonate of lime; with a variable pro-
portion of animal matter. In some cases, there are traces



122 PHILOSOPHY OF ZOOLOGY.

of phosphate of lime. *They are either connected with the
digestive system, as the teeth in the stomach of the lobster,
or the jaws and teeth of the Sea-Urchin, (Echinus,) or they
constitute a central support for the soft parts, as the bone
of the Cuttle-fish, or the stalk of the Sea-pen.

CHAP. VIIIL
ON THE MUSCULAR SYSTEM.

H ivine considered, in the two preceding chapters, the
integuments which invest, and the bones which support, the
animal frame, we are now prepared to consider the organs
by which motion is executed, constituting the muscular sys-
tem.

The investigation of this class of organs, unfolds the
most singular mechanism of parts, and an infinite variety
of movements, enabling the animal to perform the internal
and external actions necessary to its existence.

The muscles appear in the form of large bundles, con-
sisting of cords. These, again, are formed of smaller
threads, which are capable of division into the primary fila-
ments. Each muscle, and all its component cords and fila-
ments are enveloped by a covering of cellular membrane,
liberally supplied by bloodvessels and nerves.

The primary filaments appear to be parallel, and to be

“of very small demensions. Procuaska* found them
nearly ;5355 of an inch ; while Mr Baugr estimates them
at only 5555, or the size of the globules of the blood,
when deprived of their colouring matter +. Differences of

® «In meis experimentis maxima globula rubri sanguinis diarneter com-
parata cam diametro fili carnei se habere videbatur ut 8 vel 7 ad 1; unde
concluditur filum carneum a globulo rubro sanguinis superari crassitie sua
vicibus inter quadraginta et sexaginta.”—Operum Minorum, pars 1. p. 198.

+ Phil. Trans. 1818, p. 175.
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opinion, equally remarkable, prevail among observers, with
regard to the appearances of these primary fibres.

LeruwenHack found the filaments of the muscles of a
frog transversely striated. 'When recent, they were cylin-
drical ; but, upon drying, they contracted, and exhibited a
groove on one side*. Mr Baukr describes them as moni-
liform +, and apparently constructed of a series of globules.
These globules Sir E. HoME is inclined to consider as the
remains of the globules of the blood, from which they have
originated, adhering in a line; an’ opinion which the facts
of the case by no means warrant }.

At the extremities of the muscular fibres, where they
are attached to the more solid parts, there are usunally threads
of a substance, differing in its appearance from the muscle,
and denominated Tendon or Sinew. 'The tendons are, in
general, of a silvery-white colour, a close, firm, fibrous tex-
ture, and possess great tenacity. The threads of which
they consist, are attached on the one extremity to the sur-
face of a bone, or other hard part ; and on the other, they
are varionsly interspersed amongthe fibres or bundles of the
muscle. They are considered as destitute of sensibility
and irritability, and form a passive link between the muscle
and the bone, or other point of support.

The muscles, after being freed from those substances
which adhere to them, such as bloodvessels and cellular tis-

* Oper. Om. vol. ii. p. 58, f. 4. & p. §9. f. 5.

+ By the term Monsliform naturalists in general refer to an organ, con-
sisting of globules lineally and closely arranged, like the beads of a neck-
lace, When the globules press so closely as to alter their shape, and render
the line of separation less distinct, the term Jointed is usually applied. On
the other hand, when the globules are a little distant from one another, with
an apparent connecting thread, the term Perfoliate is substituted.

3 Phil. Trans. 1818, tab. viii. f. 4, 5, 6.
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sue, consist of _fibrin, whose properties have been already
detailed. The tendons, on the other hand, consist chiefly
of gelatine. Hence, when meat is boiled, the tendons are
(hssol\cd by the warm water, and the muscles separate
readily from the bones.  Although the presence of tendons
in the muscles of testaceous mollusca cannot be perceived
by the eye, yet, as boiling water destroys their connection
with the shells, the presence of gelatine, and hence of ten-
don, may be inferred. In quadrupeds which leap much,
as the Jerboa, and in birds which walk much, the tendons
become in part ossified ; so that the points of support of
the muscle are thereby increased.

Muscles are said to be either simple or compound in
their structure. In the simple muscles, the fibres have a
similar direction; and are cither formed into a long round
bundle, thickest in the middle, termed venériform ; or they
proceed from an extended base, and converge to a small
tendon, when they are termed radiated ; or resemble a fea-
ther, and are called penniform. Inthese last, the muscular
fibres are arranged like the barbs of a feather, along a
middle line of tendon, resembling the shaft. In the com-
pound muscles, the bundles of fibres and tendons are vari-
ously interwoven. '

Muscles are the most active members of the animal Frame.
They alone possess the power of irritability, and execute
all the motions of the body. The causes which excite them
to action, may be reduced to two kinds. In the first, the
will, through the medium {of the nerves, excites the irrita-
bility of the fibres; and in the second, the action is produ-
ced by the application of external objects, either directly, or
by the medium of the nerves.

The division of the muscles into voluntar 7 and involun~

tary, is sufliciently accurate to convey distinct ideas of these
3



STRUCTURE OF MUSCLES. 125

two classes of exciting causes in ordinary circumstances. In
some cases, it is true, we can acquire by habit a controul
even over the involuntary muscles; and the muscles which
are voluntary in one animal, may be involuntary in another.
We may, however, add, as peculiar characters by which
they may be distinguished, that the involuntary muscles
are more durable in their action, more easily excited, and
retain, even when separated from the body, their facility of
irritability for a great length of time; while the volunta-
ry muscles become fatigued by continued action, and
require intervals of rest to recruit their exhausted ener-
gies.

When the fibres of a muscle are excited to action by any
irritating cause, a simultaneous movement is performed.
They become shorter, more rigid, and in many cases ap-
pear somewhat angular. In consequence of this contrac-
tion, the two extremities of the muscle approach, bringing
along with them the parts to which they are attached. In
what manner the particles of the muscular fibre arrange
themselves during contraction, anatomists have been unable
to discover. That they approach each other, is obvious ;
and that their cohesive power suddenly increases, appears
evident, from the small force which prevents a muscle from
contracting, compared with the prodigious resistance which

- it offers when contracted. Dr WoLLasToN is of opinion,
that each muscular effort, apparently single, consists in re-
ality, of a great number of contractions, repeated at ex-
tremely short intervals; so short, indeed, that the interme-
diate relaxation cannot be visible, unless prolonged be-
yond the usual limits, by a state of partial or general debi-
hity. He arrived at this conclusion, by attending to the
sounds perceived in the ear upon the insertion of the tip of
the finger. It is probable, however, that these sounds are
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occasioned partly hy the air in the ear, and partly by the

motion of the bloodvessels *.
The changes which take place in the tenacity of muscles

after death, are very remarkable. The same force which
they could resist with ease, in a living state, is sufficient to
tear them to pieces after the vital principle has departed.
The tendons, which are sometimes lacerated by the violent
contractions of the muscle during life, are much stronger
than the muscle itself after death. 'These circumstances
serve to confirm us in the belief of a vital power. If it
does not exist, it remains with the mechanical and chemical
philoscphers to determine, what strengthening principle has
departed with life, and whence the weakness of death.
Muscles, from their mode of action, may be divided into
circular and longitudinal. ~ In. the circular muscles, the
fibres are so arranged, that they contract the part to which
they are applied in all its dimensions, as the muscles of the
heart and tongue; or they merely contract the extremity
of a tube, so as to close it. In this last case, they are de-
nominated sphincters. 'The longitudinal muscles may be
compared to ropes, drawing towards them the objects to
which they are attached in a direction influenced by the
form of these objects; and the other muscles acting in con-
cert. Where the one extremity of the muscle is attached
to a hard part, and the other to a soft, the mechanism is
usually of the simplest kind. But where both extremities
are fixed to hard parts, which are destined to be used as
levers, more complicated machinery is requisite. 'We have
already adverted to the different forms of the joints of the
bones suited to different movements. The muscles are
fixed to these bones at various angles, and various distan-

® Phil. Trans. 1810, p. 2.
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ces from the joints. The positions assigned them are not al-
ways the most favourable for the movement of the levers;
but they could not be otherwise, without altering the external
shape, and giving to it an appearance the veryreverse of those
round or tapering forms so commonly exhibited in organiz-
ed bodies. But the disadvantages attending the obliquity
of the muscles, with respect to the bones which they are
destined to move, are abundantly compensated by other
means. The heads of the bones are frequently larger than
the body to which the tendons are attached ; so that these,
by passing over the convexity to the place of their insertion,
form a more obtuse angle with the lever, than if the head
did not exist. The origin and insertion of a muscle are
frequently at some distance ; and the muscle passes through
holes in other bones, or is bound down by amular liga-
ments ; so that the motion is performed without destroying
the proportion of the part. ~ Although muscles, which thus
move the bones as so many levers, may be compared to
ropes in the effects which are produced, there is a remark-
able difference in the manner of their action. As the
muscles contract in length in every part, and, by the con-
traction, change their shape and become more rigid and an-
gular, every bundle may be said to assist another ; so that
in the very muscle itself, there may be formed both levers
and fulcra; thus giving to it powers, which, were it acting
like a cord, it could not have in consequence of its posi-
tion.

Let us now -take a view of the muscles, as concerned in
the production of the different motions exhibited by ani-
mals. . These are exceedingly various in their extent and
duration, and in the organs employed to perform them.

It is obvious, that as animals are exposed to the vicissi-
tudes of the elements, the fluctuation of the atmosphere and



148 PHILOSOPHY O ZOOLOGY.

the waters, they could not perform the ordinary functions
of existence, unless possessed of faculties fitting them for re-
sisting such disturbing forces. Let us therefore contem-
plate the provisions made for enabling animals to remain at
rest, previous to an examination of their displays of the fa-
culty of locomotion-

1. Proneness—Many animals protect themselves against
the disturbing movements of the air and water, by placing
their bodies in a prone position. They thus diminish the
extent of their resisting surface. To give still greater effi-
cacy to this protecting attitude, they retire to valleys,
woods, or dens, on the earth, or to the deepest places in the
waters ; and are thus able, by the weight of their own bo-
dies and the advantages of their position, to outlive the cle-
mental war. 'The Zetlandic fishermen have repeatedly as-
sured me, that cod-fish swallow stones before a storm, to
enable them to rest more securely at the bottom of the sea,
during the continuance of the agitated waves.

But there are other animals, which, while they are equal-
ly cautious to make choice of proper situations for their
safety, employ in addition, peculiar organs with which they
are provided, to connect themselves more securely with the
bases on which they rest.

2. Grasping.—The most simple of these expedients,
Grasping, is displayed by bats, birds and insects, in the
employment of their toes, with their claws, in seizing the
subjects of their support. In birds, the assumption and
continuance of this attitude is accomplished by a mechani-
cal process; so that there is no expenditure of muscular
energy. In every case of this kind, the claws are so ad-
mirably adapted to the station of the animal, that the de-
tention of the body in the same spot during this state of
rest, is accompanied with little exertion.
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8. Suction.~The third method of fixing themselves,
employed by animals, is suction. The sucker, which acts
in the same manner as the moistened circular piece of lea-
ther, with a cord fixed to its centre, and applied to the sur-
face of a stone, known to every school-boy, varies greatly in
its form, and even structure. In the limpet, and other gas-
teropodous mollusca, its surface is smooth and uniform ;
dnd the adhesion appears to depend on its close application
to every part of the opposing surface. In other animals,
as the leech and the.sea-urchin, the sucker is formed at
the extremity of a tube; the muscular motions of which
may serve to pump out any air which may reniain; after
the organ has been applied to the surface of the body. In
a third class, the sucker is more complicated inits structure,
consisting of many smaller ones, so disposed as to act
in concert, as on the head of the Remora, or the breast
of the lump-fish. Among the vertebral animals, nei-
ther quadrupeds nor birds possess any sucker. It is
found among a few reptiles and fishes. The extremities of
the toes of many insects possess complicated suckers: Among
the mollusca and zoophytes, there are few in which suckers
in some form do not exist. By means of this organ,
whose power of cohesion must depend, not only on the ex-
tent of its surface, but the strength of the muscles which
produce the vacuum, these animals can remain in the same
spot, although acted on by forces to which their own weight
could offer no adequate resistance. PENNANT states, that
he heard of a lamprey which was taken out of the Esk,
weighing three pounds, adhering to a stone of twelve pounds
weight suspended at its mouth *.

4. Cementation.—The fourth method, termed cementa-
tion, employed by animals to preserve themselves stationary,

* Brit. Zool. iii. p. 78

VOL. L. 1
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consists in a part of their own bodies being cemented to the
substance on which they rest. This takes place in the com-
mon mussel, by means of strong cartilaginous filaments,
termed the Jyssus, united in the body to a setreting gland,
furnished with powerful muscles, and, at the other extremi-
ty, glued to the rock or other body to which it conncets
itself, In other cases, as in the oyster, the shell itself is ce-
mented to the rock. This method of resisting the action
of the disturbing forces of the air and the water, is unknown
among the vertebral animals. In the Mollusca, it occurs
in those with shells termed byssiferous, and fized. In the
Annulosa, among spiders and some caterpillars, protecting
threads are frequently employed. Among the Zoophytes,
the adhesion between them and the substance on which
they grow, is generally accomplished by means of a ce-
ment, connecting (as in nearly all animals fixed by cementa-
tion) their body for life to the spot where they first adhered.

Let us now attend to the muscular motions of animals,
as displayed in the various positions assumed and actions
performed, in the exercise of the locomotive powers. The
first of these which demands our attention, is,

1. Standing.—In this position the body is raised above
the ground, and supported on its legs. 'Fhe facility with
which this attitude is assumed, and the length of time in
which animals can remain in it, depend on a variety of cir-
cumstances, connected with the figure and density of the
different parts of the body, and the form, position, and
strength of the limbs.

In order to enable an animal to support itself firmly on
its limbs, it is necessary that these parts be so disposed, as
that the centre of gravity of the whole body fall within the
space which they. occupy, and that the muscles have suffi-
cient power to counteract those movements which might
displace the body from that position. It is obvious, that
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the more numerous the limbs, and the more equally they
are distributed on the inferior side of the body, the more
securely will the centre of gravity be retained within the
space which these feet m¢lude. In the annulose animals,
termed myriapoda, the feet, which are numerous, and very
strong in proportion to the size of the body, are so placed,
that the centre of gravity of the body can never fall beyond
the surface occupied by them ; and consequently, these ani-
mals may be considered as possessing, in the greatest degree
of perfection, the qualifications necessary for assuming and
maintaining a standing position. In many of the true or
hexapodal insects, the same provision for preserving the
body in a standing posture may likewise be observed. The
feet are well qualified, by their strength, for supporting the
body, and when stretched out, the space which they m¢lude
is, in general, many times larger than its bulk.

Among the vertebral animals, standing is an’ attitude
practised by the’ Mammalia and Birds only. Among the
mammalia, all, except Man, stand on four feet. The body,
in this case, rests on an extended base; but as the head
projects more or less in front of the trunk, to which the
fore-legs are attached, the centre of gravity falls nearer
these than the hind-legs. They are on that account strong-
er than these last, to enable them to support this addition-
al burden, unless in those cases where' the hind-legs are
used for particular kinds of motion. The head is support-
ed by the cervieal ligaments, and by‘ muscles, which vary
in strength with the weight of the head, and the actions
which it is required to perform. A

In Man; standing is performed on two legs only. The
mechanical structure of his body enables hini -to do this
without any singular exertion. The weight of his head,
the weakness of his_arms, and the incorivenient length of
his legs, all prevent him fiom standing on his four éxtreni-

12
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ties. On the other hand, the great breadth of his feet, the
form of his toes, and the position of the muscles which move
them, render them peculiarly calculated, not only for pres-
sing the ground to a considerable extent, but embracing
some of its inequalities. From the breadth of the pelvis,
the legs are placed farther distant in proportion than in the
other mammalia, and thus include a more extended base,
while the trunk is able to rest upon it more securely. It is
owing to these circumstances that the vertical position is
easily assumed and maintained by man, while, among qua-
drupeds, it is painful. When they do assume it, they in
general bend their hind-legs so that their buttocks rest on
their heels.

In Birds, the body, during the position we are now de-
scribing, is seldom vertical with respect to the extremities.
In some water-fowl, as the grebes, the feet are situated so
far behind, and the weight of the body is so great anterior-
ly, that they could not stand with the body leaning for-
wards, like the generality of birds, without a peculiar ar-
rangement of the feet. We accordingly find the body as-
suming nearly a vertical position. In some cases where
birds stand in this attitude, the tail likewise assists in form-
ing a more extended support, by resting on the ground, as
may be seen in the cormorant. In some birds, however,
as the rail, in which the legs are placed far behind, the
toes are umcommonty long, so that the tendency of the fore
part of the body to fall to the ground is thus prevented, by
the resistance which they offer. The length of the toes,
and the manner in which they are disposed, joined to the
disposition of the body with regard to its centre of gravity,
enable many birds to stand for a great length of time on
one foot only, without much exertion. In the stork, ¢the
surface of the femur that articulates with the tibia, has, in
its middle, a depression which receives a projection of the
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latter bones. In bending the leg, this process is lifted out
of the depression, and removed to its posterior edge. By
this motion, the ligaments are necessarily more stretched
than during the extension of the leg, in which the process
remains in its socket. These ligaments, therefore, preserve
the leg extended in the manner of some springs, without
receiving any assistance from the muscles *.”

. 2. Walking,—This action 1s defined by CuvIER, to be a
motion on a fixed surface, in which the centre of gravity is
alternately moved by one part of the extremities, and sus-
tained by the other, the body never being at any time
completely suspended over the ground. It is produced by
the alternate flexion and extension of the limbs, aided by
the motions of the trunk, advancing the position of the
centre of gravity in the intended direction.

In animals with many feet, as the myriapoda, walking
is performed by so uniform a motion, that the body may
be said to glide along the surface. The feet do not move
by pairs, but by divisions, containing from five to twenty,
and upwards. In the insects with six feet, the anterior and
posterior legs on one side, and the middle leg on the other,
are moved at the same time, so that the body is always
supported by two legs on the one side, and one leg on the
other.  The hair on the rings of caterpillars, likewise
serve as feet in assisting progressive motion. In animals
with four feet, ¢ each step is executed by two légs only ;
one belonging to the fore-pair, and the other to the hind-
pair ; but sometimes they are those of the same side, and
sometimes those of the opposite side.” The latter is that
kind of motion in horses, which grooms term a pace. The
right fore-leg is advanced so as to sustain the body, which
is thrown upon it by the left hind-foot, and at the same

* Cyvizr’s Comparative Anatomy, Lect, vii. a, 1.
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time, the latter bends in order to its being moved forward.
While they are off the ground, the right hind-foot begins
to extend itself, and the moment they touch the ground,
the left fore-foot moves forward to support the impulse of
the right foot, which likewise moves forward. The body
is thus supported alternately by two legs placed in a dia-
gonal manner. When the right fore-foot moves, in order to
sustain the body, pushed forward by the right hind-foot,
the motion is then called an amble. The body, being al-
ternately supported by two legs on the same side, is obh-
ged to balance itself to the rmht and left, in order to avoid
falling; and it is this balancing movement which renders
the gait so soft and agrecable to women and persons in a
weak state of body * : "

In walking with two feet, as takes placein man and birds,
the whole weight of the body rests on each leg alternately ;
so that the movement is in a zig-zag direction. These un-
dulations are rendered more conspicuous in some birds, by
the form of their feet and toes, by which they are prevented
from moving them in the direction of the mesial line; but
are, at each step, compelled to move the leg outwards, in a
semicircular manner. In some quadrupeds, as the seal,
and in many reptiles, the limbs are placed perpendicular to
the mesial line; and, in the progressive motion, the body is
dragged along the ground, as the flexion and extension of
the hmbs 'fnc unable to elevate it above the surface.  Such
animals are said to crawl.

But, besides these modes of walking, which we have now
stated, there are others, in which the progressive motion is
similar, but the means employed to accomplish it are diffe-
rent. 'The principal of these may be termed the Serpen-
tine Motion. Tt consists in bringing up the tail towards

———— e —

* Cyvigr’s Comp, Anat Lect. vii.
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the head, by bending the body into one or more curves,
then resting upon the tail, and extending the boedy, thus
moving forward, at each step, nearly the whole length of
the body, or one or more of the curves into which it was
formed. In serpents this motion is well displayed; and,
in some cases, it would appear that they are assisted in it by
means of their ribs, which act as feet. Among the mol-
lusca, and many of the annulose animals, the same kind of
motion is performed by alternate contractions and expan-
sions, laterally and longitudinally, of the whole of the body,
or of those parts which are appropriated to progressive mo-
tion. In some cases, these actions are so minute that the
body seems to glide along the surface with a uniform pro-
gress. Many of the annulosa are assisted in their pro-
gress, by the hairs or spines with which their bodies are
furnished, entering the inequalities of the surface, and pre-
venting a retrograde movement. In some, the body is so
soft and pliable, as easily to accommodate itself to the in-
equalities of the surface over which it glides, and derives as-
sistance from these in its progress. In others, there is a
viscous substance secreted from their bodies, which, in the
slug, may enable it to attach one part of its body more
firmly to the surface on which it is moving, while it drags
up the remainder to a new position.

But there is another mode of moving analogous to walk-
ing, performed by means of the suckers to which we have
already referred. Where the organ of motion is a uniform
extended surface, as the foot of the limpet, the manner of ad-
vancing must resemble the motion of serpents. Part of the
foot will be detached from the surface, and form arches ;
while the remaining points will adhere by suction, until the
others reach new points of support. Where the suckers
are numerous, as on the belly of some caterpillars, they act
by alternate adhesion and separation, with an intervening
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motion resembling the action of feet. Where the organs of
adhesion are double, one at each extremity, as in the leech,
the mouth adheres to one part of the surface, while the tail
is brought up towards it, and is then fixed, the body being at
this time like an arch. The head then quitsits hold, the body
extends itself, and, when at full length, the head is again
attached, and the tail brought up. By these alternate move-
inents, the leech, at every sfep, advances nearly the length
of its own body. In some of the intestinal worms, the ad-
hesiort of the head takes place by means of reversed spines
or hooks, as in the Echihorinchus.

3. Leaping.—In the action of leaping, the whole body
rises from the ground ; and, for a short period, is suspend-
ed in the air. Tt is produced by the sudden extension of
the limbs, after they have undergone an unusual degree of
flexion. The extent of the leap depends on the form and
size of the body, the length and the strength of the limbs.
The myriapoda are not observed to leap. Many of the spi-
ders and insects leap with ease, both forwards, backwards,
and laterally. In those which are remarkable for this fa-
culty, the thighs of the hind-legs are in general of uncom-
won size and strength. Among reptiles, the leaping frog
is well known, in opposition to the crawling toad. Among
quadrupeds, those are observed to leap best, which have
the hind legs longer and thicker than the fore legs; as the
kangaroo and the hare. These walk with difficulty, but
leap with ease.

"The motion of leaping is not confined to animals furnish-
ed with legs; nor, even among these, is the action confined
to the legs. Serpents are said to leap, by folding their bo-
dies into several undulations, which they unbend all at once,
according as they wish to give more or less velocity to their
motion. 'The jumping maggot, found in cheese, erects it~

bsclf upon its anus, then forms its body into a circle, by
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bringing its head to the tail ; and, having contracted every
part as much as possible, unbends with a sudden jerk, and
darts forward to a surprising distance. Many crabs and
poduree bend their tail, or hairs which supply its place, un-
der their belly, and then suddenly unbending, give to the
body a considerable degree of progressive motion.

4. Flying.—Flying is the continued suspension and pro-
gress of the whole body in the air, by the action of the
wings. In leaping; the body is equally suspended in the
air, but the suspension is only momentary. In flying, on
the contrary, the body remains in the air, and acquires a
progressive motion by repeated strokes of the wings on the
surrounding fluid.

The centre of gravity of the bodies of flying animals; is
always below the insertion of the wings, to prevent them
falling on their backs, but near that point on which the
body is, during flight, as it were suspended. The posi-
tions assumed by the head and feet are frequently calcu-
lated to accomplish these ends, and give to the wings every
assistance in continuing the progressive motion.

The action of flying is petformed by animals belonging
to different classes. Among the Mammalia, bats display
this faculty, by means of wings, formed of a thin membrane
extending between the toes, which are long and spread-
ing, the fore and hind legs, and between the hind-legs and
the tail. In Birds; the wings, which occupy the place of
the anterior extremities in the mammalia, and are the or-
gans of flight, consist of feathers, which are stronger than
those on the body, and of greater length. Among Reptiles,
the flying lizard may be mentioned, whose membranaceous
wings, projecting from gach side of the body, without be-
ing connected with the legs, enable it to fly from one tree
to another in search of food. A few Fishes are likewisc ca-
pable of sustaining themselves for a short time by means
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of their fins ; these are termed flying-fish. 'The power of
flight, among the invertebral animals, is confined to in-
sects with six feet. Here the wings are distinet from the
feet, and vary in number from two to four. They are
membranaceous in their structure, and are, in general, cover-
ed with hairs or scales. Spiders are able to move in the
air by means of their threads.

In the action of flying, the tail, especially in birds, is of
great use in regulating their rise and fall, and even their la-
teral movements.

5. Swimming—is the same kind of action in water, as
flying is in air. The organs which are employed for this
purpose, resemble the cars of a boat in their mode of action,
and in general possess a considerable extent of surface and
freedom of motion. The former condition enables them
to strike the surrounding fluid with an oar of sufficient
breadth to give progressive motion to the body; and the
latter permits the same organ to be brought back to its for-
mer position for giving a second stroke, but in a different
direction, and without offering so great resistance. The
centre of gravity is so placed, that the body, when in ac-
tion, shall rest upon the oars or swimmers, or be brought
by certain means to be of the same specific gravity with the
water. b

The animals which are furnished with oars or swimmers,
and are capable of performing this action, are chiefly con-
fined to the vertebral, and to those with articulated limbs
among the invertebral animals.

Swimming, however, is not confined to those animals which
are furnished with oars or swimmers. Many animals move
with ecase in the water, by means of repeated undula-
tions of the body, as serpents, ecls, and lecches; or by
varying the form of the body by alternate contractile and
expansive movements, as the medusee,

In these different displays of voluntary motion, the mus-
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cles are only able to continue in exereise for a limited pe-
riod, during which, their irritability diminishes, and the fur-
ther exertion of their powers becomes painful. - When thus
fatigued, animals endeavour to place themselves in a condi-
tion for resting, and fall into that state of temporary lethar-
gy, denominated sleep. .

The positions assumed by animals during sleep, are ex-
tremely various. In the horse, they even differ according
to circamstances.  In the field he lies down, in the stable
he stands. Dogs and cats form their bodies into a circle,
while birds place their heads under their wings.

The ordinary time of sleep is likewise exceedingly vari-
ous in different animals, and in the same animal is greatly
influenced by habit. It in general depends on circumstan-
ces, connected with food.

It is probable, that all animals, however low in the scale,
have their stated intervals of repose, although we are as yet
unacquainted either with the position which many of them
assume, or the periods during which they repose.

There are many animals in which the muscular filaments
cease to be perceptible, as in many zoophytes; yet, when
we see all the actions of the muscular fibres performed, such
as contraction and expansion, we admit their existence
from analogy, and repose the utmost confidence in our con-
clusions.

In the classification of animals, the organs of motion are
very extensively employed.  They, however, do not aid us
in forming divisions of the highest kind, but they assist in
the construction of subordinate groups. This may appear
obvious by an examination of the facts stated in this chap-

“ter. Among Quadrupeds, for example, many walk, some
fly, others swim, —among Reptiles, some possess feet, others
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are destitute of them,~—among Insects, the same species, in
some genera, can either walk, fly, or swim at pleasure.

But although the characters furnished by the muscular
system, are thus various and indefinite with regard to clas-
ses, they serve to mark the characters of species or genera
with wonderful precision.

The three systems of organs which we have considered in
the three preceding chapters, whenviewed in connection, qua-
lify the animal frame for the higher purposes of existence,
The insensible parts of the skin, bones, and cellular mem-
brane, are the rudiments of the singular fabric, and occu-
Py, in reference to their functions, the lowest place in the
scale. The muscles, though under controul, and occupy-
ing a subordinate situation, exercise functions of a higher
kind. The quality of irritability which they possess, per-
mits them to be excited to action by the application of cer-
tain stimulants, and likewise enables the nervous system to
exercise its absolute controul over them. Ifall the motions of
the body be performed by means of the muscles under the
guidance of the nervons system, we must regard its functions
as of a still higher kind ; and a closer attention to its vari.
ous characters, will induce us to assign to it the dominion
of the body. 'To this system, as to a second class of func-
tions, we now propose to direct the attention of the reader,

CHAP. IX,

ON THE NERVOUS SYSTEM.

.As the nervous system contains the organs of sensation and
volition, and distinguishes animal from vegetable structures,
1t has long occupied the attention of anatomists, and is now
employed by naturalists as the basis of systematical arrange-
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ment: The discoveries with which these investigations
have been rewarded, are indeed numerous; but much yet
remains to be done; in order to ascertain the structure and
actions of various parts of this system; and to reconcile the
contradictory statements of different authors. In taking
our view of the subject, it will be necessary to avoid all
minuteness of detail, and to attend chiefly to those circum-
stances which characterise the different races of animals,
instead of investigating the peculiarities of particular spe-
cies.

1. Structure of the Nervous System.—The nervous sys-
tem, as it appears in its most perfect form in the vertebral
animals, consists of the Brain, the Spinal Marrow, and the
Nerves.

The BrAIN occurs in the anterior part of the body, suf-
rounded by the bony covering of the skull. Between tlie
brain and the skull, there are three membranes which are
considered as the infeguments of this part of the nervous
system. 'The exterior of these is termed the Dura mater,
and may be considered as the inner periosteum of the skull.
It forms various processes for dividing and supporting dif-
ferent portions of the brain, and contains, within its dupli-
catures, tortuous cavities for the reception of blood, which
are called sinuses. Underneath the dura mater, is the
Arachnoid coat; so named from its resemblance to a spi-
der’s web in thinness. Like the former, it is extended
merely over the surface of the brain, without entering its
various convolutions. ‘The third membrane of the brain is
termed Pia mater. It adheres every where to its surface,
following the course of all its irregularities, and liming its
different cavities. It is thin and vascular, containing nu.
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merous bloodvessels, which likewise peretrate into the
brain beneath.

The brain itself, in the more perfect animals, appears in
the form of a soft, compressible, slightly viscous mass. It
exhibits such differences in its texture, as to induce anato-
mists to consider it as composed of two distinct substances,
to which they have applied the terms Cineritious and Medul-
lary.

The cineritious, or cortical substance, as it is likwise cal-
led, is of a greyish colour, usually tinged with red, semitrans-
parent, and, to the eye, appears to be homogeneous. It
is soft and vascular in its texture. Injections penetrate its
substance, and exhibit the existence of bloodvessels. ¢ Its
quantity, (says CUVIER,) with respect to the rest of the
brain, decreases in the cold blooded animals. Tt is propor-
tionally greater in man than in any other animals.”

The Medullary matter is of a white colour, opaque, and
of a firmer consistence than the cineritious. When examin-
ed with a glass, it appears to consist of fibres disposed in
different directions. It possesses few bloodvessels, and in-
jections do not penetrate to all its parts.

These two substances constitute not only the brain, but
the spinal marrow and the nerves. They differ from each
other in relative situation, according to circumstances. In
the brain the cineritious matter is chiefly peripheral, while
in the spinal marrow it is central. They cannot be distin-
guished, with certainty, as existing separately in the ner-
vous system of the white blooded animals.

The chemical analysis of brain has hitherto made us but
imperfectly acquainted with the ingredients of which it con-
sists, or their peculiar state of combination, According to
VAvqueriy it is composed of
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Water, - & : 80.00
White fatty matter, . = 4.53
Reddish fatty matter, - -  0.70
Albumen, 4 " . 7.00:
Osmasome, 2 - by 1.12
Phosphorus, 2 & - 1.50
Acids, salts, and sulphur, B 515,
¢ .~ 100.00 *

In professor Jomun’s examination of the cineritious mat-
ter of the brain of a calf, he detected the following salts :—
muriat of soda, a sulphat,—the phosphats of lime, soda,
ammonia, and magnesia, with a trace of the phosp'hat of
iron, and silica +. : ’

The brain in consequence of its structure, is usually di-
vided into two portions, termed Cerchrum and Cerebellum.

The cerEBruM occupies the whole frontal, coronal, and
a great part of the occipital portion of the skull. Its peri-
pheral portion consists of cineritious matter ; its central, of
medullary, here and there mixed with cineritious. Its
surface is marked by numerous furrows, of various depths,
and which are convoluted in different directions. It is di-
vided longitudinally and vertically, by a decp fissure, which
receives a duplicature of the dura mater, into two nearly
equal portions, which are termed Hemispheres. These are
convex externally, irregular beneath, and flat on the oppos-
ing surfaces. Each hemisphere is divided into three lobes ;
the anterior, which rests on the orbital plate of the frontal
bone ; the middle, occupying the cavity formed by the
sphenoid and temporal bones ; and the posterior, which oc-
curs nearest the neck, and rests on the cerebellum. In de-
scending between the two hemispheres, towards the centre,

* Annals of Phil. jii, p. 27. + Ib. vii- p. 54.
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a transverse hard and white membrane termed Corpus callo-
sum, appears, of considerable thickness, convex, with its an-
terior and posterior extremities incurved. At each of these
extremities; the hemispheres are united by a medullary cord;
termed the anterior and posterior commissures. Under-
neath the corpus callosum, is the less dense partition, term-
ed Septum lucidum, the inferior arched side of which is
termed the Forniz. On each side of this division, the sub-
stance of the brain admits readily of a separation, exhibit-
ing two cavities, termed the Lateral Ventricles of the brain,
which are said to communicate with each other; near the
middle of the fornix. In the lower and interior parts of
each ventricle, there is a curved medullary prolongation,
termed Cornu Ammonis. In the anterior part of each ven-
tricle, there is a pyriform eminence, of a cineritious colour,
and striated when divided. 'These are termed Corpora
striata. Behind these, lie two other eminences; of a whiter
colour, united by a soft transverse plate of medullary mas-
ter, forming what are termed Thalami nervorum opticorum.
Between these, there is another cavity, termed the Third
Ventricle of the brain. The communications between the
different ventricles, and the fluids which they contain, are
still subjects of controversy. Immediately behind the tha-
lami; lies the Pineal Gland, remarkable for containing small
concretions, like sand, consisting of phosphate of lime. Be-
neath this gland, are situated four medullary eminences,
termed Corpora quadrigemina, the two superior and ante-
rior of which are called nates ; the inferior and posterior,
testes. In each lateral ventricle, there is a plexus of mi-
nute arteries and veins, which are expanded upon the op-
tic thalami, the pineal gland, and corpora quadrigemina.
The cEREBELLUM occupies the inferior cavities of the
occipital bone, and is covered by the posterior lobes of the
cerebrum.  Its surface is marked by transverse furrows,
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‘which are parallel and contiguous. It may be considered
as of a firmer consistence than the cerebrum, and contain-
ing a greater proportion of cineritious matter. When di-
vided vertically, the medullary matter appears disposed
throughout the cineritious, like the branches of a tree.
This has given rise to the appellation Arbor vitee. The
cerebellum is divided longitudinally into two lobes or he-
mispheres, which are united with each other by means of a
medullary part, termed the vermiform process, or third lobe
of the brain. On the inferior surface, where it rests upon
the commencement of the spinal marrow, there is a cavity,
termed the fourth ventricle of the brain. It communicates
with the third ventricle, by a passage which has been term-
ed the dqueduct of Silvius. In the bottom of the fourth ven-
tricle, there is an angular impression, bearing a resemblance
to a writing pen, and denominated Calamus scriptorius.

2. The spINAL MaRROw may either be considered as
taking its rise from the brain, or as terminating in its sub-
stance. If we view it as originating from the brain, it con-
sists of four cords, which are termed Crura, two of which
proceed from the cerebrum, and two from the cerebellum.
Those from the cerebrum arise between the anterior and
middle lobes. The body formed by the union of these
four crura, when contained within the cavity of the skull,
is called Medulla oblongata. It is separated from the
mass of the cerebrum by a medullary sheath, striated
transversely, termed Pons Varolii or Tuber annulare, and
is marked with a longitudinal furrow in the middle, and one
on each side. Within each lateral furrow, there is a slight
eminence, denominated Corpus olivarium ; and, between
this and the middle line, there are some longitudinal fibres,
termed Corpora pyramidalia. 1In its progress downwards,

in the canal formed in the vertebree for its reception, it is

VOL. I. K
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enveloped by the same integuments which we have already
noticed as belonging to the brain itself. It differs from the
brain, however, in the arrangement of its component parts,
the medullary matter here occupying the surface, while the
cineritious is disposed towards the centre in a cross-like
form. It is divided longitudinally into two equal halves,
by a channel which is very obvious on the dorsal aspect,
and on each side there is likewise a groove. By some ana-
tomists, it is considered as consisting of two medullary cords
only, divided in the divection of the mesial line; while
others consider it as consisting of four cords, two anterior
and two posterior. Considerable support seems to be af-
forded to the last opinion, by the circumstance of its origi-
nating from four medullary cords, two from the cerebrum,
and two from the cerebellum. The two former may be
considered as forming the anterior, and the two latter the
posterior portions. These cords, however, are brought in-
to intimate union by numerous filaments, which pass from
the one to the other. Mr SEwELL, of the Veterinary Col-
lege, London, has aseertained the existence of a canal in
the centre of the spinal marrow in the horse, bullock, sheep,
hog, and dog. It extends, uninterruptedly, from the cala-
mus scriptorius to the cauda equina; is lined by a mem-
brane, resembling the tunica arachnoidea, and contains a
transparent colourless fluid, like that which is contained in
the ventricles of the brain *,

8. The NErvEs may be regarded either as originating
from, or terminating in, the brain or spinal marrow. We
shall consider them, for the present, in the former pomt of
view. The integuments of the nerves resemble, in appear-
ance, those of the brain, closely invest them on all sides, and

® ¢« A Letter on a Canal in the Medulla Spinalis of some Quadrupeds.”—
Phil. Trans. 1809, p. 146.
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preserve their form. Besides these, there is a delicate celli-
lar membrane, containing bloodvessels, which penetrates the
interior, and forms sheaths round the component filaments.
This membrane is termed Newrilema. It may be exhibited
by dissolving the substance of the nerve in caustic potash ;
or the existence of filaments may be shewn by removing the
neurilema by acids. In this last case, they may be observed
anastamosing in various ways.

Some of the nerves appear to have a simple origin ; but
in general, several filaments, from different parts of the
brain or spinal marrow, unite to form the trunk of a nerve.
This trunk again subdivides in various ways; but the ra-
mifications do not always exhibit a proportional decrease of
size. It frequently happens, that the branches of the same
or of different nerves, unite and separate repeatedly within
a small space, forming a close kind of net-work, to which the
name Plexus has been applied. Sometimes filaments pass
from one nerve to another; and, at the junction, there is
usually an enlargement of medullary matter termed a Gan-
glion. Numerous filaments, from different nerves, often
unite to form a ganglion, from’ which proceed trunks fre-
quently of greater magnitude than the filaments which en-
tered. Thus nerves, very different in their origin, form
communications with one another; so that the whole ner-
vous system, may be considered as a kind of net-work, be-
tween the different parts of which, an intimate connection
subsists. In consequence of this arrangement, it is often mat-
ter of very great difficulty to ascertain the origin of those
filaments which unite to constitute the trunk of a nerve. In
some instances, they appear to arise from the surface of the
brain or spinal marrow ; in other cases, from the more cen-
tral parts.

The manner in which the nerves erminate in the diffe-

rent organs to which they are distributed, is still consi-
kK 2



148 PHILOSOPHY OF ZOOLOGY.

dered by many authors as undetermined. = Mr CArLYLE,
however, seems disposed to consider the question as of
easy solution, and states the result of his investigations
in the following terms :—< The terminal extremities of
nerves have been usually considered of unlimited extension.
By accurate dissection, however, and the aid of magnifying
glasses, the extreme fibrils of nerves are easily traced, as far
as their sensible properties and their continuity extend.
The fibrils cease to be subdivided, whilst perfectly visible
to the naked eye, in the voluntary muscles of large animals ;
and the spaces they occupy upon superficies where they
seem to end, leave a remarkable excess of parts unoccupied
by those fibrils. 'The extreme fibrils of nerves lose their
opacity ; the medullary substance appears soft and trans-
parent ;- the enveloping membrane becomes pellucid ; and
the whole fibril is destitute of the tenacity necessary to pre-
serve-its own distinctness. It seems to be diffused or min-
gled with the substances in which it ends.  Thus the ulti-
mate terminations of nerves for volition, and ordinary sen-
sation,. appear to be- in the reticular membrane, the com-
mon covering of all the different substances in an animal
body, and the connecting medium of all dissimilar parts *.”
When it is considered that the nerves of sensation: and ve-
lition- exercise functions so.very different from each other,
they. may be expected to cxhibit corresponding differences
in their eonnections and terminations. 'To detect these, the:
scalpel and the microscope are necessary, under the guidance-
of a mind habituated to observation, and cautious in its.in-" -
ductions,

The differences which may be: observed in the nervous
system of the vertebral animals are numerous, and have
long occupied the attention of physiologists. But the ob-

*® Phil. Trans. 1805, p. 9.
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servations which have been made on this subject, are too
imperfect to enable us to determine, with precision, the pe-
culiar functions of the different parts, or the effects which a
modification of the form or situation of these parts is calcu-
lated to produce. Before taking any farther notice of this
part of the subject, let us attend to the actual differences of
form and structure exhibited by the different classes of ani-
mals.

I1. Varieties of Structure in different Animals.

From an examination of the brain of quadrupeds, birds,
reptiles, and fishes, M. Cuvier draws the following conclu-
sions, which mark the peculiar features of each of these
classes.

1. The character which distinguishes the brain of Mam-
malia from that of the other red-blooded animals, consists,

“ g. In the existence of the corpus callosum, the fornix,

the cornua armmonis, and the pons Varolii.

3. In the tubercula quadrigemina being placed .upon

the aqueeductus Sylvii.

% ¢. In the absence of ventricles in the optic thalami, and'in

the position of these thalami within the hemispheres.

4 d. In the alternate white and grey lines within the cor-

pora striata, :

¢ Q. The character peculiar to the brain of Birds, consists

¢ g, In the thin and radiated septum, which shuts each

anterior ventricle on the internal side. ]
» % 8. The character of the brain of Reptiles depends

“g. On the position of the thalami behind the hemi-

spheres. |

% 4. The chavacter belonging to the brain of Fishes, con-
sists,

“¢ a. In the tubercles of the olfactory nerves, and the tu-

bercles situated béehind the cercbellum.
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5. The three last classes have, in common, the follow-

ing characters by which they are distinguished from the first.

¢ a. Neither corpus callosum, nor fornix, nor their de-
pendencies.

¢ 3. Some tubercles, more or less numerous, situated be-
tween the corpora striata, and the optic thalami.

¢ ¢, The thalami containing ventricles, and being distinct
from the hemispheres.

« . The absence of any tubercle between the thalami
and the cercbellum, as well as the absence of the
pons Varolit.

¢ G. Fishes have certain characters in common with birds,
which are not to be found in the other classes. These are,

¢ . The position of the optic thalami under the base of
the brain.

¢ J. The number of the tubercles placed before these tha-
lami, which are commonly four.

1. Fishes and reptiles have, for a common character,
distinguishing them from the two first classes, the absence
of the arbor vite in the cerebellum.

¢« 8. All red-blooded animals have the following charac-
ters In common,

¢ a. The principal division into hemispheres, optic thala-
mi, and cerebellum.

<¢ 5. The anterior ventricles double ; the third and fourth
single ; the aquaeductus Sylvii 5 the infundibulum ;
and a communication between all their cavities.

“¢. The corpora striata, and their appendices, in the
form of a vault, called hCIIIISP}lelea.

“d. The anterior and posterior commissures, and the
valve of the cerebrum.

“ ¢- The bodies named Pincal and Pituitary Glands.

#¢ f. "The union of the great single tubercle or cerebellum,

by two transversc crura, with the rest of the brain,
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which gives origin to the two longitudinal crura of
the medulla oblongata.

9. It also appears, that there exist certain relations be-
tween the faculties of animals, and the proportions of their
common parts.

“ Thus the intelligence they possess, appears more per-
fect in proportion to the volume of the appendix of the cor-
pus striatum, which forms the vault of the hemispheres.

¢ Man has that part greater, more extended, and more
reflected than the other animals.

¢ In proportion as we descend from man, we observe that
it becomes smaller and smoother on the surface, and that
the parts of the brain are less complicated with each other,
but seem to be unfolded and spread out longitudinally.

¢ It even appears that certain parts assume, in all classes,
forms which have a relation to particular qualities of ani-
mals : for example, the anterior tubercula quadrigemina of
carps, which are the most feeble and least carnivorous of
fishes, are proportionally larger than in the other genera,
in the same manner as they are in the herbivorous quadru-
peds. By following these inquiries, we may hope to obtain
some knowledge of the particular uses of each of the parts
of the brain *.”

In the animals without vertebrae, the brain is destitute
of the protecting bony covering, which forms the head and
backbone in the vertebral animals. The brain itself is
much more simple in its structure. The cineritious and
medullary parts, can scarcely be perceived as distinet ; and
all that appears to be present is a cercbellum, with one or
more tubereles, resembling a cerebrum, and nerves fur-
nished with ganglia.

Independent of very remarkable differences in the struc-

* Comparative Anatomy, vol. ix. p. 8, .



152 PHILOSOPHY OF ZOOLOGY.

ture of the nervous system, in the different genera of inver-
tebral animals, there may still be perceived two models, ac-
cording to which, the organs belonging to it are arranged.

In the first, the brain is situated upon the oesophagus,
It presents different forms, according to the species. It
appears more like a ganglion, than, the brain of the verte-
bral animals. It sends off several nerves to the mouth,
eyes, and feelers, One on each side passes round the ceso-
phagus ; these uniting below, form a ganglion ; in some cases
larger than what is considered the true brain. I'rom this
ganglion, nerves are likewise sent off to different parts of
the body. The animals in which this nervous system pre-
vails, belong to the great division termed MorLusca.

In the second, the brain is situated as in the mollusca,
sends out nerves tothe surrounding parts, and likewise one
nerve on each side, which, by their union, form a ganglion,
from which other nerves issue. This ganglion produces
likewise a nervous cord, which proceeds towards the ex-
tremity of the body, forming throughout its length ganglia,
from which small nerves proceed ; this cord, at its commence-
ment, 1s, in some cases, double for a short distance. It has
been compared to the medulla oblongata and spinal mar-
row of the vertebral animals. This kind of nervous system
is peculiar to the Annulose Animals. There are usually
ganglia on the nervous cord, correspondmg with the num-
ber of rings of which the body consists.

II1.—On the Nervous System considered in Action. ‘

This is a subject unquestionably the most interesting in
the whole range of zoological science. Yet it is still in-
volved in much obscurity, and will probably continue to
be so, unless new methods of observation shall be devised,
and more rigorous induction practiscd.
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1. The Brain.—That the brain is the organ to which
the impressions produced by external objects are conveyed,
and from which the excitements to motion in the different
parts are propagated, has been demonstrated by observa-
tion and experiment. We have already stated the com-
plicated structure of this organ, and the variety in the tex-
ture and situation of its different parts. 'What, then, are
the uses of each? Physiologists have always been greatly
divided in their opinions on this important subject.

Some, supposing that the seat of the intellectual opera-
tions must exist near the centre of the brain, have consider-
ed the pineal gland as the common sensorium. = Others have
bestowed the same honour on the corpus callosum, corpora.
striata, pons Varolii, and medulla oblongata. SemMERING.
cansiders the aqueous fluid, with which  the ventricles of
the brain are, in general, in part filled, as the common cen-
tre of sensation. According to GarL and SrurzHE1M, the
various operations of scnsation and volition, are performed
in particular parts of the brain, every faculty or feeling ha-
ving a distinct organ in which it is generated. The fore part
of the brain, they consider as subservient to intellect ; the
middle to sentiments, and the back part to propensities. Ac-,
cording to Mr WaLkERr ¥, the cerebrum is the organ of
sensation, or the centre to which all the impressions are
communicated, and in which deliberation is practised,
while the cerebellum is the organ of volition. = The nerves
which terminate in the cerebrum, and the anterior columns
of the spinal marrow, convey impressions to the mind ; and
the nerves which arise from the cerebellum and the poste-
rior columns of the spinal marrow, exccute the purposes of
volition.

¥ Annals of Phil. vol. vi. p. 26.
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For the confirmation or refutation of these opinions, va-
rious methods have been employed, by physiologists and
anatomists. y

The dissections of the brain have, to a certain extent,
pointed out its structure, and some of the modifications
which it exhibits ; but there are few who will venture to as-
sert, that the peculiar functions of the mnervous system of
any animal may be determined, by the appearances exhibit-
ed by the brain. How vastly superior are the intellectual
powers of man to the monkey ; yet the brains of both bear
the closest resemblance to each other. By comparing the
brain as it appears in the different classes of animals,
we certainly witness very remarkable modifications of form.
As we descend towards fishes, the cerebrum diminishes
so much in size, that its total absence may be inferred in
the lower classes. Observation confirms the supposition.
It can scarcely be detected in the mollusca, and it is want-
ing in the annulosa. Now, if the opinions with regard to
the uses of the cerebrum and its different parts were cor-
rect, we ought to find, in the animals which are destitute
of the organ, a total want of the functions which it is des-
tined to perform ; (for we can scarcely suppose, that any of
the other organs of the body can supply its place). But
still we find, among insects, for example, not merely sensa-
tion and volition, but instincts, propensities, and delibera-
tion, which, when they occur in the higher classes, are con-
sidered worthy of having peculiar organs set apart for their
production. But the cerebellum still exists in these mol-
lusca and annulosa; and may, therefore, be considered as
exercising the functions of sensation and volition. Let us
descend, therefore, to the inhabitants of the Corals or to
the Hydra ; in these, neither brain nor nerves can be per-
cetved. Yet they evidently possess both sensation and vo-
lition, and as cevidently want a cercbrum and cerebellum.
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In order to arrive at accurate conclusionson this subject,
it would be of importance to examine the brain in a variety
of species, with whose manners we arc intimately ac-
quainted. DBut as we know the characters or dispositions of
few animals, with any degree of accuracy, exeept those
which have been domesticated, our observations, for the
present, must be imperfect, and our general conclusions pre-
mature.

Attempts have been made to determine the functions of
the different parts of the brain, by attending to the effects
of disease or injuries of its different parts *. There are,
however, peculiar difficulties attending this method of in-
vestigating the subject. Between the different parts of
the nervous system, there is an intimate connection by
means of what are termed sympathies. Hence, when we
witness any derangement of the functions of the brain, it is,
in many cases, difficult to determine the seat of the disease,
or the various causes which combine in order to produce
the effects.

2. The Nerves.—In considering the action of the nerves,
it is necessary to attend to their effectsin the production of
sensation, of voluntary, and of involuntary motion.

a. Sensation.—In general, sensation is produced by an
impression made on the external organs, and conveyed by
the nerves to the common sensorium. That this is the or-
dinary course of sensation, is rendered obvious by experi-
ment. 'We can protect the external organs from receiving
the impression, or when received, stop its progress along
the nerves by a ligature or section. It may therefore be
asked, has any substance entered the nerves from the ex-

* See an enumeration of a number of very remarkable cases of this
kind, in Sir Everacp Houe’s ¢ Obscrvations on the Functions of the Brain **
* Phil. Trans, 1814, p. 469. :
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ternal object ? The answer is obtained from an attention to
a well established fact, that people who have had their
limbs amputated, often experience sensations indicating the
existence of the lost organs, and the presence of external
objects making an impression upon these. Here is a sen-~
sation conveyed to the sensorium without an impression on
the external organ, and arising, obviously, from a change
in the condition of the remaining part of the nerve. The
same fact demonstrates, that sensation is not produced by
a vibration of the nerves, arising from the concussion of
external objects, for it is excited without the external im-
pression or concussion.

A sensation may likewise be produced, in certain cases,
by means widely different from those by which, in ordi-
nary cases, it is excited. Thus a blow on the eye, or the
contact of two pieces of metal, zinc and copper for instance,
one piece being placed under the upper lip, and another
under the tongue, make us perceive a flash, in the same
manner as if light had really struck the eye. This can only
take place in consequence of a change in the optic nerve,
similar to that which light itself produces.

The susceptibility of the sensitive faculty for receiving
impressions, is liable to considerable variations, depending
on the influence exercised over it by different circumstan-
ces. Thus, different medicines increase or diminish its sen-
sibility, and inflammation frequently heightens it to a painful
degree. 1In these cases, it appears obvious, that the causes
which are considered as in operation, produce a change in
the substance of the nerve, or its connections. f

But the most obvious changes which take place in the
sensitive faculty, are indicated by diminished energy, in
consequence of continued action. This state of fatigue or
exhaustion, must be known to every one who has attended
to the sensation produced by a fecble impression, imme-
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diately after the same organ has been acted upon by one of
greater intensity. In this case, the feeble impression scarce-
ly excites a perceptible sensation. Thus, weak sounds are
not distinctly heard, when they follow those which are much
louder ; and feebly illuminated objects are scarcely visible,
when the eye, immediately before, has been directed to those
which are placed in a stronger light. I we look at a dark
object on a white wall, and then direct the eye to another
part of the wall, we shall still continue to observe the fi-
gure of the dark object, but now become apparently more
bright than the wall itself. That part of the eye on which
the image of the black spot fell at first, experienced a kind
of repose, while the other parts on which the image of the
white wall fell, were in action. 'The part, therefore, which
was inactive, is now able to receive a stronger impression
from the colour of the wall, than the other parts already
fatigued by its influence *.

b. Volition.—The action of the nervous system in the
functions of wolition, bears a close resemblance to its opera-
tions as a sensitive faculty. .In the case of sensation, how-
ever, the action excited in the nerve was communicated to
the common sensorium} in this of volition, the action excit-
ed in the nerve, is communicated to the muscles.

The origin of volition may be traced to the impressions
communicated to the brain by the sensitive faculty, or to
changes taking place in the brain itself, independent of the
action of external objects. In the former case, the volition
follows the sensation, in some instances, after an observable
interval, in others, it appears almost instantaneously. In
the one there is an interruption of the circuit, if I may so
speak, by the interference of the mind ; in the other, the
mind appears to exereise little or no controul. But whether

* Cuvier’s Comp. Anat. sect. ix.
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the volition be generated in the brain itself, or preduced
by the sensitive faculty, the action excited in the nerve ap-
pears to be the same. How this effect is produced, we are
ignorant. There is no reason to consider it as the effect of
the concussion of the brain on the nerves, producing vibra-
tion, but there is some reason for regarding it as the result
of a change in the substance of the nerve, occasioned by the
action of the brain.

Various substances applied to the brain, weaken its power
of exciting this action in the nerves. ~But the same action
may be excited in the nerves, independent of the brain.
Thus, after the nerve has been separated from the brain,
the galvanic fluid will so far excite its energies, as to throw
the muscles, to which it is distributed, into as violent mo-
tions as if these had been produced by the ordinary process
of volition. M. HumeoupT has employed this method in
distinguishing the nerves from the small vessels. He uses
two needles, one gold, another silver. A point of one is
applied to the muscles, and a point of the other to the fila-
ment, the nature of which he wishes to discover, while the
other extremities of these instruments are brought in con-
tact. If the filament be a nerve, contractions immediately
take place in the muscular fibre.

In whatever manner the impression is produced, it is pro-
pagated along the nerve in a direction opposite to that of
sensation, being from the sensorium to the external organs.
Its progress, however, is liable to be interrupted by the
same causes as those which obstruct the propagation of sen-
sation, namely ligature or section.

The powers of volition appear, like those of sensation, to
be liable to fatigue. The continued effort of the will be-
comes painful, and if prolonged beyond a limited time, the-
nervous. energy becomes exhausted, and the deathiof the
individual ensues. If fatigued only in a moderate dégree, the
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nervous energy is recruited by repose. There are stated in-
tervals, which differ according to the species, in which the
powers of volition are allowed to rest, or the individual is
said to sleep. 'This condition, we have seen, is likewise re-
quisite, in order to recruit the peculiar irritability of the
muscles employed for the purposes of voluntary motion.

The action which may thus be excited in the nerves sub-
servient to voluntary motion, is communicated to the mus-
cles. As it exists in the nerves, it is invisible in its opera-
tions ; but when communicated to the muscle, its effects
are obvious. The different particles of the muscle, enter
into a more intimate union; it contracts, and its tenacity is
increased to such a degree, that it is capable of suspending
weights which would have torn it asunder when separated
from the body. The act of the will by which the action
has been generated in the muscle, can be suddenly altered,
and the muscle permitted to return to its relaxed state, in
the absence of the exciting cause. We are, however, igno-
rant of the nature of the change in the condition of the
muscle on which the nerve has thus exerted its influence,
and we are equally ignorant of the nature of that influence,
or its mode of communication.

c. Involuntary Motion.—Besides those nerves which are
employed in sensation and velition, there are others which
are concerned in the production of involuntary motion.
These are distributed to the various organs of digestion,
circulation, and respiration, whose continued functions are
necessary to existence. 'These nerves neither communicate
to us distinct sensations, nor act immediately under the in-
fluence of the will. When the parts, however, with which
they are connected, become inflamed, they then communi-
cate to us painful sensations; and when the will is thrown
into violent action, corresponding motions are excited in
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those nerves which, in ordinary cases, are not under its
controul. Substances irritating the muscles to which these
nerves belong, excite them to action, but the nerves them-
selves resist the stimulus of galvanism or electricity.

Though they do not communicate these sensations to the
sensorium, they appear to be, in some degree, excited to ac-
tion by the contents of the vessels to which they are distri-
buted. Thus, the blood excites the nerves of the heart,
and the food those of the stomach and intestines. = These
nerves, in their turn, act upon the muscles of these organs,
and enable them to execute the requisite movements. i

The nerves of involuntary motion, chiefly take their rise
from the ganglia. Hence we perceive some of the proper-
ties of these medullary knots, in the changes which they
have produced on the nervous filaments in their passage
through them. These nerves become incapable, in ordi-
nary cases, of conveying sensations to the brain, or of exe-
cuting the purposes of volition, and they have become less
capable of being excited to action by the electric fluid. But
the most remarkable change consists in their becoming capa-
ble of continued action through life, without being exhausted,
or exhibiting any symptoms of fatigue. These circumstan-
ces favour the supposition, that the ganglia are destined to
remove the nerves, to which they give rise, beyond the di-
rect controul of the will, to bestow upon them new ener-
gies, and to form individual systems, capable of exercising,
to a limited extent, independent powers *.

But although the nerves appear thus to occupy different
situations, and to perform different functions, they are con-
nected, and form one system, in which the different parts

* See ¢ Essays on the use of the Ganglions of the Nerves,” by Jamzs
Jorwsrone, M. D. Phil. Trans. 1764, p. 177, and 1767, p. 118, and
17170, p. 30.
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. are more or less intimately related. This connection is
very conspicuously displayed in those actions which arise
from what is termed sympathy. Thus, an injury on the
toe will sometimes bring on lock-jaw; certain smells will
occasion sickness ; terror will cause the heart to palpitate,
the cheek to turn pale, and augment the secretions of the
intestines and bladder. The sight of a good meal to a
hungry man makes his mouth water.

This intimate connection between the different parts of
the nervous system, is likewise very strikingly displayed
in the case of poisons. Many kinds of poisonous substan-
ces, when applied to the stomach, specdily bring on death,
by annihilating the cnergies of the nerves of that organ,
and indirectly the vitality of the whole nervous system.
The removal of the brain is likewise followed by the loss
of power in the nerves.

But this intimate connection, between the different parts
of the nervous system, becomes scarcely perceptible in the
lower orders of animals. Where the bulk of the brain is
greatest in proportion to the nerves connected with it, as in
man, we find this union most intimate. As the bulk of the
brain decreases in proportion to the bulk of the nerves, the
connection ceases to be so close. In reptiles and fishes, this
1s so conspicuously displayed, that it becomes difficult to in-
duce death. The brain, or the spinal marrow, may be re-
moved, and yet the other functions of life still proceed for
a considerable time. Among the mollusca, an equal want
of sympathy among the different parts, is well known to
prevail.  As we descend still lower, to those amimals in
which' the nervous system, instead of appearing in the form
of brain, nerves or ganglia, is uniformly diffused, we ob-
serve scarcely any dependent connection between the dif-
ferent parts. When portions of the body are removed,

VOL. 1. L
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.

they are speedily reproduced, and the detached fragments
even begin to enjoy an independent existence.

The power of the nervous system to repair the injuries
it receives, or supply the loss of abstracted portions, has
been sometimes called in question on very insufficient
grounds. Its generation at the commencement of life, is
surely more surprising than its production at an after period.
But the subject has assumed a character different from
mere conjecture. The numerous experiments of SPALLAN-
zax1 and others, to prove the power of reproduction in the
cold-blooded animals, establish at the same time, the capa-
bility of the nervous system, in these animals, to reproduce
abstracted parts. But this power is not confined to cold
blooded animals. According to the experiments of Mr
Cruicksuanks * and Dr Hascrron +, portions of the ab-
stracted nerves of a dog were speedily regenerated, and the
nerve restored to its ordinary functions. It is probable
that portions of nerves arc generated and destroyed perio-
dically in those ruminating quadrupeds which have de-
ciduous horns.

Are we to conclude, from the view which we have now
taken, that the parts of the nervous system are homogeneous,
and susceptible of a certain number of similar functions; that
the apparently functions of each nerve depend on the organ
with which it is connected,—to accessary circumstances,
and not to the nature of the nerve itself ? 'The opposite of
all this appears to be the case. 'The nerves which are em-
ployed in sensation, obviously differ in their mode of ac-
tion, from those employed for the purposes of volition, and
hence we may reasonably conclude, that there is a corres-
ponding difference in structure and composition.  The
same nerve may exceute both funetions ; but in that case,

® Phil. Trans. 1795, p. 177, 4+ Ih. pe 190.
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it probably consists of different filaments, cach aeting their
peculiar part. This appears to be demonstrated in those
cases where a nerve, upon being cut, has afterwards united,
and, while capable of executing the action of volition, has
become unfit for that of sensation.

It would be to no purpose to enquire into the nature of
that action whieh is excited in the nerve, either in sensa-
tion or volition, because the subject is yet in obscurity,
and its elucidation, perhaps, impracticable. The rapidity
with which the functions of the nervous system are exes
cuted, have induced some to consider its action as per-
formed by means of some fluid similar to electricity,
secreted by the medullary matter, and restrained by the
tunics of the brain and nerves. All this may be true, but
it is without proof. Others, from contemplating the effects
of eleetricity, on the parts of dead animals, have conclud-
ed, that the nervous and electrical fluids were identical.
There is, however, one experiment, easily performed, which
proves the fallacy of this conclusion. 'The nervous energy
is suspended or destroyed by the compression or section of
the nerve, while the clectrical matter is not arrested in its
progress, provided, in the latter case, the cut ends of the
nerve are brought in contact *.

The effects of electricity on many of the organs concern-
ed in the vital functions, in exciting them to action, may,
at first sight, favour the supposition of its identity. Thus,
the action of the lungs, heart, and stomach, may be con-
tinued for a short. time, after the natural nervous influence
has been removed. In these eases, however, although elec-
tricity ean act on the irritability of the muscles, it is proba-
bly through the intervention of the nervous filaments, and
may be oceasioned by exciting the languishing energies of the
inju red nerves, to expend the remainder of their strength.

* See Moxnro's Anatomy, vol. iii. p. 113,
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Of the clementary nature of this exciting power, we indeed
know nothing.  Physiologists have termed it a secretion of
the nervous system, without perceiving that, in the manner
of its operations, it is essentially different from any other
secretion in the system. That it results from organization,
is disproved by the phenomena of death ; that it is of an
electrical or magnetical nature, is contradicted by the totali-
ty of its phenomena. -

Having thus examined the structure of the nervous sy's-
tem, and attended to its functions of sensatien and voli-
tion,~let us now take a view of the mind. The intimate
connection which subsists between this mysterious part of
the animal frame and the nervous system, points out this
place as the most suitable for the investigation of the pheno-
mena which it exhibits. But, in order to give to this subject
the requisite illustration, it is necessary to examine more
particularly, the nature of our different sensations, the or-
gans employed in their production, and the kind of informa-
tion-which they convey to the mind, with regard to the
properties of external objects.

CHAP. X.

ORGANS OF PERCEPTION.

IN the numerous references which we have hitherto made .
to the faculty of Sensation, as a display of the operation of
the nervous system, we have considered it as indicating
merely the presence of bodies, and as giving no information
respecting their character. If we attend more minutely to
this faculty, we shall find, that all the sensitive parts of the
body, are not equally capable of warning us of the presence
of the same kind of objects. The rays of light make no im-
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Ppression upon the tongue or the fingers, indicating their pre-
sence, while they act with energy on the eye. The vibra-
tions of the air make no impression on the eye, the mouth,
or the nose, while they instantly act upon the ear. Sensa-
tion, therefore, is a generic term, intimating the capability
of the nervous system to receive impressions of exter-
nal objects; and it includes as many species as there are
impressions calculated to act on one organ, and not upon
another, distinguished by this common property, .that they
intimate the presenee of objects.

"The number of impressions which may be regarded as
distinct species, is more extensive than is generally imagin-
ed, and would justify us in considering the term Sensation
as the index of an order or class, rather than of a subordi-
nate division. Philosophers, however, have agreed to re-
duce our sensations to five kinds, -namely, those of Touch,
Sight, Hearing, Taste, and Smell, to which I have ventured
to add Heat. i

When an impression is produced onany oneof these senses,
there is an intimation given to the mind, of the presence of an
object with which that sense is more immediately connected.
Thus, the sense of touch warns us of the contact of a body
with our skin. Taste, smell, hearing, sight, ard heat, of the
presence‘of sapid, edorous, sororous, luminous, and calorific
bodics.  The first impression of an object on the senses, con-
veys, therefore, little information, except that of presence or
existence ; and if the body producing the impression, be
speedily withdrawn from the excited organ, our notions of its
character will be very imperfect. But, if the object conti-
nues to act upon our.sensc, we hegin to analyze the impres-
sion. By comparing it with some former impression, we dis-
cover the extent of resemblance or diversity ; and, by vary-
ing the condition of the object, or the sense directed to it, we
attempt to discover the circumstances, which give to the im-
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pression its common or peculiar character. Our knowledge
of objects, therefore, in reference to any particular sense, will
be in proportion to the number of impressions, continued a
sufficient length of time, which have been made upon that
sense. In early life, we cannot analyse an impression, with
any degree of accuracy, because we have few former ones
with which to compare it. As we advance in life, our im-
pressions increase in number, and consequently, our capabi-
lity of analysing any one of them. 1In youlth, we know but
few of the relations of an impression ; and, after a rapid and
superficial examination, we turn away to a new object. In
more advanced life, we can trace, in any impression, a much
greater variety of relations to other impressions, and in do-
ing this, we occupy much longer time in its examination.
To this circumstance, we are disposed to refer the fickleness
of children. When a new object is presented to them, they
are much gratified; but as they can speedily trace its more
obvious relations to all their former superficial impressions,
it speedily loses its interest. If these observations be cor-
rect, we never could acquire an accurate knowledge of a
solitary impression produced on any one of the senses; all
our aceuracy, on this subject, being the result of comparison.

When the senses are thus employed, in investigating the
nature of impressions,—the objects which produce them,
and the circumstances by which they are modified, they
then become, what the leaders in the science of Mind have
been pleased to denominate—orcaNs oF PERCEPTIONS.
The knowledge we acquire of the relations of an impres-
sion, is usually termed idea, sometimes perception. The
last phrase, however, is frequently used indiscriminately, to
denote the presence of the impression,—the attempt to ana-
lyse its character,—or the knowledge which results from the
examination.  We are disposed to use Sensation to cxpress
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the first of these meanings, and Idea the last, and could we
succeed in restricting Perception, to express the inclination,
to examine, and the means which we employ, no inconsider-
able portion of ambiguity would be removed from the state-
ments of moral science.

In giving a general view of these organs of Perception,
we shall offer a few remarks on their structure, mode of act-
ing, and the kind of information each is calculated to con-
vey to the mind.

1. SexsE or Toucn.

The organ of Touch is widely distributed over the sur-
face of the body. In the higher classes of animals, as qua-
drupeds, birds, and reptiles, it is supposed to be scated in
the villous surface of the skin, where the cutancous nerves
terminate. In those places of this part of the corium,
where the greatest inequalities prevail, the sense of touch
1s observed to be most acute.

In many animals, there are parts of the skin to which no
nerves are distributed, as the hair, feathers, and horns,
which, in consequence, are termed insensible. In such
animals, the organs of touch are limited in their extent
But even in those whose skin possesses few of these insensi-
ble appendices, there are particular parts of the body where
the skin is more sensible to the impressions of external ob-
jects, than in other parts; and where the sense of touch is
considered more particularly as residing. Thus, in Man,
the hand and foot convey to us the most accurate informa-
tion connected with the sense of touch. 'The lips and
tongue are likewise employed for a similar purpose. Among
Quadrupeds, the monkeys have their sense of touch, in many
respeets similar to that of man ; in others, it is seated in
their lips, snout, or proboseis. In Birds, whose bodies are
covered, to a great extent, with feathers, the sense of touch
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must b¢ confined to the feet and head. We accordingly
find, that the villous surface of the skin is very conspicu-
ous in the soles of the feet, particularly of rapacious birds,
which use their toes for seizing their prey. In those birds
with long bills, as snipes and woodcocks, which search for
food among mud, the extremities of the mandibles are usu-
ally of a softer texture than the base, and evidently appear
to possess an exquisite degree of sensibility.

But, even in those animals whose skin is conmdered as
destitute of a villous surface, the presence of the sense of
touch may be distinctly ascertained. In Fishes, the surface
is covered with insensible scales; yet the contact of an ob-
ject with the body is readily felt. About the mouth and
head, however, of many species, there are places destitute of
scales, usually more or less raised above the surface, which
are usually considered as subservient to the purposes of
touch, although the evidence of their utility-in this respect
is far from satisfactory. These are soft in their texture,,
pliable, and capable of various motions. They obtain diffe-
rent names, according to their situation. When placed upon
the lips, they are termed cirrhi, on the head tentacula, and
on other parts of the body fingers. "In the Mollusca, the
sense of touch more particularly resides in the tentacula. We
may observe the application of these organs to the examina-
tion of the surface of bodies in the common slug. Among
Insects, the antenne, or ﬂelers, as they are termed, are or-
gans of touch, po%essmg, in some specles, very great sen-
sibility.  Even among the Zoophytes, the sense of touch is g
present. By means of the cirrhi which surround their
mouth, they are warned of the presence of their prey.

In the examination of the appeatance of the sense of touch
in the imperfect animals , 1t 1s difficult to ascertain, whether
the information obtmned by these cirrhi is conﬁned to sen-.
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sation, (or a knowledge of the presence of objects), or if it
includes, likewise, intimations of their qualities.

In order to excite to action the organs of touch, it is
necessary that the body which communicates the impres-
sion, be brought into contact with them ; and, in general,
the more close and intimate the contact, the more correct
is our information with regard to those qualities which it
possesses, and which it is the business of touch to examine.
Pressure appears to excite the nervous action of the organ,
and when remocved, that action ceases: Itis obvious, there-
fore, that the perfection of any part, as an organ of touch,
will depend, not only on its sensibility, but its pliability, or
power of applying itself to the unequal surfaces of bodies,
and to its extent, to enable it to touch a large surface at
once.

The information communicated to the mind by the me-
dium of touch, is more varied and extensive than that
which is obtained by the aid of the other senses. It makes
us acquainted with the dimensions of bodies,—their form,
whether round or angular,—the condition of their surface,
whether rough or smooth,—their structure, whether hard
or soft, fluid or solid,—their connection, whether moveable
or immoveable,—their gravity, whether heavy or light,—
and their situation, whether near or distant.

These qualities, some of which are primary, and others
secondary, are ascertained, by the organ of touch, in so cor-
rect a manner, that we are scarcely ever deceived with the
knowledge thus acquired.

The accuracy of this sense is much improved by habit,
and, in certain cases, where the other senses have been in-

_Jured, as sight, this has acquired so great a degree of sen-
-sibility, as, in a great measure, to supply their loss. Thus,
‘blind men are able to perceive their approach to a wall, by
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effects produced on their skin by the air. These may arise
from the resistance of that fluid, or other causes with which
we are but imperfectly acquainted. Bats appear to possess
this exquisite sensibility of touch, independent of habit or
experience.  SPALLANZANI has observed these animals,
even after their eyes had been destroyed, and ears and nos-
trils shut up, fly through intricate passages without strik-
ing against the walls, and dexterously avoid cords and lines
placed in their way. The expanded membrane of their
wings is probably the organ which, in such cases, receives
the impressions produced by a change in the resistance, mo-
tion, or perhaps temperature of the air. The susceptibility
of being acted upon by thesc agents, which exercise a feeble
influence over us, is a condition natural to these animals,
and necessary to enable them to find their way in the dark
caverns in which they dwell. It cannot therefore be re-
garded as one of those resources employed in time of need,
in, the case of bats, although it appears to be such in
blind people. Man naturally moves but little in the dark,
so that he does not require such susceptibility. It is, how-
ever, fortunate that his body is susceptible of acquiring it
in the time of need.

The sense of touch appears, In man, to be able to obtain
nearly all the information, with regard to external objects,
which it is capable of receiving. In a few instances, the
lower animals surpass us in the delicacy of this sense, as the
bat, which is warned, indirectly, by its aid, of the presence
of bodies, previous to coming in contact with them. The
feelers of inseets are likewise better adapted for exploring
the condition of the surface of bodies, than any organ
which we possess. But, in all these cases, the sensibility of
tonch is limited to particular qualities, or confined within
: narrow bounds.  The human hand, on the contrary, by 1ts
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motions, the pliability and strength of ‘the fingers, and the
softness of the surface, is the most extensive and perfect
organ of touch possessed by any animal. ‘

II. Sexst oF HeAT.

The sense of touch is exclusively occupied with the ex-
amination of the conditions of resistance. Contact, there-
fore, is indispensably requisite for enabling the organ to act
upon the object, and muscular exertion, to cxamine its con-
dition. Neither of these are necessary to enable the sense
of heat to act. Calorific rays emanate from a heated body,
though at a distance, and, in order to ascertain their direc-
tion and intensity, no muscular effort is required. When
the heated body happens to be in contact with us, we in
like manner examine its conditions, in reference to tem-
perature, without any muscular exertions, or rather, we
try to avoid them. Thus, when I lay my hand upon the
table, to examine its hardness or smoothness, I make an
obvious muscular effort with my fingers; but when I lay
my hand on the table to examine its temperature, I endea-
vour to check all motion, so as to keep my hand in the
same position.

These qualities of the sense of heat, sufficiently distin-
guish it from that of touch, with which it has been con-
founded, and justify its establishment as a distinct power
of perception.

The organ of heat, like that of tauch, is scated in the
skin, and appears to be co-extensive with those portions of
it where the cuticle is thin and destitute of appendices.

By means of the sense of heat, we are enabled to judge
of the relative quantity of caloric in our own bodies and in
surrounding objects. When no sensation is produced, we
conclude, that our body, and the object with which it is
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compared, have th€ same temperature. When a sensa-
tion is felt, it arises from the difference of temperature, and
the changes which the caloricis experiencing to bring about
an equilibrium. When the body feels cold, the ecaloric is
passing out of it into the neighbouring object; when the
body fecls warm, it is receiving heat. As the body is
thus constantly either giving or recciving heat, in con-
sequence of being surrounded with a variety of objects,
changeable in their temperature, the information which
it can communicate to the mind, in reference to its own
temperature, or that of other bodies, is merely relative.
Thus, an object which would feel warm to the body in one
state, would feel cold in another, But though the infor-
mation communicated to the mind by this sense, be not
cqually accurate with the indications of the thermometer,
it exercises a powerful influence over our volition, and is
intimately connected with our comfort. It gives warning
of the approach or retreat of certain objects, when no other
sense could have indicated their presence or change. Tt is
a faculty common to all animals.

II1. SENsE oF SiGHT.

The organ of Sight, or the Eye, exhibits, in the diffe-
rent classes of animals, so many modifications of form and
structure, that it is difficult to assign to each part.its pro-
per function, and to form a just estimate of: the sensations
which, under different circumstances, may be excited, or
the ideas which may be communicated to the mind.

1. STrucTURE OF THE EYE. —~Among all the Vertebral
Animals, including Man, there is a considerable resemblance
between their organs of sight.  Hence a very general
description of their structure will suffice, to enable us to

"comprchend their peculiar functions, and to cstimate the
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relative importance of the same organs, as they appear to
be modified in the inferior tribes.

(1.) Coats of the Eye.—There are two coats which may
be considered as constituting the integuments of the Eye,
and within which, the other essential parts are contained.
These are, in the form of two cups, applied to each other
at the margins, and hence the eye-ball approaches a globu-
lar form. The cup, which is situated with its convexity in-
wards, is termed the Sclerotic coat. TIts texture is cellular,
and is composed of filaments, which are interwoven in every
direction. It possesses considerable opacity, tenacity; and
flexibility. JFt determines the shape of the eye. Hence,
in those animals whose eye-balls are more or less depres-
sed, the sclerotic coat acquires a proportional degree of
strength, to enable it to retain its form. In birds, for ex-
ample, its anterior part is divided into two plates, between
which, a circle of thin hard bones is interposed.

The sclerotic coat is perforated posteriorly, for the pas-
sage of the optic nerve. By some, it is considered as a
continuation of the dura mater, forming a sheath for the
protection of the nerve, and afterwards. expanding to sup-
portits terminal enlargement, denominated the Retina. On
its internal surface, a thin blackish membrane adheres, which
has been considered as a prolongation of the pia mater.

The sclerotic coat not only: preserves the form of the
eye, but furnishes a firm support for the insertion of the
muscles destined to regulate its motions. It is supplied
with few bloodvessels, and possesses little sensibility.

The sclerotic coat protects the posterior part of the eye,
but it is wanting on the anterior surface. Its placc, how-
ever, is supplied by another membrane, termed the Cornea,
which may be compared to the glass of a watch, the case
resembling the sclerotic coat.

The Cornea is composed of thin concentric plates, unit-
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ed together by a compact cellular substance. It is thickest
in the middle, becoming thinner towards the edges, wher
it unites with the sclerotic coat. The line of junction ex-
hibits considerable differences. In man, the edges are be-
velled, and the cornea slides under the sclerotic coat. In
the hare, the sclerotic coat divides at the edges, and embra-
ces, like a forceps, the margin of the cornea. In the
whale, the fibres of the sclerotic coat pass into the sub-
stance of the cornea, in the form of very delicate white
lines.

The cornea is transparent. It possesses few, if any,
bloodvessels or nerves. It is, however, porous, and readily
admits the escape of the aqueous humour, as appears by
the eye speedily becoming flat after death.

In insects, this membrane is hard and scaly, and supplies
the place of the crystalline humour ; while in the cuttle-
fish it is regarded as absent.

These two coats may be considered as forming the case
of the eye. There are other membranes on their central as-
pect, which are usually classed along with them, which we
shall now consider.

Immediately within the sclerotica, is the Choroides, a thin
delicate membrane of a vascular structure. It lines the
concave surface of the sclerotic coat, with which it is con-
nected by cellular tissue, and by the nerves and blood-
vessels which terminate in its substanece. On its concave
surface, its substance is compact and uniform in its texture,
and has been regarded as a particular membrane, and
termed Membrana Ruyschiana.

Towards the anterior part of the sclerotic coat, near its
termination, the choroides is more intimately united with
it, by means of a circular band of dense cellular substance,
moistened by a whitish mucus, termed the Ciliary Liga-
ment.  ¥rom this band, numerous processes aﬁse, which
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project into the cavity of the eye-ball, and form a broad
radiated ring. These projecting lamine are termed Cili-
ary Processes.

After forming the ciliary ligament, the choroides still
proceeds along the concave surface of the sclerotica, and
parallel with it, until its junction with the cornea, when it
forms another projection into the cavity of the eye-ball,
termed the Uvea. It is here continuous, and constitutes
an annular veil, perforated in the centre. Its anterior sur-
face is covered, and intimately connected, with a membrane
of a spongy, fibrous texture. This membrane is term-
ed the Iris, and is well known as the seat of the colour of
the eye. It is sensible to the impressions of light, and readily
expands or contracts, according to circumstances ; thus,
enlarging or diminishing the size of the central perforation.
The central aperture is termed the Pupil, and varies great-
ly inits dimensions and forms in different animals.

On the central surface of the choroides, including the ci-
liary processes and uvea, there is a slight villosity, to which
there adheres a mucous pigment. This is usually dark
coloured, and termed the Pigmentum nigrum, but, in
some cases, it is light coloured approaching to white. This
pigment is insoluble in water, but soluble in alkalies and
the stronger acids. LroroLp GMELIN considers that it
approaches the nature of indigo. On the temporal side of
the bottom of the cavity of the eye, there is a small space
destitute of this pigment, through which the colours of the
. membrana Ruyschiana appear. This spot is termed the
Tapetum, and is peculiar 10 quadrupeds.

(2.) Humours of the Eye.~The cavity of the eye, form-
ed by the coats which have been described, contains Fluids
differing in consistency, form, and situation. They are di-
vided into three kinds, termed the Vitreous, Crystalline,
awd dgueows Humours,
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The Vitreous Humour occupies the posterior and late-
ral parts of the cavity. It is convex behind, and concave
before. It is invested by a delicate thin transparent mem-
brane, termed the Hyaloid. At its anterior surface, it may
be separated into two laminee, between which, air may be in-
troduced.- This is the bullular canal of Prrir. The in-
terior of this humour is divided by the same kind of mem-
brane, into numerous cells. These are filled with a fluid,
of the consistence of the white of an egg, which does not
readily escape from them, even when the external mem-
brane is punctured. This fluid consists chiefly of water,
with a small quantity of albumen and gelatine. ‘

The Crystalline Humour, or Lens, as it is frequently
called, occupies the centre of the cavity of the eye. Tt
is doubly convex, its posterior side resting in a concavi-
ty of the vitreous humour. Itisenclosed in a membranace-
ous capsule, which is soft and transparent, and with which
it is but loosely connected. The lens itself is denser at the
centre than towards the circumference. It becomes indurat-
ed by boiling and by alcohol, and then exhibits its peculiar
structure. It consists of an infinite number of concentric
laminze, formed from delicate fibres which proceed from
two centres, situated at the two extremities of the axis.
At each axis, there is the appearance of a membrane dis-
posed in rays, from which the fibres originate. These
rays vary in number, in different animals, from two to five.
The rays of the one axis, are placed opposite the intersti-
ces of the other. 'The matter of the lens coagulates by
boiling, and consists of water and albuminous matter, with
a small quantity of cellular substance.

"The Aqueous Humour occupies the remaining part of
the cavity of the eye, in front of the crystalline. It is di-
vided by the iris into two chambers. The anterior, which is
the largest, occupies the space between that membrane.and



ORGANS OF PERCEPTION. 177

the cornea ; and the posterior, between the uvea and cili-
ary ligament, which is very small, and whose existence is
even denied by some. The aqueous humour agrees with
the vitreous in chemical composition, but it is less viscid. It
is not lodged in cells, and hence it readily flows out when
the cornea is punctured *.

8. Nerves of the Eye.—The position of the optic thala-
mi, and their relation to the cerebral portion of the brain,
have been already explained. From these thalami, the
optic nerves take their rise. They are two in number, and
in some animals, the nerve which proceeds to the right eye,
originates in the left side, and the nerve of the left eye ori-
ginates in the right. Each nerve is divided, internally,
into a great number of canals, formed by the neurilema,
which contain the medullary matter. This structure is dis-
played when the medullary matter is removed by macera-
tion, and the nerve inflated and dried.

The optic nerve penetrates the sclerotica and the cho-
roid coat, and becomes expanded on the concave surface of
the latter, in the form of a delicate transparent membrane,
without, however, adhering to any part of it. It extends
to the ciliary ligament, terminating at the base of the pro-
cesscs. The internal surface, next the vitreous humour, is
of a firmer consistence than the external, contiguous to the
choroides, as it contains numerous minute bloodvessels. In
some animals these surfaces can be separated, and the
dense central Jamina is termed the Arachnoid.

The retina is perhaps the most delicately sensible mem-
brane of the animal frame. It is readily affected by the
rays of light, which, when too intense, excite very pain-
ful sensations.

* The relative position of the different parts of the eye, is displayed
most distinctly when the eye-ball is in a frozen state.
YOL. L. M
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4. Muscles of the Eye—In the vertebral animals, each
eye is placed in a socket, situated in the bones of the face,
and termed the Orbit. The eye-ball does not fill this cavi-
ty at its posterior part, but-the remaining space is occupied
with fat or gelatincus matter. The ball rests upon these,
and is thus able to move, without being injured by friction,
As the fat, in lean and old animals, isin a great measure
absorbed, the eye appears, in such cases, sunk in the orbit.
In some cases, the ball of the eye is supported on a foot-
stalk, which enables the muscles to act on a longer lever,
and admits of a greater extent of motion.

The muscles by which the eye is moved, have their ori-
gin in the walls of the orbit, and their insertion in the scle-
rotic coat. Tendinous fibres,  however, pass on to the cor-
nea, with which they become incorporated. In man, the
four straight muscles of the eye can be separated from the
sclerotica, and the external layer of the cornea demonstrat-
cd to be a continunation of their tendons. In birds, the
sane connection between the tendons and cornea prevails *.
"T'he muscles vary in number in different animals.

5. Glands. of the Eye~These bodies vary in form and
number in the different classes of animals. In man, they
consist of three kinds, the Lachrymal, and Meibomian, and
the Caruncula Lachrymalis.

The Lachrymal gland is situated between the ball of the
eye and the upper arch of the orbit, = little towards the
temples. It consists of a number of small whitish granu-
lar bodies collected together into lobes. From these pro-
ceed several canals which descend through the substance of
the upper eye-lid, and open on its internal surface. The
fluid which is secreted is the 7'ears. This fluid, accord-
ing to the observations' of Fourcroy and VAvQuELIN, con-

® Phil. Trans. 1795, p. 11. and 263, and 1796, p. 1.
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sists of water, mucus, muriat of soda, soda, phosphat of
lime, and phosphat of soda. Its taste is perceptibly saltish,
although the saline ingredients do not exceed a hundredth
part of the whole. The use of the tears is to lubricate the
surface of the eye-ball, and protect it from dust and the
drying influence of the air. They are not secreted in
those animals which live in water. When the eye-lids
close, the tears are pressed towards the internal angle of
the eye, from whence they are conveyed. .to the nose through
the lachrymal sac. The opening into this sac is either by a
single fissure, or by two small pores, the mouths of two
canals which are situated at the nasal angle of the eye, and
termed puncta lachrymalia.

"The Meibomian Glands are situated in the substance of
both eye-lids. They consist of small follicles, arranged in
vertical lines, terminating in small round holes on the edge
of each eye-lid. The albuminous substance which they
secrete, covers the margins of the eye-lids, and while it pre-
vents the tears from flowing out, preserves the tarsi from
adhering to each other.

The Caruncula Lackrymalis is situated at the inter-
nal angle of the eyelids. "It is a roundish reddish mass,
secreting a thick whitish humour, which is supposed to pro-
tect the lachrymal pores. The Harderian gland, which
occurs nearly in a similar situation, and secretes a fluid
somewhat similar in its properties, although not found in
man, is observable in many quadrupeds, and in birds.

6. Coverings of the Eye.—The external coverings of
theeye are all derived from the common integuments, more
or less altered in their texture. They may be regarded as
three in number, and described under the names, Eye-lids,
Nietitating Membrane, and Conjunctiva.

The Eye-lids, when present, are generally two in num-
ber, the one protecting the upper half of the eye, and term-

QM
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ed the Upper eye-lid ; the other, which covers the inferior
portion, is termed the Under eye-lid. These meet in a line,
which usually observes a horizontal direction. The margins
of both eye-lids are thickened by the cells of the meibomian
glands, and rounded, so that when they meet on the eye-
ball, there is a conduit formed for the tears within. The
Tarsus, as the margin is termed, is still farther strengthen-
ed for supporting a row of hairs, called Cilia, or eye-lashes.
The eye-lids exhibit considerable difference in their mo-
tions. In some animals, both eye-lids are capable of ap-
proaching each other, while in others, only one eye-ld is
able to move, cither the under rising upwards to join its an-
tagonist, or the upper descending for the same purpose. In
one fish, (Tetraodon mola or Sun-fish,) the eye-lid is single,
circular, with a perforation in the centre, the aperture con-
tracting or enlarging according to circumstances.

T'ke Nictitating Membrane, or third eyelid, as it is
sometimes called, is of a more delicate texture, and more
liberally supplied with bloodvessels than the eye-lids, and
is even transparent in some animals. In many animals it
is single, situated at the nasal angle of the eye, within the
eye-lids, or on the interior of the under eye-lid. In others
it is double, situated at each: corner of the eye. In some
cases it is destitute of motion, while in others it is capable
of covering the eye-ball, by extending in a horizontal or
vertical direction, according to its position.

The Conjunctiva forms a permanent and continuous co-
vering on the eye-ball itself. In man, it adheres so closely
to the cornea, that it cannot be separated unless by macer-
ation. In other cases, where there are no eyelids, and
where the skin passes directly over the eye, the adhesion is
very slight. In almost all animals the conjunctiva is trans-
parent where it passes over the cornea, but is usually thick-

" ened and coloured when it covers the sclerotic coat, form-~
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ng what is called the White of the eye. In some animals,
however, (as the Myxine glutinosa of Linn.) this membrane
is so thick and opake, as it passes over the eye, scarcely
differing from the skin on the rest of the body, as to render
the eye beneath useless as an organ of sight.

As connected with the eye, we may here take notiee of
the eye-brows or supercilia. 'These form a screen to pro-
tect the eye from too much light,—intercept the sweat flow-
ing down the forehead,—and greatly contribute to the ex-
pression of the countenance.

The observations which we have hitherto made, illustra-
tive of the structure of the organs of vision, relate to the
more perfect animals. Among the Gasteropodous Moltusca,
the eye is too minute to admit of accurate dissection. It
appears as a black spot, convex, however, on the surface,
and furnished with a nerve from the cerebral portion of the
brain. Among the Annulose animals, black spots are observ-
«ed in many species, but to which no nerves have been traced ;
while in others the nervous filaments have been detected.
Even in the apparent absence of the nerves, these spots
‘have retained the name of Eyes, and the analogy on which
their claim to be so denominated rests, is far from remote.
Such black spots in the annulose animals are termed simple,
in opposition to other organs which are termed compound
eyes. 'The surface of the compound eyes is convex, and,
when viewed through a microscope, appears to consist of a
number of hexagonal facets, slightly convex, forming a hard
elastic membrane. Each facet is concave internally, but
always appearing thicker in the middle than at the edges.
Behind this external compound plate, which may be re-
garded as a cornea, or aggregation of lenses, there is a
close covering of an opake substance. On the posterior
jpart of this last substance, there is a fine delicate membrane
of a black colour, having behind it an expansion of the
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optic nerve, which may be considered as the common reti-
na. Nervous filaments proceed from this retina, penetrate
the black membrane, which has been regarded as the
choroides, and proceed to the concave surface of each facet,
between which the opake matter only is interposed. We
may consider the retina in these animals, in the light of a
ganglion, and the individual filaments as the separate bran-
ches of the retina.

Some of the annulose animals have only these compound
eyes, others only the simple ones, while many species are
in possession of both kinds.

2. Functions oF THE EyE.—We come now to consi-
der this important organ in action.

Rays of light emanate from luminous bodies in all direc-
tions, and the eye may be regarded as an optical instru-
ment destined to act on these rays, and produce an impres-
sion on the retina, indicative of their colour, intensity, and
direction.

These cones, or pencils of rays, falling upon the convex
and transparent cornea, have their direction changed, and
are made to converge. 'The effect is increased by the three
humours of the eye through which the rays pass, so that
they meet at a point beyond the vitreous ‘"humour, which,
by opticians, is termed the Focus. = Here the retina is
spread out to receive the impression, and to communicate
the same to the mind. ‘

No object is visible to the eye, unless the angle formed
by its extreme points exceeds thirty-four seconds of a degree.
In order to render the impression distinct, it is necessary
that all the rays which proceed from any one point of a
body, should be collected in one point of the retina, and’
that all the points of union thus formed, should be disposed
in that organ, in the same relative position as in the body
from which they emanated.  For the accomplishment of this
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purpose, the humours of the eye are so adjusted, in their
form, density and refractive power, as to prevent any dis-
persion or decomposition of the rays. They thus act in a
similar manner to the compound object-glasses of ‘an achro-
matic telescope. ,

As animals reside in different media, it is obvious that
the eyes of each must posscss different refractive powers.
In the land animals the cornea is usually convex, and the
aqueous humour abundant; while in aquatic animals
the former is flat, and the latter in small guantity. In
land animals, the aqueous humour possesses great power
of refracting rays, passing to it through air, aided likewise
by the convexity of its surface. But its refractive power in
water would be comparatively weak. This defect, however,
is supplied by the spherieal form and great refractive power
of thelens, as may be seen in whales, diving-birds, and fishes.

When we look-at the image of an object in the focus
of a convex lens, or in that of the natural eye of a re-
cently slaughtered bullock, prepared by removing the coats
on its posterior side, and thrown. upon white paper, we ob-
serve a picture fermed, but in a reversed position,—the rays
of light-emanating from the upper part of the object form-
ing the lower part of the image, and those from the right
proceeding to the left. Tf the retina, in the living eye, be
considered 'as occupying' the- place of the'white paper in
these experiments, it must follow, that-the image of any
object thus painted on' the retina will be inverted. How
comes it to pass, therefore, that we see every object in its.
natural upright position ?- All this difficalty originates in a
misconception of the nature of the retina, and the impres-
siony  ich it receives. There is no white screen in the
eye, on which the image of an object can be painted.- The
retina is translucent, and the choroid behind it is black.
The retina is not, therefore, acted upon by the reflected
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rays of the inverted image, as our eye is, when looking on
the picture formed on the white paper, but by the direct
rays from the object passing through its substance. We do
not, therefore, see the picture of the object, but the object
itself. And as we sce the object, or any part of it, in the
direction of those rays which proceed from them, and which
produce the sensation, it follows, that the eye really sees
objects in their natural and relative situation.

It is well known that the eye discerns objects placed at
different distances. As the rays of light, which reach the
eye from a distant object, are nearly parallel, they will con-
verge into a focus nearer the humours than those rays
which proceed from near objects and which are more diverg-
ent, and, consequently, will unite in a focus still more remote.
In order to obtain distinct vision in these different circum-
stances, either the retina must recede or approach, accord-
ing to the focal distance ; or, if we suppose the retina sta-
tionary, the lens must move, or experience a change in its
refractive powers, by an alteration of its form or density ;
or, in viewing near objects, those rays only may be admit-
ted which are nearest to the axis, and which are conse-
quently the least diverging. But physiologists are by no
means agreed in their opinion of the means employed by
nature for this purpose.

The sclerotic coat is considered by some as subservient to
this end. They suppose that the muscles compress it, and
that the humours are thus pressed forward, to encrease the
convexity of the cornea, and enable it more readily to con-
verge the rays. But while the sclerotic coat is flexible in
man, whose eye is globular, and easily retains that form by
the humours pressing equally in all directions, it is nearly
mflexible in many animals whose eyes possess this adjust-
ing power, but which are more or less removed from
spherical form. It is indeed pretty cbvious, that the use
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of the sclerotic coat is to preserve the form of the eye, to
furnish points of insertion or attachment, for the muscles
which move the eye-ball, and to support the delicate mem-
branes which line its central surface. At the same time, the
action of the straight muscles on this organ, when flexible,
must have a tendency to alter the form of the contained
humours, and in this manner part of the desired effect may
be produced.

The cornea has likewise heen considered as the instru-
ment, by which the eye is able to exercise the power of
seeing objects at different distances. This effect has been
supposed to take place by the elasticity of the laminz of
the cornea, acted upon by the straight muscles, with which
it is so intimately united. But the effect produced in this
manner, is considered by many so small as to be incapable
of accounting for the display of the power we are now con-
sidering. More recently, Mr Cramprox has demonstrat-
ed the existence of a muscle in birds, capable of changing
the form of the cornea, and which he considers as the organ
employed to alter the convexity of the eye *.

When we look first at a near and then at a distant ob-
ject, or the reverse, we feel that a muscular effort is requir-
ed for the adjustment of the eye, to the change in the dis-
tance of the object to which it is directed. This exertion
becomes very evident, when we look at a spot-on one of the
panes of glass in a window, and then look through the glass
in the direction of the spot to some distant object, as a tree
or house. 'What are those muscles which are called into
exercise? The manner in which the effort is made, leads
irresistibly to the belief, that the straight muscles are ex-
cited to action, and may either act upon the sclerotica or
cornea, .cording to the conditions of these objects, or upon

* Annals of Philosophy, i. p. 173
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both, and thus alter the form of the humours, or change
their relative position with regard to the retina.

The crystalline lens has also been regarded as possessing
the power of changing its form, and varying the focal dis-
tance of the eye, either in consequence of the action of the
ciliary processes, or of a change 'in the internal arrangement
of its parts. Its structure, as displayed by LevweNHoEK *,
Younc +, and others, after coagulation by heat or alcohol,
is considered as muscular. But as it contains no fibrin,
and is even soluble in water, with the exception of a small
portion of extremely pellucid membrane, its muscular power
is denied by some.  Its increasing density towards its cen-
tre, rather indicates a cellular structure, the cells being fil-
led with pellucid matter of different degrees of concentra-
tion. It may be added, as a still more decisive proof that
this power of varying the focal distance is not seated in the
crystalline, that when the lens is extracted in the disease
termed the Crystalline Cataract, the limits of distinet vision
suffer no diminution.

When we look at objects within the limits of distinet vi-
sion, the iris expands, so that the aperture of the pupil be-
comes contracted. In this manner the least diverging rays
only are admitted, and distinct vision obtained.

By this arrangement, it is probable that the eye accom-
modates itself to objeets at different distances, within: the
limits of distinet vision, as it is known to do by the same
means in reference to the quantity of light.

The evidence in favour of this function of the iris ap-
pears to me to be conclusive. The enlargement and con-
traction of the pupil, are confined, indeed, within narrow
limits, but so is the extent of distinct vision within the or-
dinary limits. There is a particular range of minutc in-

° Oper. Om. p. 73. 4 Phil. Trans. 1793, p. 169
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spection, within which the pupil enlarges and contracts, ac-
cording to circumstances. Within this range vision is dis-
tinct ; beyond it, at either extremity, it is obscure. 'When,
however, we are able to assist the iris by any contrivance,
the range of distinct vision is enlarged. Thus, in reading
a book, the page is kept at least six inches from the eye ;
and when brought much nearer, the rays entering the eye to
form the image of the letters possess two great a degree of
divergence, and vision is obscure. When, however, we
look at the letters through a pin-hole in paper, held close to
the eye, we prevent the rays of greatest divergence from
entering the pupil, admitting only those which are nearly
parallel, and the resulting image is so distinct, that we can
read print brought within an inch and a half of the eye.
The pin-hole in paper is thercfore the simplest kind of micro- -
scope, but the eye is fatigued by using it. . When an object,
beyond the limit of minute vision, is viewed through a smal-
ler aperture than the pupil, a more obscure image is formed
than when the eye is uncovered, and the same object ceases
to be visible at a shorter distance *.

® The following experiment by Mr DuNcrisoN, countenances the view
taken above: ¢ A portion of the newly prepared extract of Belladona, for
the sake of experiment, was inserted between, and applied to the eye.lids ; in
consequence, in the space of about twenty minutes, the pupil was so rauch
dilated, that the iris was almost totally invisible. From the time the pupil
attained to three times its natural dimensions, objects presented to this eye,
with the other closed, were seen as through a cloud ; and as it proceeded to
the point of extreme dilation, this effect gradually increased, so that minute
and near objects, as letter-press, &c. could not be at all distinguished. By
means of a double convex lens, the focus of this eye was found to be at
twice the distance of that of the sound eye; the iris, however, dilated upon
the suddei\ aission of light; and although the pupil approached by al.
most imperceptible degrees for six days to its natural size, yet, at the end
of that time, it was dilated to twice the size of the other; and, in propor-
tion as the contraction took place, the sight became more distinct, and the
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When it is considered that the supporters of these vari-
ous opinions have discovered in each of the parts of the eye
which have been referred to, a provision for enabling it to
sce distant and near objects, it seems not unreasonable to
conclude, that the same part may not exercise the spme
funetion in all animals, but, in the different classes, be as-
sisted or superseded by those with which it is connected.
It is likewise probable, that the necessity of this power of
adjustment may not exist to the extent which has been sup-
posed, and that the limits of distinct vision are included
within a narrow range. The human eye sees objects most
distinetly at the distance of from six to ten inches. When
these are removed to a greater distance, we do not perceive
so clearly the shades of colour, or the inequalities of the sur-
face, and this indistinctness of vision increases with the dis-
tance. The action of the straight muscles, however, serves
in some degree to correct the defect. But, in looking at
distant objects, we are assisted greatly in our perceptions
by our former experience; so that it may often happen
that the praise which we bestow on the sightfulness of the
eye, 1s due to the readiness of the recollection. Microsco-
pical inquiries are seldom prosecuted so habitually as to
furnish the same aid to the unassisted eye, when viewing
objects within the range of minute vision.

Some physiologists have been disposed to conclude, that
the formation of a perfect image on the retina, is not essen-
tial to distinet vision; and the following experiment of M.
DE LA Hirg, has been brought forward in support of the
opinion : ¢ If a small object placed at that distance from
the eye, at which vision is most distinct, be viewed through

focus nearer the natural. In the open air, all objects, except those near,
were distinctly seen, but immediately on entering a room, all was again en-
veloped in mist.” Annals of Philosopby, vol. x, p. 432.
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three pin-holes, so disposed, that the interval between the
most distant of them shall not exceed the diameter of the
pupil, the object will be seen single; but if the object be
brought either within or beyond the limits of distinct vision,
it will be seen multiplied as many times as there are holes
in the card, and each of the three images will be as perfect
as the single one *.” If the statements here made be cor-
rect, it must follow, that objects may be seen distinctly by
rays which do not accurately converge on the retina. These
three images are formed from three pencils of rays, which,
as they possess different degrees of divergence when they
strike the eye, must converge at unequal distances behind
it, and be intersected by the retina under different circum-
stances. But upon repeating the experiment, I obtained
very different results. Upon leoking through three pins
holes, placed on a line, the distance of the lateral ones from
each other, not exceeding the diameter of the pupil,at a small
dot made upon white paper, lying six inches distant from the
eye, the dot appeared single. But when I brought the dot
within three inches of the eye, and viewed it through the
perforated card, keeping the central hole oppesite the opti-
cal axis, the images of three dots appeared ; differing, how-
ever, in their distinctness, the central image being clear,
the lateral ones obscure. It is obvious, in this case, that
the cone of rays which entered the middle pin-hole, posses-
sed least divergence, and, consequently, converged ncarly
at the focus of parallel rays, the ordinary station of the re-
tina. But the cones of rays which entered the lateral holes
possessed greater divergence, and consequently met in points
beyond the retina, or were truncated previous to their eon-
vergenc\t sato a focus. The images which they formed,
were therefore ill defined. When one of the lateral holes

* Annals of Philosophy, i. p. 171.



190 PHILOSOPHY OF ZOOLOGY.

was brought into the optical axis, the image formed by the
rays which passed through it, was distinet, the image of the
rays of the central hole was rendered obscure, and the rays
of the remote lateral hole not entering the eye, only two
dots appeared.

When I placed the dot at the distance of a foot from the
eye, and then interposed the perforated card, only one
nmage was formed, nor did more appear when the eye was
removed to a greater distance, or brought a short way with-
in the limits of distinct vision. In this case, the rays which
entered the different holes were nearly parallel, and conse-
uently converged at one point.

When I placed the dot and the perforated card, as in
the first experiment, within the limit of distinct vision,
where three images appeared, and gradually removed the dot
beyond that limit, the three images still continued to ap-
pear even at that distance, where only one would have been
visible, had the perforated card been there interposed for
the first time. In like manner, when the dot, viewed
through the perforated card, beyond the limits of distinct
vision, and appearing single, is brought nearer the eye, it
will still appear single within that distance ; at which, if
viewed for the first time through the card, three images
would have been formed. These appearances are similar
to those which take place in the eye, in ordinary circum-
stances. 'We see a dot upon paper at a greater distance, if
first viewed &t the limit of distinct vision, and then gradu-
ally withdrawn, than when the eye is directed towards it
for the first time in its remote station ; and the same thing
takes place with objects held close to the eye. In these
cases, the action in the retina is continued by a weaker im-
pression than is requisite for its first excitement. These
results warrant the conclusion, that the rays whick do not
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accurately converge upon the retina, do not produce a dis-
tinct image.

The power of seeing objects beyond or within the ordi-
nary limit of distinct vision, is greatly strengthened by ha-
bit. Thus, a sailor will discern the masts of a vessel ap-
pearing at a distance in the horizon, where nothing is visi-
ble to the eye of alandsman. In like manner, a botanist
will detect a Lecidea on a rock, or the entomologist a fly,
where an ordinary observer would perceive no trace of or-
ganized existence.

Some animals are destined to perform the functions of
vision in the full light of day, while others are confined to
the obscure light of the evening or night. In the animals
of the former class, termed diurnal, the mucous pigment
of the eye is of a dark colour. The purpose which it is
supposed to serve, is that of absorbing the rays of light,
after passing through the retina, and of preventing any
reflection of the rays taking place in the lateral parts of
the eye, and disturbing the image of the objects so con-
templated. Where the tapetum exists, however, a por-
tion of the rays must be reflected ; but the reflection in
this case may be so regulated, as to assist rather than dis-
turb the action of the retina. In animals which seek their
food in the dark, the eye is usually of a large size; the
pupil is wide, to-admit a greater number of rays; and the
pigment and tapetum pale coloured, approaching to white.
In these animals, as the cat, for example, whose eyes are
so constructed, that the choroides reflects, instead of absorbs
the ra}s w: light, it is difficult to determine whether the
reflected rays act upon the retina, and excite vision in their
passage outwards, as is generally supposed; or pass through
the retina outwards, without exciting any action, to be
thrown on the object, in order to increase the distinctness
of its image, by an increase of its light. It is not, indeed,
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probable, that both surfaces of the retina are equally
adapted for receiving impressions of external objects ; and,
judging from analogy, it is probable, that the rays in their
pessage inwards alone produce the image *.

In some individuals of certain species of quadrupeds and
birds, the mucous pigment is entirely deficient; so that
the choroid coat is visible through the iris.  This deficien-
cy is always congenital, and is connected with a defect of
the secreting organs of the colouring matter of the hair and
feathers. Such animals are called 47inoes. Their eyes
are tender, and impatient of lLight 4.

Many animals can only see an object with one eye ata
time. But in other animals, as man, both eyes may be di-
rected at once to the same object, so as to produce an image
in the retma of each eye. Still, however, we see objects
simple ; and this single vision has, by some, been aseribed
to habat. It is, however, probable, that vision is always
single, when the images fall on precisely the corresponding
points of both retinz, and only double where this,condition
does not exist. Were this not the case, the compound
eyes of insects would exhibit objects multiplied toan extent

® Phil. Trans. 1799, p. 1.

+ Brrxexsaicu, in reference to this subject, offers the following inter-
esting ebservations. It is well known that this pigment is entirely, or for
the greatest part, deficient in the eye of the albinses or chacrelas; which strange
variety occurs, not unfrequently, in the human race, and in several other
mamumalia and birds. 1 know, however, no instance of an albino ameng
cold-blooded animals. This anomalous deficiency is always congenital ; and
is counected with a want of the colouring principle of the skin, and of the
bair and feathers. It is hereditary in some mammalia, so as to form a con-
stant breed of white aniamls, viz- in the rabbit, mouse and horse, (which
laster are those called glass-eyed.) 1 canmot believe that any whole species
of warm-blooded amimals should originally want this pigment; and,
therefore, I consider the ferret, (Mustela furo,) to have descended from the
polecat (M. puterins.™) Comparative Axatomy, Trans. Note to p. 363.
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which no habit or experience during their limited existence
could reduce. I have observed, that children, from the
time that they are capable of fixing their eyes steadily on
any object, direct both of them towards it; and this effort
they do not seem capable of making, until the iris has ac-
quired the power of dilating and contracting.

8. KNOWLEDGE OBTAINED BY THE SENSE OF SIGHT.—
The information communicated to the mind by means of
the sense of sight, is, perhaps, more varied than that of
touch, but it is less accurate. The qualities and conditions
of objects primarily ascertained by this sense, may be re-
stricted to colour and direction merely. It is true, that we
rely on the information which it communicates with regard
to the distance, form, size and condition of the surface of
bodies ; but in these cases we are apt to be deceived, unless
aided by the recollections of the sense of touch.

The eye is the only organ of the body, which is fitted to
examine the quantity, quality, and motions of the rays of
light. Hence we owe to it all our ideas with respect to
the colour of bodies. We readily perceive the limits of dif-
ferent coloured spaces, and thereby ascertain their shapes
and degree of illumination. Aided by the experience and
the sense of touch, we speedily judge of the boundaries of
objects themselves, by the distribution of colours, and their
distance by their brilliancy. Butin order to preserve the
eye in a.condition capable of perceiving correctly the diffe-
“rences al wg bodies with respect to colour, it is necessary
that it be prevented from looking long on any one colour at
a time, least the retina become fatigued, and less easily ex-
cited to receive impression. When the retina is thus fa-
tigued, the eye ceases to judge accurately with regard to
colour, seeing those only which have been termed accidental,

VOL. I. x
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Thus, as has been already stated, if we look “steadily at a
white spot, and afterwards turn the eye towards white bo-
dies, a dark spot will be perceived by the eye. If we look
at a red spot on a white ground, and then direct the eye to
another part of the white ground, a green spot approaching
to blue will be perceived. In the first case, the retina was
fatigued by the white colour, and could not be excited by
any other colour, having the rays which constituted it in its
composition. The accidental colour was, therefore, black.
In like manner, after looking at the red spot, the retina
was insensible to the impression of a compound colour, ha-
ving red rays in its composition ; hence, the accidental co-
lour consisted of the other rays of the prismatic spectrum,
forming a colour destitute of red. :

The following Table exhibits the Natural Colours, with
their corresponding Accidental ones.

Natural Colours. Acci®  /Zal Colours.
Red, Blue, with a small mixture of green.
Orange, Blue, with nearly an equal mixture of mdigo.
Yellow, Indigo, with a considerable mixture of violet.
Green, Violet with a mixture of red.
Blue, Red, with a mixture of orange.
Indigo, Yellow, with a considerable mixture of orange.
Violet, Green, with a considerable mixture of blue*.

The eye, in general, communicates accurate information
with regard to the direction of objects. The sources of error
in this case are few ; and seldom interfere with the wants or
the enjoyments of the species. They arise either from the
reflection or refraction of the rays which proceed from the

* Accidental Colours, Edin. Encyelop. vol. i. p. 90.
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objects éxciting the sensation. Rays reflected from a mir-
ror, exhibit to us objects in a direction in which they do
not exist ; and a similar deception is successful, when we
mistake the shadow for the substance. Rays which are re-
fracted in passing through media of different densities, like-
wise exhibit objects in the direction in which they do not
exist. The rays of light from an object in water, coming
obliquely to our eye, in air, are deflected from the perpen-
dicular, so that it appears nearer the horizon or higher in
the water, than it actually is, as is seen by immersing the
lower end of a pole in water. On this principle it is well
known, that the bottom of a river appears nearer the sur-
face, or the water seems shallower than it really is, a de-
ception which has proved fatal to many who have ventured
into streams with which they were unacquainted. In at-
tempting to kill fish in the water with a spear, this source
of error will prove very inconvenient, until corrected by
experience. Herons, gulls, soland geese and other animals
which dart from the air upon their prey in the water, must
often miss their aim in youth, from this optical illusion.
When rays of light pass from an object in the air, to an
eye in the water, they are bent towards the perpendicular,
and the object appears nearer the zenith than it actually is.
Trouts and other fisk, which occasionally catch insects fly-
ing over the surface of the water, must learn to avoid this
source of error, or meet with frequent disappointments.
There is one fresh water fish, a native of India, the Cha-
“todon rostratus, or Shooting Fish, which is able to cor-
rect this error with wonderful dexterity. ¢ When the Ja-
culator fish intends to catch a fly or any other insect,
which is seen at a distance, it approaches very slowly and
cautiously, and comes as much as possible perpendicularly
under the object ; then the body being put-in an oblique
N2
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situation, and the mouth and eyes being near the surface of
the water, the Jaculator stays a moment quite immoveable,
having its eyes directlyfixed on the insect, and then begins to
shoot, without ever shewing its mouth above the surface of
the water, out of which the single drop shot at the object,

seems to rise.*” No part of the mouth is seen out of the
water ; and it shoots a great many drops, one after ano-
ther, without leaving its place. Another fish, termed
Zeus insidiator, is known to exhibit the same habits.
These errors of refraction thus corrected by the fish, are,
perhaps, in a great measure, avoided by birds, and other
fishes, by confining their attempts to seize their prey to
a perpendicular direction, in which no refraction takes
place.

In examining the colour and direction of objects, the
eye is seldom assisted by the other senses; and the infor-
mation which it communicates, is in general correct. But
it is otherwise in judging of the magnitude, the distance,
or the condition of the surface of bodies.

We judge of the Magnitude of an object, by the diffe-
rent colours which it exhibits, in comparison of the cclours
of those objects by which it is surrounded. When the
same colour pervades the whole, we must remain in doubt,
so far as the eye alone is concerned, and even in those cases
where there is a great dissimilarity of colour, we are at a
loss to determine, whether the difference is produced by the
margin of the body itself, or only a portion of its surface.
Even after we have determined that the limit of the parti-
cular colour marks the boundary of the object, we have still
to ascertain the angle which its extreme points form with
the eye. But as the size of the angle depends not only
upon the real magnitude of the body, but its distance, it

* Phil. Trans, 1764, p. 89. Tab. ix. ; and 1766, p. 186.
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is obvious, that the sources of error are numerous, and
that the information thus gained is of little value, unless
corrected by the experience of the sense of touch.

As we judge of the magnitude of objects, by the angle
‘which they form with the eye, so, in like manner, do we
employ the same means to determine their Distance, when
restricted to the organs of vision alone. But as bodies of
the same dimensions, when placed at different “distances,
will form with the eye different angles, and as bodies of
unequal dimensions may be so arranged, as to appear un-
der the same angle, our notion of distance acquired by un-
assisted vision, must likewise be very imperfect. It is true,
.that in judging of the distance of objects, their degree of
illumination is likewise attended to. But as objects are-not
always luminous in proportion to their proximity, it may
often happen that this character, instead of contributing to
an accurate result, shall rather generate error.

In judging of the condition of the Suzface of any obJect
in order to ascertain itsinequalities by means of the eye, we
attend to the degree of illumination of the different parts,
and form our opinions from the manner in which the light
and shade are distributed. But as the eye has not the
power of perceiving the difference between a dark ground
-and a shaded place, nor between an illumined and a white
‘spot, it is obvious, that, without the assistance of the sense
of touch, it could not be determined whether the surface
was rough or smooth, pitted or even.

The eye assists us in determining the Motions of bodles :
but, like its intimations with regard to size and distance, it
frequently misleads us. Thus, when an object is moving
in a straight line from us, it appears as if at rest. When
sailing on a river in a boat, the objects which are stationary
on the banks seem to be in motion, while the boat which is
in motion appears to be at rest. In like manner, the -sun

-



198 PHILOSOPHY OF ZOOLOGY.

seems to move, and the earth to be stationary. ~When
bodies move with great velocity, as a cannon ball, they are
invisible ; or when the motion is very slow, as the index of
a clock, it is likewise imperceptible.

Although the intimations of external objects obtained by
the eye, are, in many cases, apt to mislead, yet, when aid-
ed by the scnse of touch, and, in some cases, by that of
smell, the information communicated to the mind by the
organs of vision, is more varied and extensive than that
which is derived from any of the other senses. While the
errors of the eye may mislead the inferior animals, and man
himself, when seeking to supply the wants of existence, yet
they have been converted into blessings by the ingemuity
of our species, and made subservient to the increase of the
pleasure and improvement of civilized society. It must be
understood, that we here allude to the deceptive art of Paint-

ing.

The value of the characters furnished by the organs of
vision, in the systematical arrangement of animals, is sel-
dom estimated at a high rate. The differences exhibited
in the eyes of animals, otherwise nearly related in form and
structure, are so great, that little reliance is placed on the
distinctions which they exhibit in the construction of the
primary divisions of animals. But in the formation of the
inferior groups, the characters of the eye are frequently
employed with advantage, as they are remarkable on ac-
count of their constancy and obviousness.

There are many animals in which no trace of organs of
vision has been discovered. Thus, cyes are wanting in
the pteropodous and acephalous Mollusca, many of the An-
nulosa, and all the Radiata.

In the vertebral and molluscous animals havmo cyes,
these organs are always two in number. But in the annu-
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lose animals, they vary greatly in number, some having
only one, while others have two, four, eight, or more.

The eyes of some animals are fixed ; while in others,
they are capable of a great extent of motion, resting on a
cushion of fat or gelatinous matter, or seated cn the summit
of a moveable peduncle.

The organs of vision are uniformly placed on the head;
or, in the absence of that part, on the anterior portion of
the body. They are usually situated on both sides of the
mesial line, and have always more or less of a dorsal aspect,
unless in Man, whose eyes are directed forwards.

There is no proportion observed between the eye and the
size of the body. Insects present the greatest ocular sur-
face to the light, in proportion to the size of the body,—
whales the least.

IV. Sense-or HEARING.

THE essential parts of the organ of hearing, consist of a
gelatinous pulp, inclosed in an elastic membrane, into which
the last branches of the auditory nerve penetrate. The
vibrations of 'sonorous bodies are supposed to excite move-
ments in this pulp, by which the nervous filaments are af-
fected, and the perception of sound produced. As it is
difficult to assign to each part of the ear its peculiar func-
tion, we shall confine our descriptions to the parts them-
selves, briefly stating as we proceed, the uses which they
are supposed to serve.

1. Structure of the Organs of Hearing.—T'he most com-
plicated part of the organ of hearing, is that in which the
auditory nerve terminates, and which is termed the La-
byrinth. In quadrupeds, it consists of several cavities, hol-
lowed out in the petrous substance of the temporal bone,
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containing a fluid, through which the nervous filaments are
dispersed. 'These cavities are of two kinds., In the first,
there are tubular semicircular holes, which are three in
number, and denominated semicircular canals, which open
into a cavity termed the vestibule ; the second is termed
the cochlea, which likewise communicates with the vestibule,
and consists of a tube revolving round a conical axis, hol-
low like a turbinated shell, describing, according to the
species, from one turn and a half to three turns and a half.
These cavities are filled with a fluid which has been term-
ed the Water of Cotunnius.

The auditory nerve takes its rise from the inferior sur-
face of the fourth ventricle of the brain, and penetrates the
cavities of the labyrinth by traversing an infinite multitude
of perforatious, which it fills by its minute and anasto-
mosing filaments.

In Birds, the labyrinth consists of nearly the same parts
as in quadrupeds. In these, however, the cochlea is less
perfectly developed, and merely consists of a short hollow
bony process, divided into two scalee. The semicircular
canals are not hollowed out of an os petrosum, but consist
of tubes, united by cellular bone. In Reptiles the cochlea
is still more imperfect ; and in many species it can scarcely
be said to exist. The semicircular canals are apparent ;
and there is a bag containing gelatinous pulp, in which the
filaments of the nerves are distributed. In this sac there
is a substance of the consistence of starch, which may be
regarded as occupying the place of the cocllea in the high-
erclasses. In Fishes, the semicircular canals still exist; but
there is no trace of a cochlea. The sac of gelatinous pulp,
contains three cretaceous bodies, varying in hardness in the
different races. The nervous filaments embrace these bo-
dies. Among the cephalopodous Mollusca, the labyrinth
consists of a simple sac, inclosing the pulp and a single creta-
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ceous body. There are no semicircular canals. In the Crus-
tacea, the sac consists of ascaly cylinder ; the one extremity
closed by an elastic membrane, exposed to the action of the
element in which the animal resides; and the other extre-
mity open for the entrance of the nerve. Neither semi-
circular canals nor cretaceous bodies are obvious.

In Quadrupeds, the labyrinth occupies the inner part of
the ear; and on its external side there is a cavity, termed
the Tympanum, or barrel of the ear. This cavity is irre-
gular in its form, according to the species. It is closed on
all sides; behind by the labyrinth, laterally by the osse-
ous parietes, and externally by an elastic membrane, term-
ed membra tympani, or drum of the ear. The inner wall of
this cavity, which is formed by the labyrinth, contains two
openings ; the one termed the fenestra ovalis, which com-
municates with the vestibule and semicircular canals ; and
the other termed the fenestra rotunda, which opens into
the cochlea, but whose orifice is closed by a membrane.
From the floor of the barrel, a tube, osseous at its commence-
ment, and cartilaginous in the remaining part, takes its rise,
which terminates in the back of the mouth in the palate,
called the Eustachian tube. Other holes may be observed
in different species, leading into adjacent cells. The ex-
ternal membrane, by which the tympanum is closed, is at-
tached to the osseous circle which forms the walls. It may
be regarded as a continuation of the skin through the ex-
ternal ear, and of the integuments of the mouth through
the Eustachian tube; it is dry, transparent and elastic.
Within the barrel there are three bones, which form an
immediate connection between the drum and the fenestra
ovalis. The first, which is termed malleus or hammer, ad-
heres to the drum ; and is articulated with the central bone,
incus or anvil, which is again united to a branch of the
stapes or stirrup, whose base rests upon the fenestra ovalis.
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These bones are susceptible of motion, and have muscles
attached to them, by which they are supposed able to
stretch the drum, to compress the fluids in the labyrinth,
and communicate the vibrations of the drum to the pulp of
the canals and cochlea.

In Birds, the tympanum bears a close resemblance to
that of quadrupeds. Its cellular openings, however, are
more numerous, and the cells themselves of greater dimen-
sions. The fenestra ovalis and rotunda, are placed, the
former above the latter, and separated by an osseous bar.
The Eustachian tube is osseous throughout its whole
length. In the barrel there is but one bone connecting the
drum with the labyrinth, branched where united with the
drum, proceeding by slender stalks through the cavity of
the barrel, and forming a plate which closes the fenestra
ovalis.

In Reptiles, the tympanum exhibits very remarkable
differences. In some, it can scarcely be said to exist, while
in others, it s membranaceous, exhibiting the Eustachian
tube, and one or two bones in the barrel. The membrane,
or drum, is wanting in some cases, its place being supplied
by the common skin, while in others, it exhibits its usual
characters of dryness, transparency, and elasticity.

In Fishes, particularly those with free branchiz, there is
no tympanum. In those with fixed branchiz, the rudi-
ment of a tympanum may be observed in the form of a
minute tube leading from the labyrinth to the skin.

Between the drum and the surrounding clement in Qua-
drupeds, the External Ear is situated. It consists of a
tube continued from the drum to the surface of the body.
It varies greatly in the length, direction, and texture of its
walls. 'When arrived at the surface, this meatus audito-
rius exlernus, as it is called, either terminates in a simple
hole, or it is expanded into a cartilaginous arch, termed the



ORGANS OF PLERCEPTION. 203

concha. In Birds, the tube is short, and there is-no ex-
pansion of the skin to constitute an external ear. In Rep-
tiles, there is no tube, nor any external opening, (unless in
the crocodile where the skin forms a kind of lip). The skin
passes directly over the tympanum, exhibiting no change
i its direction, and becoming only a little more transpa-
rent.

Although the organs of hearing, in Insects, have not been
satisfactorily demonstrated, their existence may reasohably
be inferred from the circumstance, that many species are
capable of producing sounds, and others of acting under
their influence.

From the preceding review of the organs of hearing, it
appears, that in some animals the action excited in the air
or water by vibrations of sonorous bodies, is communicated
directly to the auditory nerve, by the medium of ‘the com-
mon integuments. . In other cases, there appears a compli-
cated apparatus, to collect the vibrations, and to transmit
them by means of cavities and tubes, variously arranged,
to the auditory pulp. . These differences in the form and
structure of the parts, must occasion corresponding modi-
fications in the impressions produced; but with regard to
the nature of these, we are still in a great measure igno-
rant.

2. Knowledge obtained by the sense of Hearing.—The
information communicated to the mind by the organs of
Hearing, is far from being so important and diversified as
that which is derived from the sense of touch or sight.

Sound is produced by the motion of the parts of a par-
ticular body, or by the friction of one body against ano-
ther. In both cases, a tremulous motion is communicated
to the surrounding medium, which extends in all directions
like the waves produced in the water by a stone falling into
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it. These undulations affect the organs of hearing, and
excite the sensations of sound.  These undulations vary
with the condition of the body which excites them, and
when carefully attended to, give us intimations regarding
the distance, direction, velocity, connection, and composi-
tion of sonorous bodies.

In judging of the distance of objects by the sense of
hearing, we attend chiefly to the strength of the sounds
which they. emit, considering it as bearing some proportion
to their proximity. But as this depends on the quantity
of motion excited, and the resistance which is opposed, we
may be led to conclude that a body is distant, because the
sound emitted is weak, while it is actually near, but the
extent of its vibrations limited.

The position of sonorous bodies is intimated to us by the
direction in which the vibrations are communicated to the
external organs. In many cases, our conjectures are verifi-
ed by experience, but in others, we are deceived by.the
change produced in the direction of the sonorous waves by
various obstacles, so that we mistake the reflected for the
radiated vibrations,—echo for the direct sound.

In estimating the velocity of moving bodies by means of
sound, we attend to the changes which take place in its
strength.  'When the transition from loud to weak, or from
weak to loud, is rapid, we infer, that the vibrations have a cor-
responding velocity, in proportion to the change of place in
the body which produces them. We are more rarely deceiv-
d in this case than in the two former, although it sometimes
happens that a change in the direction of the sonorous vibra-
tions, may produce corresponding variations in their strength,
without any alteration having taken place in their velocity.

When two bodies are rubbed or struck against each
other, we are in many cases able, from the differences of
sound emitted, to recognise their composition or structure.
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Thus, we can in general distinguish between the sound of’
wood or metal, water or air, and hollow or solid bodies.

In judging, however, of any one of these qualities or
conditions of bodies, we call to our assistance all the infor-
mation which is communicated by the different characters
of the sonorous vibrations, so that the conclusion at which
we arrive, is frequently the result of a very complex, though
rapidly executed mental operation.

T'o animals in general, the sense of hearing gives warn-
ing of the approach or retreat of their foes. In some cases,
it is likewise the medium of communication between the
individuals of the same species, in the expressions of their
feelings of joy or grief, love or hatred. The human ear,
judges of all the qualities of sounds. Some of the qua-
drupeds and birds can, however, perceive sounds which
are inaudible to us, and perhaps can recognise more readily
than we are able to do, some of the modifications of a par-
ticular quality. But our knowledge of the peculiar func-
tions of the different parts of the ear, is still too limited to
enable us to speculate, with any prospect of success, even
were our information concerning the habits and feelings of
the lower animals more extensive and precise.

In the systematical arrangement of animals, the charac-
ters furnished by the organs of hearing, are scarcely ever
employed, unless in the exhibition of generic or specific dis-
tinctions. Even for sueh purposes, the attention is exclu-
sively directed to the external ear, and to the form and po-
sition of the entrance ; the internal ear being concealed from
view, difficult to dissect, and furnishing characters which
can scarcely be expressed by words.

Y. SENSE oF SMELL.

In those animals which possess organs of Smell, suffi-
ciently developed to be obvious to the eye, the Nose, or en-
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trance, is placed on the anterior part of the head. It is di-
vided by a partition which varies in its breadth and posi-
tion, and gives to the nostrils a great variety of character.

1. Structure of the organs of Smell.—In the vertebral
animals which respire by lungs, the partition which is ob-
served externally, is continued to the posterior opening into
the throat, forming what is termed the septum narium.
"This division is formed by the vertical plate of the ethmoidal
bone and the vomer. The cavities on each side are, in
part, filled by the turbinated processes of -the ethmoidal
bone which occupy the vault, and the inferior turbinated
bones, which adhere to the maxillary bones, and project
into the middle of the cavity.

The olfactory membrane lines these cavities of the nose,
covering its septum, walls, and projecting laminze. Tt is
merely a continuation of the external skin, which 1s attach-
ed by cellular substance to the periosteum of the bones, and
which unites posteriorly with the integuments of the throat
and gullet. Near the external openings it resembles the
skin, but towards the imterior it is of a red colour, which is
derived from the numerous bloodvessels with which it is
supplied. = Its surface presents numerous little eminences,
which have been regarded, by some, as nervous papille,
and, by others, as the termination of excretory canals. Tt
is' kept constantly moist by a watery fluid, termed nasal
mucus, n general; a secretion from the whole membrane, in
other cases produced in particular cells.

"This membrane is supplied with nerves from the first pair
or olfactory nerves. These take their rise in the anterior lobes
of thebrain. Each nerve proceeds to its corresponding nos-
tril, and after dividing into numerous filaments, is lost in the
substance of the olfactory membrane, where it covers the



ORGANS OF PERCEPTION. 207

septum and windings of the ethmoidal bone.  Besides the
olfactory nerve, which is considered as essential to the sen-
sation of smell, the nose is likewise supplied with a division
of the vphthalmic branch of the fifth pair, which is princi-
pally distributed on.the inferior part of the membrane, and
termed the nasal nerve.

Connected: with the cavities of the nostrils which we
have already mentioned, there are numerous cells termed
Sinuses, in some of the adjoining bones, which communi-
cate by contracted apertures. . They are termed firontal,
sphenoidal, and maxillury, from the bones in which they
are imbedded. They are covered with a continuation of
the olfactory membrane. = It is thinner in these cells than
in the cavity of the nose, is not supplied with any branch
of the olfactory nerve, although filaments of the nasal nerve
may be traced into it.

In Fishes, the nose does not communicate with the mouth.
The nasal cavity on each side is simple, the olfactory mem-
brane is expanded on the walls, and kept moist by a secret-
ed mucus.  One or two openings externally lead to this ca-
vity. ]

2. Functions of the organ of Smell.—In order to com-
prehend the functions of the nostrils, it is necessary to make
a few remarks on Odours.

Many bodies allow excessively small particles to escape
from their surface, and diffuse themselves through the at-
mosphere. These particles, which are termed Odours, are
always emanating from certain bodies, producing a rapid
decrease of weight in some, as ether, while in others, as
musk, no sensible diminution takes place. ~Such' particles
are not given off by some bodies when in a particular state
of combination, as'ammonia, when united with the stronger
acids, while other bodies require to be combined, previous
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to their escape, as arsenic or phosphorus with oxygen.
Heat assists the escape of odorous particles from a variety
of bodies which are termed volatile. Light likewise influen-
ces the emanation of odorous particles. Hence we find some
plants give out their smell during the day, while others per-
fume the air only at night. Dampness, in many cases, as-
sists the escape of such particles, as appears by the fra-
grance of a garden after a summer shower, or clay when
breathed upon. These odours emanate from bodies in all
directions, with greater or less rapidity, penetrate only
where air can enter, and obey the motions which it experi-
ences.

The air, in passing through the nostrils to the lungs,
comes in contact with the olfactory membrane, which lines
the narrow passages, and enables the odorous particles which
it conveys to act upon the olfactory nerves. We are igno-
rant of the manner in which this action is produced. Has
the olfactory membrane an affinity for odorous particles ?
Does the nasal mucus retain these by its adhesive power,
or is it employed in attracting them ? Are odorous particles
deposited on the membrane, or do they merely act mecha-
nically; as they move along its surface ? These are questions
of difficult solution, and hitherto treated in a superficial
manner.

In the case of fishes, the water impregnated with odor-
ous particles, traverses the cavity of the nose, urged by the
muscular action of the apertures and walls, and brings
them into contact with the olfactory membrane.

3. Knowledge obtained by the sense of Smell.—The sen-
sations produced by the different kinds of smells, are clas-
sified with difficulty. Some are agreeable, such, in general,
as those which serve for food ; others are disagreeable, as
‘the most of those substances which are deleterious.  They
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are likewise classified, according to the effects which they
produce immediately upon the organ or the feelings in gene-
ral ; thus, we have pungent, nauseous, and fragrant smells.
Inmany cases, however, we are compelled, in describing an
odour, to compare it with that which is emitted by some well
known substance. Thus, we say, sulphureous, vinous,
alliaceous, musky, in reference to the smell of burning sul-
phur, wine, garlic, or musk.

This sense gives us information of the presence of odor-
ous bodies, and, in many cases, of their position. -It is,
however, more extensively employed by animals, to distin-
guish one body from another when contiguous, especially
the different kinds of food. It informs us of many of the
changes which take place in bodies by heat, light, or mois-
ture, and thus serves the purpose of a chemical test.

The sense of smell contributes greatly to our enjoyments,
in our anticipations of food, and in the pleasure derived
from perfumes. In man, the organs of smell are more
developed in the savage than in the civilised state. In the
latter, multitudes destroy the utility of this sense, as the
mean of procuring information or pleasure. = Other mam-
miferous animals derive great pleasure from this sense, as
is exhibited by the fondness of dogs to putrid substances,
against which they delight to rub themselves, and of cats
to particular plants.

From the difficulty of characterising the different kinds
of smells, and of recollecting the particular sensations which
they excite, the information communicated by this sense,
though varied, is seldom to be relied on with much confi-
dence. The smell of one body may be disguised by the
presence of another, even when small in quantity, as may
be seen to a great extent in the deceptions of modern
cookery.

VOL. I o
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In the Molluscous, Annulose, and Radiated animals, no
organs of smell have been detected, analogous to those
which exist in the more perfect. animals. They, however,
appear to possess this sense, and to be guided by its inti-
wmations in seeking out the proper kinds of food, their mates,
and a situation to deposit their eggs. In some cases, they
are deceived by the resemblance between the smells of sub-
stances very different in other qualities. Thus, some plants
emit a cadaverous smell, similar to putrid flesh, by which
the flesh-fly is allured, and deposits its eggs on parts of
these which can furnish no food to the future progeny.

VI. Sexsk or TasTE.

The sense of Taste resides in the mouth, and the organs
destined for exercising it are analogous to those of touch.
The skin, upon entering the mouth, becomes of a finer tex-
ture, and is supplied by a greater number of bloodvessels
and nerves than on the outside of the body. It is soft,
covered by numerous papillee, ‘and kept continually moist:
by the saliva. The sense of taste is not confined to any
one part of the mouth; it exists in the cheeks, tongue,
palate, throat, and perhaps gullet, being most sensible in:
those parts which are softest, and have the greatest number
of ‘papillee.

The nerves which are distributed to the mouth, take
their rise from different branches of the fifth, eighth, and
ninth pair. The peculiar office of each of these nerves is
not distinctly understood, nor has it been demonstrated that
they are all conducive to the perfection of the sense of taste.

The bodies which excite the sensations connected with
taste, require to be dissolved or mixed with the saliva of the
mouth, and in this state applied to its integuments. " It is
not known how the particles of sapid bodies moistened pro-
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duce their effect on the organs of taste. Some suppose
that they act chemically, others mechanically. /

"The nomenclature of savours, though very imperfect, is
more precise than that of smells, arising from the circum-
stance that the impressions of sapid bodies are more perma-
nent than of odours.

We distinguish savours into agreeable and disagreeable,
sour, sweat, bitter, hot, and cold; and in our descriptions
of them, we frequently refer to well known bodies, as salt,
sugar, vinegar, as standards of comparison. Sapid bodies
appear to act with greater energy on some parts of the or-
gan of taste than on others. Thus, some affect the throat,
others the palate or tongue. -

As different bodies act on the organs of taste in produ-

(cing a variety of different feelings, this sense is extensively
used in the discrimination of hodies, more particularly those
which serve as nourishment. Indeed, this sense appears
almost exclusively subservient to the digestive system, so
that the pleasure we derive from the savour of bodies in the
mouth, is intimately connected with their salutary effects in
the stomach. ;

The information communicated by this sense is limited
in its nature, in the inferior animals, to food. Man, how-
ever, employs it to ascertain the composition and relation of
bodies ; and, by experience, communicates to this sense a
wonderful degree of sensibility, as we see in chemists, wine-
dealers, and even epicures.

Tt is probable that all animals possess the sense of taste,
to enable them to make choice of the proper kind of food.

Before concluding our remarks on ' the organs of percep-
tion, some general observations may he made on their na~

ture and mutual dependence.
9
02
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a. There is no determinate relation observed in-the de-
grees of perfection of the senses in different animals. Even
in the same class, and subordinate divisions of a class, one
species or genus may have the organs of smell very fully
developed, another those of hearing, a third those of sight,
while the other senses may be in a less perfect condition.
Even among individuals of the same species, such differen-
ces prevail.

b. In judging of the properties of bodies, we seldom rest
satisfied with the information obtained by one sense, but em-
ploy the results furnished by the others, to correct or
strengthen our conclusions. Thus, the organ of touch as-
sists that of seeing, and sight aids the efforts of touch.
Hence, as the senses mutually assist each other, it is dif-
ficult to assign to each of them the knowledge which it
has exclusively communicated. In the case of disease or
accident, where one sense has been destroyed, the other
senses, by an increased sensibility, in a great measure sup-
ply the defect. Thus, hearing and touch, in many cases,
supply the loss of sight, and exhibit striking displays of
that compensating or repairing power, to which we have
had frequent occasion to refer. <

c.*In many animals, where some of the senses exist, al-
though we are unable to detect the organs in which they
are seated, as is the case with hearing in the annulose ani-
mals, it is probable that the deficiency of one sense may
be supplied by the sensibility of the remaining ones.

d. The same qualities in bodies do not produce the same
effects on the appropriate organs of all animals. There is
a striking difference in the degrees of sensibility ; so that
an impression which would be overpowering to one animal
is scarcely felt by another, as appears in the case of
certain sounds, smells and lights. Even sensations excited
Ly the same bodies in different animals, are dissimilar in
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kind. This appears from the circumstance, that what is
agreeable to and sought after by one animal, is often disa-
greeable to another, and carefully avoided.

e. From these considerations it appears to be difficult to
determine the knowledge of external objects, possessed by
any one species, from the developement of the organs of the
senses. Nor does it appear that there is any regular con-
nected gradation in the relative perfection of the senses,
keeping pace with the increasing simplicity of bodily struc-
ture.

J- Although many animals have some of the senses more
fully developed than Man, comparative anatomy furnishes
a demonstration, that there is no animal in which they all
exist in so great a degree of perfection. Hence we are led
to conclude, that man is more intimately acquainted with
the properties of the material world in general, than any
of the inferior animals. ‘

&- Some of the senses, such as taste, smell and touch, re-
quire the existing object to be brought into contact with
the organs; while in others, as sight, heat, and hearing,
the sensation is produced by means of media. Touch,
which is most universally distributed, appears to be the
sense into which the others may be resolved. Thus, light
comes in contact with the eye, heat with the skin, and the

vibrating air with the ear,
CHAP. XI.
FACULTIES OF THE MIND.

Ix treating of the organs of perception, we endeavoured
to ascertain the functions of the six senses, and the kind of
information concerning the objects around us, which they
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are qualified to communicate to the mind. It now remains
that we attend to the sensations themselves, in reference to
the processes performed upon them by the mind, with the
view of becoming acquainted with the faculties of that mys-
terious part of our nature.

In conducting this inquiry, it is difficult to avoid the
use of ambiguous phrases; for almost every term which
can be applied to mind, has been loaded with a vanety of
significations. It will be our aim to render obvious the’
meaning of the terms here employed, by the descriptions
which accompany them.

When we attend to the phenomena displayed by the
mind, we perceive that it exhibits certain relations to the
sensations of the body, changes resulting from their produc-
tion, and consequent efforts of volition,

These different states or conditions of the mind have been
observed to beregulated by peculiarlaws,and tobesubservient
to particular purposes in the animal economy. They have
had bestowed on them specific appellations, to express their
characters ; and they have generally been denominated the
Attributes, Faculties, or (in consequence of volition produ-
cing change) Powers of the Mind. Trivial objections have
been urged against the use of these terms, as implying that
the mind is composed of different parts ; and, consequently,
not entitled to its prerogative of unify. Of the essence of
mind we absolutely know nothing ; and hence the various
phrases, Unity, Indivisibility, Immateriality, and others,
which have been employed to express the nature of this es-
sence, are, in fact, expressions of our own ignorance and pre-
sumption. When we witness the mind capable of exciting
action in matter, and of being excited to action by matter,—
exhibiting its identity by its local residence,—variable in
its relations to matter,~—variable relatively to its own con-
ditionS,—capablg of exercising different functions at the
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same time,—and, last of all, multiplying with an inerease
of population,—we feel overwhelmed with the incompre-
hensible phenomena which it presents, and admit the suita-
bleness of an expression of our Divine Master, when ap-
plied to the present case, * Ye know not what manner of
spirit ye are of.” }

When we attentively examine the peculiarities of the
mental powers, they appear to admit of distribution into
two classes, and several subordinate divisions. These class-
es we term the intellectual and instinctive, and now proceed
to give a detail of their characters.

In the illustrations which are here offered on the mental
phenomena, I have given the result of the observations
which I have made upon my own mind, and the sentient
objects around me, without being influenced by the receiv-
ed systems of philosophy. It would be of great advantage
to moral science, were individuals to study the conditions
of their own minds, and observe the phenomena which are
o accessible, instead of hastily subscribing to the tenets of
a particular school, or yielding to the influence of question-
able authority. The various results from different minds
could thus be compared, discordant statements submitted
to more rigorous scrutiny, and the number and nature of
the attributes of mind more satisfactorily established.

I. InTELLECTUAL POowWERS.

1. FacuLriEs oF THE MIND.—In order to enable the
mind to become acquainted with the objects which produce
an impression on the senscs, certain conditions are necessary.
The organs of perception must be kept steadily towards
them a sufficient length of time, that they may be examin-
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ed in all the various circumstances in which they present
themselves. This power or effort of the mind is termed -

1. Attention.—Unless this power is exercised on the or-
gans of perception, the impressions which are produced
are confused and obscure, and speedily vanish. But, by its
means, the organs are brought into a condition suitable to
receive an impression and determine its nature and dura-
tion, and preserved therein a sufficient length of time.

In the exercise of Attention, we seldom are capable of .
employing more than one sense at a time ; but can, without
much difficulty, fix the mind on several different kinds of
information which one sense is capable of communicating.
Thus, we can distinguish a variety of conditions in sound,
and the impressions produced on the organs of sight.
But this faculty chiefly displays its peculiar nature and its
utility, in its selective operations. Thus, for example, in
looking at a rose, I can either attend to its size, its subdivi-
sions, colour or fragrance. The character on which I am
said to bestow the greatest attention, is the one to which I
direct the suitable organ of sensation with the greatest in-
tensity, for the greatést length of time, and of which I am
said to have the most distinct conception. = Man employs
this essential faculty of his mind, in every inquiry he makes,
and in almost every action which he performs. Without
its assistance and controul, no knowledge of external ob-
jects can be gained, no train of reflection can be pursued,
no successful bodily effort can be made.

In the lower animals, this faculty not only exists, but dis-
plays itself to our observationin various ways. Whatisit but
the exercise of attention, when we see a cat watching for a
mouse, or a kestril hovering in the air? In both cases, the
faculty now under consideration is exercising its controul
over the organs of sight. When we witness the fox-hound
engaged in the chace, we see attention regulating the or-
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gans of smell ; and, regardless of the other perfumes arising
from the ground, permitting only the scent of the cunning
fugitive to make a deep impression. The dog who has lost
his master in a crowd, practises the same restraint upon his
organs of smell, sometimes, also, on his sense of hearing, as
‘he is able to detect his master by his voice, even when
others are speaking at the same time.

Reasoning from analogy, we may conclude, that the fa-
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