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Pl oA CE

EVE RY Preface, befide occafional or expla-
natory remarks, thould contain not only
the general defign of the work, but the motives
and circumftances which induced the author to
write upon that particular fubject. If this plan
had been univerfally obferved, prefaces would
have exhibited a fhort, but a curious and ufe-
ful, hiftory both of literature and of authors.
Influenced by this idea, I fhall give a very com-
pendious account of the origin, defign, and pro-
grefs of the following work.

About fifteen years ago, in a converfation
with the late worthy, refpectable, and ingenious
Lord Kames, upon the too general neglect of
natural knowledge, his Lordfhip {uggelted the
idea of compofing a book on the Puirosorny
oF Naturar History. In a work of this
kind, he propofed that the productions of Na-
ture, which to us are almoft infinite, thould, in-
ftead of being treated of individually, be ar-
ranged under general heads ; that, in each of
thefe divifions, the known fatts, as well as rea-
{onings, thould be colletted and methodifed in
the form of regular difcourfes ; that as few tech-
nical terms as poffible thould be employed ci

an
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and that all the ufeful and amufing views arif-
ing from the different fubjects thould be exhi-
bited in fuch a manner as to convey both plea-
{ure and information.

This tafk his Lord(hip was pleafed to think
me not altogether unqualified to attempt. The
idea ftruck me. I thought that a work of this
kind, if executed even with moderate abilities,
might excite a tafte for examining the various
objects which every where folicit our attention.
A habit of obfervation refines our feelings. It
1s a lource of interefting amufement, ircvents
1dle or vicious propenfities, and exalts the mind
to a love of virtue and of rational entertain-
ment. 1 likewife refleted, that men of learn-
ing often betray an ignorance on the moft com-
mon fubjeéts of Natural Hiftory, which it is
painful to remark.

I have been occafionally employed, fince the
period which I have mentioned, in colletting
and digefling materials from the moft authentic
fources. Thefe materials I have interfperfed
with fuch obfervations, refleétions, and reafon-
ings, as occurrcd to me from confidering the
multifarious fubjetts of which I have ventured
to treat. Iknew that a deliberate perufal of the
numerous writers from Ariftotle downwards,
would require a confiderable portion of time.
But the avocations of bufinefs, and the tranflat-
ing of a work fo voluminous as the Natural
Hiflory of the Count pE Burron, rendered my
progrefs much {lower than I wifhed. I now,
however, with much diffidence, fubmit my la-
bours to public opinion. An examination of the

Contents, however, will convey a more clear idea
of
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of the nature of the work than a multiplicity of
words. But I thought it proper to prefix a
fhort account of the circumitances and motives
which induced me to engage in an undertaking
fo extenfive, and fo difhcult to perform with
tolerable fuccefs. :

With regard to the manner of writing, it is
perhaps impoflible for a North Briton, in a work
of any extent, to avoid what are called Scottz-
cifms. But I have endeavoured to be every
where con{picuous, and to fhun every fentiment
or expreffion which might have a tendency to
injure fociety, or to hurt the feelings of indivi-
duals.

Indulgent readers, though they muft perceive
errors and imperfeétions, will naturally make
fome allowance for the varicty of refearch, and .
the labour of condenfing fo much matter into
fo fmall a compafs. He is a bad author, it has
been faid, who affords neither an aphorifm nor
a motto.

I cannot refrain from mentioning a circum-
ftance which has often made me uneafy. The
expectations of fome friends were higher than I
was confcious my abilities could reach.

Upon the whole, the general defign of this
pubﬁcation is, to convey to the minds_of youth,
and of {uch as may have paid little attention to
the ftudy of Nature, a {pecies of knowledge
which it is not difficult to acquire. This know-
ledge will be a perpetual and inexhauftible
fource of manly plealll)nes; it will afford inno-
cent and virtuous amufement, and will occupy
agreeably the leifure or vacant hours of life.

C O N-
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Dipinguifbing characlers of Animals, Plants, and Minerals.
—The Analogies between the plant and animal, arifing
Srom their fructure and organs, their growth and nourifh-
ment, their diffemination and decay.

ATURAL Bodies, when viewed as they have a re-
lation to man, are marked with charaers fo appa-
rent, that they efcape not the obfervation of the moft un-
enlightened minds. In a fyftem where all the conflituent
parts have a reciprocal dependence, and are conneéted by
relations fo fubtile as to elude the perception of animals,
fuch obvious characters were indifpenfible. . Without
them, neither the affairs of human life, nor the funéions
of the brute creation, could be carried on. Charaters
of this kind are accommodated to the apprehenfion of
brutes, and of vulgar men.
But,
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But, when the productions of nature are more clofely
examined ; ; when they are ferutinized by the eye of phi-
lefophy; the number of their relations and differences is
difcovered to be almofl infnite ; and their fhades of dif-
crimination are often fo delicate, that no fenfe can per+
ceive them.  Nothing, apparently, is more eafy than to
diftinguith an animal from a plant ; and yet the proper
diftinction has puzzled the moft acute inquirers, and,
perhaps, exceeds the limits.of human capacity.

¢ A plant,’ fays ]ungius, is a living, but not a fentient
¢ body, which is fixed in a determined place, and grows,
§ mcn:wfcs in fize, and propagates its fpecies*.” In this
definition, living powers are afcribed to vegetables; but
they are denied the faculty of fenfation. Life, without
fome degree of fenfation, is an incomprehenfible idea.
An animal limited to the fenfe of feeling alone, is the
loweft conception we can form of life. Deprive this be-
ing of the only fenfe it pofleffes, and, though its figure
fhould remain, we would inftantly conclude it to be as in-
animate as a ftone. . The life attributed to plants, feems
to. be nothing more than an analogical deduétion from
their growth, nutrition, commuauon of their fpecies, and
fimilar circumf{tances. -

Ludwig defines vegetables to be: < Natural bodies, al-
¢ ways endowed with the fame form, but deprived of the
¢ power of local motiont.” Every branch of this defini-
tion is, with equal propriety, applicable to precious ftones,
falts, and fome animals ; and, therefore, requires no far-
ther attention.

Sir Charles Linnzeus, in his Fundamenta Botanica, in-
tends to difcriminate the three kingdoms of Nature in two
lines. '“ Stones,” fays he, ¢ grow ; vegetablesgm\V, and
¢ live; animals grow, live, and fee/ §.> 'This is an af
femblage of words, the meaning of~which is entirely
- perverted. The idea of growth implies nutrition and ex-
panfion by the intervention of organs. The magnitude of
ftones may be augmented by an accretion of new matter ;
but this is not growth, or expanfion of parts. The fCA

“cond

* Raii THft. Plant. 'p. 1. 'S, ¥ Ludwig, Phil. Bol.‘p. by e
-4 Fusd. Bot. §3. S.
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cond definition, ¢ That vegetables grow and /live,” is e-
qually inaccurate. Inftead of proving the life of plants,
Linnzus takes it for granted, and makes it the charaéte-
riftic between vegetables and- brute matter. The third,
¢ That animals grow, live, and feel,” is not lefs exception-
able. Growth, life, and mere {fenfation, convey the moft
ignoble notions of animated beings. From this definition,
we would be led to imagine, that Linnzus meant to de-
fcribe the condition of a polypus, or an oyfter. - All ani-
mals, it is true, grow, live, and feel : But, thefe are only
the paflive properties of animals. The definition includes
none of thofe inftin&ive, intelle€tual, and altive powers
which exalt the animal above the vegetable, and fo emi-
nently diftinguifh the diffcrent tribes from each other.

Thefe and many other abortive attempts have been
made to afcertain the precife boundaries between the
animal and vegetable. Definitions have been the perpe-
tual aim of moft writers on this {fubje&. But, definitions,
when applied to natural objetts, muft alwavs be vague
and elufory. We know not the principle of animal life.
We are equally ignorant of the eflential caufe of vege-
table exiftence. = It is vain, therefore, to dream of being
able to define what we never can know.  We may, how-
ever; difcover fome qualities: common to the animal as
well ias 'to the vegetable.

Senfation, motion, and {truture of parts, give animals
a more extenfive range in ' their connection with external
objets. . A certain portion of intellect, joined to the vital
principle, feem to be the moit d1ﬁmcu1ﬂnnzf properties of
animals;and to conftitute their eﬁence or bemg Ani-
malsiwillydetermine, a¢t, and have a communication with
diftant ob)e&s by their fenfes: They have the laws of
nature, in fome meafure, at command. ‘They protect
themfelves from injury by employing force, fwittnefs, ad-
drefs, and cunning. - But, vegetables remain fixed in the
fame place, and are fub]e& to every thmg that moves.
Animals eat at intervals ; their food requires time for
digeftion, and to anfwer the complicated purpofes of fe-
cretion and nutrition. The ftructure of plants is more
fimple: They recelve perpetual nourifhment without in-

Jurv.
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jury. Animals fearch for, and fele&, particular kinds of
food. But, plants muft'receive whatever is brought o
them by the different elements.  Animals exift on the
furfacé'and in the interior parts of the earth, in the air}
in watér, in the bodies of men and other animals, in the
internal parts of plants, and ‘even'in‘ftones.  But, if we
except a few aquatics, plants are fixed to the earth by
roots.
“"All animals, it has been affirmed, have a heart, or par-
ticutar fountzin, for propelling and diftributing their fluids
to the différent’ parts’ of their ‘bodies : But, caterpillars,
and many other infelts, have no fuch general receptacle .
‘The loco-motive faculty has been confidered as peculiar
to animals. But, even this charatter is extremely fufpi-
cious.  Oyfters, fea-nettles, the gall-infedts, and a variety
of other animals, can hardly be laid to enjoy the power of
Tocal motion.” Many fpecies remain forever fixed to the
rocks on which they are produced, and have no motion
but that of extending or contrafting their bodies. 'Be-
fides, examples of diiferent kinds of meotion are difcover-
able in the vegetable kingdom. When the roots of a
tree meet with a {tone, or any other obftruétion to ‘their
motion, in order to avoid it, they change their former
direttion. They turn from barren to fertile earth, which
indicates fomething analogous to a fele€tion of féod.
‘Like the polypus, plants, when confined in a houfe, uni-
formly  bend toward the window, or aperture, through
‘which the rays of light are introduced. '
- T'ke fenfitive plant poflefles the faculty of motioninan
eminent degree. The {lighteft touch makes its leaves fud-
denly farink) and, together with the branch, bend down
toward the earth. Bat, the moving plant, or hedyfarum
‘movens +, of which there are fpecimens in' the botanic
“garden ot Edinburgh, firnifhes the moft aftonifhing exam-
ple of vecctable motion. It isa native of the Eaft-Indies.
Its movéments are not excited by the conta& of ‘external
bodies, bt folely bythe infuence of the fun’srays. - The
‘motions of this plant are confined to the leaves, which are

-~ fupporte

vellegn

* The fubjeét of this paragraph fhall be examined in another place.
+ The Hedyfarum gyians of Linnzus.
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fupported by long flexible foot-ftalks. . When the fun
thines, the leaves move brifkly in every direction. Their
general motion, however, is upward and downward : But,
they not unfrequently turn almoft round ; and, then, their
foot-ftalks are evidently twifted. Thefe motions go on in-
ceflantly, as long as the heat of the fun continues: But,
they ceafe during the night, and when the weather is cold
and cloudy. Our wonder is excited by the rapidity and
conitancy of the movements peculiar to this plant. . The
frequency, however, of fimilar motions in other plants,
renders it probable that the leaves of all vegetables move,
or are agitated by the rays of the fun, though many of
thefe movements are too flow for our perception.

The -American plant called dionea mufcipula*, or Venus’s
fly-trap, affords another inftance of rapid vegetable moti-
on.- Its leaves are jointed, and furnifhed with two rows
of ftrong prickles. Their furfaces are covered with a
mnumber of minute glands, which fecrete a fweet liquor,
and allure the approach of flies. 'When thefe parts are
touched' by the legs of a fly, the two lobes of the leaf
inftantly rife up, the rows of prickles lock themfelves faft
together, and {queeze the unwary animal to death. If a
{traw ora pin be introduced between the lobes, the fame
motions are excited.

When a feed is fown in a rever{ed pofition, the young
root turns downward to enter the earth, and the ftem
bends upward into the air. = Confine a young ftem to an
inclined pofition, and its extremity will foon affume its
former perpendicular direction. Twift the branches of
any tree in {fuch a manner that the inferior furfaces of the
leaves are turned toward the {ky, and you will, in a fhort
time, 'perceive that all thefe leaves refume their original
pefition. ' Thefe motions are performed fooner or later,
in proportion to the-degree of heat, and the flexibility of
the leaves. Many leaves, as thofe of the mallow , follow
the courfe of the fun. In the morning, their fuperior fur-
faces are prefented to the eaft'; at noon, they regard the

‘ Aouth 3

* This fingular and beautiful vegetable is a native of the bogs, or marfhy fitu-

ations, of Carolina.
1 Malva,
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fouth; and, when the fun fets, they are diretted to the
weft. During the night, or in rainy weather, thefe leaves
are horizontal; and their inferior {urfaces are turned to-
ward the earth*.

‘What has been denominated the Sleep of Plants, affords
an inftance of another fpecies of vegetable motion. The
leaves of many plants fold up during the night; but, at
the approach of the fun, they expand with renewed vi-

ur. The common appearances of molt vegetables are
?: changed in the night, that it is difficult to recognife the
different kinds, even by the afliftance of light. ,

The modes of folding in the leaves, or of {leeping, are
extremely various. But, it is worthy of remark, that they
all dilpofe themfelves fo as to give the beft protettion to
the young ftems, flowers, buds, or fruit. The leaves of the
tamarind-tree + contract round the tender fruit, and protect
it from the no&urnal cold. The caffia or fenna, the gly-
cine, and many of the papilionaceous plants, contraét their
leaves in a fimilar manner. The leaves of the chickweed ||,
of the afclepias, atriplex §, &c. are difpofed in oppofite
pairs. - During the night, they rife perpendicularly, and
join fo clofe at the top, that they conceal the flowers.
The leaves of the fida¥ or althaa Theophrafti, of the
ayenia, and cenothera **, are placed alternately. Though
horizontal, or even depending, during the day, at the
approach of night they rife, enibrace the ftem, and pro-
tect the tender flowers.  The leaves of the folanum +4, or
nightfhade, are horizontal during the day; but, in the
night, they rife, and cover the flowers. The Egyptian
vetch ||||- erects its leaves during the night,in fuch a man-
ner that each pair feem to be one leaf only. The leaves of
the white lupine §§, in the ftate of {leep, hang down, and
proteét the young buds from being injured by the noctur-
nal air. j

fis . Thefe

*On thefe fabjeis, the beautiful experiments of thatenlighten i erMr
‘Bonnet, deﬁ'.nc‘,m be confulted. Sccpﬁis R:tt/:erca:? [:ar l”:;[';:;e z&heullolf:pdauid les

plantes, &c. awork in every page of which the genius and the learning of its au-
thor are eminently conlpicuous,

t Tamanndus indica. || Alfine media. § Avriplex kortenfis.
9 Sida Abutiion. ** (Enothera mollifima. +t Solanum Mdongm.
| Abrus precatorius. & Lupinus alus, .
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Thefe and fimilar motions are not peculiar to theleaves
of plants. The flowers have alfo the power of moving:
During the night, many of them are inclofed in their ca=
lixes. Some flowers, as thofe of the German fpurge*;
geranium {triatum, and common whitlow-grafs +, when
afleep, hang their mouths toward the earth, to prevent the
noxious effects of rain, or dew.

The caufe of thefe movements which conftitute the
fleep of plants, has been afcribed to the prefence or ab:
fence of the fun’s rays. In fome of the examples 1-have
given, the motions produced are evidently excited: by
heat.  But, plants kept in a hot-houfe, wherean équal
degree of heat is preferved both day and might, fail not
to contraét their leaves, or to fleep, in the iame manner
as ‘when they are expofed to the open air. This faét
evinces, that the fleep of plants is rather owing to a pe<
culiar law, than to a quicker or flower motion of their
juices.

A ftomach and brain have been reckoned eflential cha=
raferiftics of the animal ; and plants are faid to poflefs
nothing analogous to thefe organs.. But, the polypus
has no ftomach ; or rather, like vegetables, its whole bo=
dy may be confidered as a ftomach. = Its internal cavity
contains no vifcera; and, when this animal is turned out=
fide in, it ftill continues to live, and to digeft its food, in
the fame manner as if it had received no injury. . The
mode by which plants are nourifthed is extremely analo-
gous. They imbibe food by the roots, the trunk, the
branches, the leaves, and the flowers. Inftead, there-
fore, of having no ftomach, their whole ftruéture is fto-
mach. 'With regard to the brain, the polypus, and many
other infeéts, are deprived of that organ. Hence, neither
{tomach nor brain are effential characters which diferimi-
nate the animal from the vegetable. ;

But, all animals are endowed with fenfation, or at leaft
with irritability, which laft has been confidered as a dif-
tin&tive chara&ter of animal life. Senfation implies a dif-
tin& perception of pleafure, and pain. We infer the ex-
iftence of fenfation in organized bodies, when we per-

ceive

* Euphorbia. + Draba verna and alpina.



% THE PHILOSOPHY

ceive that they have organs fimilar to our own, or when
they adk, in certain circumftances, in the fame manner as
we a@v  If an organized being has eyes, ears, and a nofe,
we naturally conclude that it enjoys the lamc [eafations as
thefe organs convey to us. If we fee another being, wiwle
ftruture exhibits nothing analogous to our organs of fen-
fation, contrading with rapidity when touched, directing
its body unitormly to the light, feizing imall iniecls with
tentacula, or a kind of arms, and conveying them inio an
aperture placed at its anterior end, we helitate not to pro=
nounce that it is animated.  Cut ofl its anns, deprive it
of the faculty of contracting and extending its body, ihe
nature of this:being will not be changed ; but we will be
unable to determine whether it poflefles any portcn of
life. - This is nearly the condition of the fmali fections of
a polypus, before their heads begin to grow.. The wicel-
animal, the cels in blighted wheat, and the inails record-
ed in the Philofophical Tranfaions, afford inftances of
every appearance of fenfation, or even of irritability, be-
ing fufpended, not for months, but for feveral years, and
yet the life of thefe animals is not extinguithed ; for, they
uniformly revive upon a proper application of moifture.
- Thefeand fimilar facts thow, that we are entirely igno-
rant of the efience and properties of life.  What life really
is, feems too fubtile for our underftanding to conceive,
or our deafes to difcern. = If we have no other criterions
to diftinguifh life, than motion, fenfation, and irritability,
the animals jult mentioned continued for years in a {tate
which every man would pronounce to have been perfeétly
dead. It is poiiible, therefore, that life may exift in wany
bedies which are commonly thought to be as inanimate
as {tones. Ience, it would be rafh to exclude plants fiom
every {pecies of fenfation. . The degrees of fenfation de-
creafe imperceptibly from man to the fea-nettle, gall-in-
fects, and what are called the moft imperfet animals.
Every vegetable, as well as the fenfitive planiy fhrinks
when wounded. But,in molt of them, the motion is too
flow.for our perccniion.  When trees grow near a ditch,
the reots which proceed in a direciion that would necef-
farily bring them into the open air, infiead of continuing
this
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this noxious progrefs, fink below the level of the ditch,
then fhoot acrofs, and regain the foil on the oppofite fide.
When a root is uncovered, without expofing it to much
heat, and a wet fpunge is placed near it, but in a different
dire@ion from that in which the root is proceeding, in a
fhort time the root turns towards the fpunge. In this man-
ner the direttion of roots may be varied at pleafure. All
plants make the ftronge(t efforts, by inclining, turning,
and even twifting their {tems and branches, to efcape from
darknefs and fhade, and to procure the influences of the
fun. Place a wet fpunge under the leaves of a tree, they
foon bend downward, and endeavour to apply ‘their infe-
rior furfaces to the fpunge. If a veflel of water be placed
within fix inches of a growing cucumber, in twenty-four
hours the cucumber alters the dire&ion of its branches,
bends either to the right or left, and never ftops till it
comes into contact with the water. When a poleis placed
at a confiderable diftance from an unfupported vine, the
branches of which are proceeding in a contrary diretion
from that of the pole, in a fhort time, it alters its courfe,
and ftops not till it clings around the pole.

Fa&s of this kind excite our wonder; but, they by no
means prove that vegetables live, or that they are endowed
with fenfation, which implies a diftinét perception of plea-
fure, and pain. -

There is an inferior fpecies of fenfation, which is dif-
tinguifhed by the term irritability. 'This term denotes that
power by which mufcular fibres, even after they are de-
tached from the body, contrat upon the application of any
ftimulating fubftance, whether folid or fluid. The heart
of a frog, when pricked with the point of a pin, conti-
nues to beat, or to contral& and dilate, for feveral hours
after it has been cut out of the animal’s body. The heart
of a viper, or of a turtle, beats diftinétly from twenty to
thirty hours after the death of thefe animals. The peri-
ftaltic motion of the inteftines is produced by their irrita-
bility. When the inteftines of a dog, or any other qua-
druped, are fuddenly cut into different portions, all thefe
portions crawl about like worms, and contraét upon the
flighteft touch. Though irritability be unqueftionably a

' C 2 vital
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vital pringiple, vet it is equally certain, that mufcular fi-
bres, when feparated from the body to which they beh‘)ng,
have no diftinét perception of pleafure, or pain. Their
regular contraction and dilatation are evident fymptoms
of life; which, in many cafes, may lead us to attribute
living powers to fubftances that enjoyneither life nor fen-
fation.  Hence, though all plants were irritable, this cir-
curaftance would not prove that they are-pofiefled of life.
The contraction and dilatation of the fenfitive plants, and
the various motions of the leaves, branches, flowers, and
roots of vegetables, formerly mentioned, feem to indicate
that moft plants are endowed with irritability. = Perhaps,
all vegetables have more or lefs of this quality. The heart,
inteftines, and diaphragm are the molt irritable parts of
animal bodies : And, to difcover whether this quality re-
fides in all plants, experiments fhould be made chiefly on
their leaves, flowers, buds, and the tender fibres of the
TOOtS. : b o A
#'From this narration of’ fats, it appears, that plants
malke a2 véry near approach to-animals; and!that this fi+
milarity, as well as the difficulty of fixing the precife boun-
daries by which thefe two great kingtloms of nature are
limited, are direct confequences of the organization of
vegetabless+ It is owing to their organic ftructure alone,
that plants and animals are capable of affording reciprocal
nourifhment to cach other. This organic flru¢ture, though
greatly diverfified in the different fpecies of animals and
vegetables, evinces that Nature, in the formation of both,
has acted upon the fame general plan. - May we not pre-
fume, therefore, as plants, as well as animals, are com-
pofed of ‘a regular fyltem of organs, that the vegetable
part of the creation is not entirely deprived of every qua-
ity which we are apt to think peculiar 1o, animated beings?
I'mean not to infinuate, that plants can perceive pleafure
or pain..’ But, as many of their motions and affections
cannot be explained upon any principle of mechanifm, I
am inclined to think, that they originate from the power
of irritability, which, though it implies not the perception
of pleafure and pain, is the principle that regulates all the
vital ‘or involuntary motions of animals. To: afcertain

this
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this point, would require a fet of very mice experiments.
I {hall mention one, which might be performed with toler-
able eale. ' It was formerly remarkec, that plants keptin
a hot-houfe, where the degree of heat is uniform, never
fail to fleep during the night. = “T'his is direct evidence,
that heat alone is not the caufe of their vigilance. But,
they are deprived of light. Let, therefore, a {trong arti-
ficial light, without increafing the heat, be thrown upon
them. If; notwithftanding this light, the plants are not
roufed, but continue to fleep as ufual, then it may be pre-
fumed that their organs, like thofe of animals, are not on-
ly irritable, but require the reparation of fome invigorat-
ing influence which they have loft while awake, by the
agitations of the air and the fun’s rays, by the a& of
growing, or by fome other latent caufe.

It is almolt unneceflary to mark the diltinttion between
vegetables and minerals.  The tranfition from the animal
to the plant is effe¢ted by fhades fo imperceptible, as to
elude the moft acute obfervers.~ But, between the plant
and the mineral, thereis a vaft chaim in the chain of be-
ing, which may be the fource of great difcoveries. In
bodies purely mineral, not a veftige of organization can
be difcovered. The fibrous firucture of the albeftos has
been regarded as an approach toward organization, and
as the link which connecls the mineral to the vegetable
kingdom.  But, this is one of thole ftrained analogies
which are too often employed by theoretical writers.
Though the afbeftos is compofed of a kind of threads, or
fibres, thefe fibres are not tubular ; neither are they inter-
woven,: like that regular tiffue, or fabric, which fo re-
markably diftinguifhes organized from brute matter. H Of
courfe, the magnitude of the abeltos can only be increafed
by the appofition of new matter, and not by any develope-
ment or expanfion of parts. But, though, in the mine-
ral kingdom, Nature ceafes to organize, fhe continues to
arrange.

The regular configuration of falts, chryﬁals, and other
precious {tones, has been confidered, by fome authors,as
the refult of an organic procefs. But the uniform ﬁgure
of falts and chry tals may be the effect of certain laws of

attration
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attraltion peculiar to each fpecies. None of thefe parti-
cles can be regarded as a germ, or bud. They are only
the elements, or conftituent parts, which; when applied
to each other, form a whole. They never expand, or
grow, like the embrios of animals, or plants. They re-
main for ever in the fame ftate, without diminution, or
increafe, except when feparated by force, or magnified by
an accumulation of frefh matrer.  The chryftalline juice
is not afimulated by veflels : It is prepared by a chymical
operation of Nature. The bodies of plants and animals
are machines, exceedingly elaborate, and more or lefs
complicated. '~ Thefe machines, by means of different or-
gans, -have the power of converting other animals and ve-
getables into their own fubftance. By this aflimulation,
all their dimenfions are increafed ; and their various parts
uniformly preferve the fame proportions with regard to
each other,and continue to perform their refpeétive func-
tions. Befides, organized bodies not only multiply their
fpecies, but fome of them poflefs the power of reproduc-
ing fuch parts as are forcibly abftracted from them.

In thefe and many other qualities common to the ani-
mal and vegetable, there is not the fmalleft analogy to be
found in the mineral kingdom. Between the moft regu-
lar foffils, as falts and chryftals, and the moft imperfect
animal or vegetable, the diftance is immenfe. Figured
foflils are not more organized than a column, or a portico.
In the formation of the former, Nature, in that of the
latter, man, is the artift. When no fimilarity is to be
dilcovered in thofe fofiils which are nearly uniformin their
configuration, we are not to expeét it in the more loofe
and irregular parts of brute matter. Here, Nature; re-
gardlefs of fymmetry, conjoins heterogeneous materials,
of which fhe compofes irregular maffes. Many ftones,
flints, and other concretions, afford examples of this
kind.  More art, it muft be acknowledged, appears in
the formation of metals : But their firucture exhibits no
veftiges of organization. '

ANALOGIES.
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ANALOGIES.

HAVING fhown the extreme difficulty of fixing the
boundaries which feparate the animal from the vegetable
kingdom, I proceed to the more pleafing tafk of enume-
rating fome of thofe beautiful analogies which fubfift be-
tween them. ~ To render this fubjet the more agreeable
and inftrudive, inftead of bringing together an uncon-
nected mafs, I fhall trace the analogies between the animal
and plant, under the arrangement of Structure and Organs,
Growth and Nourifhment, Diffemination and Decay.-

STRUCTURE axp ORGANS.

IN all organized bodies, a fimilarity of ftructure feems
to be unavoidable. The bodies of men and quadrupeds
confift of a feries of conneéted bones, which run. from
the head to the rump. = This feries is known by the name
of the back-bone ; from each fide of which, a number of
arched bones proceed. ~Some of thefe join the breaft-
bone by means of cartilages, and form a vaulted cavity,
which contains and defends the heart and other vifcera
proper to the cheft. ~ The bonés of the pelvis; and of the
four extremities, are joined to the back-bones by articu-
lations, and membranes. - By the fame contrivance, the
cranium is fixed to the upper end of the back-bones. Into
different procefles and portions of all thefe bones, a great
number of mufcles, or bundles of flefhy fibres, are infert-
ed. ' Thefe mufcles are the inftruments which give rife to
all the varieties of animal motion. The bones of the head,
or cranium, contain the brain and cerebellum, a prolon-
gation of which runs through the whole extent of the ca-
nal in the back-bone, and is known by the term /pinal
marrow. From the brain and fpinal marrow proceed all
the nerves, or inftruments of fenfation. Thefe nerves,

the-.
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the ramifications of which are infinitely various, and mi-
nute, are diftributed upon the heart, lungs, blood-vefiels,
bowels, and mufcles, till they terminate on the fkin, or
external covering of the body. The heart is the fountain,
or general receptacle, of the blood. The contraction of
the heart propels the blood through the arteries, which
are likewife diftributed, by numerous and complicated ra-
mifications, over every part of the body, and terminate
in the veins, which again colleét the whole arterial blood
into one cavity, and re-convey it to the heart. This cir-
culatory procels goes on during life.

- Befide the organs already mentioned, there are others,
termed fecretory, becaule they feparate peculiar fluids from
the general mafs of circulating blood. The ftomach and
inteftines are furnithed with a vaft number of {mall tubes,
called laéteal ducts, which feparate and abforb the nutri-
tious parts of the aliment, and reject all the grofler and
ufelels particles. Thefe ducts, after innumerable com-
munications with each other, unite into one large tube,
diftinguithed ' by the name of the thoracic duct, which is
the general refervoir of the chyle, or fecreted liquor. This
chyle, which is a mild fluid, pafles from the thoracic duct
to the fubclavian vein ; and by this vein it is conveyed to
the heart, where it mingles with the blood, and is circu-
lated through the body, for the nourifhment of its differ-
ent parts. . It is of no moment, for our prefent purpofe,
to be more particular, efpecially as this fubject will be af-
terwards more fully handled. - I fhall, therefore, juft men-
tion,  that' there are particular organs, or glands, for fe-
creting various fluids, which are neceflary to the exiftence
of the larger animals, as the kidneys for the fecretion of
urine ; the liver for the fecretion of gall ; the {tomach
for the fecretion of the gaftric juices ; the falivary glands
for the fecretion of faliva, &c. ¢+ . 0 oo

From this fketch of the ftru¢hure of man and of qua-
drupeds, very littleattention is neceflary to perceive; that
Nature purfues 2 fimilar plan in the formation of birds,
and fifhes. I seroad ' iy x

In thatsnumerous clafs of animals diftinguifhed by the
name of #8/echs, there dsa:great variety of formy and ftruc-
: ture.
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ture. In many of thefe, Nature feems to depart from her
general mode of operation. But, upon a more accurate
examination, this feeming departure will appear to be on-
ly an extenfion of that univerfal plan which the ob(erves
in the formation of all animated beings. Some infects;
the lobfter, and all the cruftaceous and fhell animals, have
their bones on the outfide of their bodies. To thefe bones
the mufcles and other inftruments of motion are attached.
Many {pecies have no bones ; but, their bodies confift of
a fucceflion of rings incafed into each other. By contract-
ing and dilating thefe rings, all the movements of this
kind are performed. The head, in fome {pecies, changes
its form every moment. It contracts or dilates, appears or
difappears, at the pleafure of the animal.' Thefe motions
are permitted by the flexibility of the membranes, or co-
verings of the head. In other fpecies, the form of the
head is permanent, owing to the hardnefs of the cover-
ings, which are fcaley, or cruftaceous, and approaches
nearer to that of the more perfe&t animals.

Many infe@s are deftitute of particular organs. = Some
want eyes, ears, brain, andnoftrils. . Others have an acute
fenfe of fmelling, though we know not the form or fituation
of the organ. . The inferior fpecies of infets have no in-
ternal lungs, but receive air by lateral pores, and fometimes
by long tubes, or trachez, which protrude from different
parts of the bedy. - Many infects have no heart, or gene-
ral refervoir for the reception and propulfion of the blood.
But, we difcover by the microfcope, that their biood cir-
culates by the pulfation of arteries, and that their differ-
ent fluids are fecreted by glands. - Inia word, Nature, in
the ftruGture and functions of animals, defcends, by de-
grees almoft imperceptible, from man to the polypus; a
being which, ever fince its ceconomy and properties were
difcovered by M. Trembley, has continued to aftonith
both philofophers and naturalifts. The ftru&ture of the
polypus, which inhabits freth-water pools and ditches, is
extremely fimple. = Its body confilts of a fingle tube, with
long tentacula, or arms, at one extremity, by which it
feizes {mall worms, and conveys them to its mouth. It
has no proper head, heart, ftomach, or inteftines of any

kind.
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kind. This fimplicity of ftructure gives rife to an equal
fimplicity in the aeconomy and funétions of the animal.
The polypus, though it has not the diftinétion of fex, is
extremely prolific. ' When about to multiply, a {mall pro-
tuberance, or bud, appears on the furface of its body.
This bud gradually fwells and extends. It includes not a
young polypus, but is the real animal in miniature, united
to the mother, as a fucker to the parent-tree. The food
taken by the mother pafles into the young by means of a
communicating aperture. When the fhooting polypus
has acquired a certain growth, this aperture gradually
clofes, and the young drops off, to multiply its ipecies in
the fame manner. As every part of a polypus is capable
of fending off fhoots, it often happens, that the young,
before parting from the mother, begin to fhoot ; and the
parent animal carries feveral generations on her own bo-
dy. There is another fingularity in the hiftory of the po-
lypus. When cut to pieces in every direction fancy can
fuggelt, it not only continues to exift, but each feftion
foon becomes an animal of the fame kind. What is ftill
more furprifing, when inverted as a man inverts the fin-
ger of a glove, the polypus feems to have fuffered no
~material injury; for it foon begins to take food, and to
perform every other natural funétion. Here we have a
wonderful irrlytance of animal duétility. No divifion, how=
ever minute, can deprive thefe worms of life. What in-
fallibly deftroys other animals, ferves only, in the polypus,
to multiply the number of individuals. M. Trembley, in
the courfe of his experiments, difcovered, that different
portions of one polypus could be ingrafted on another.
Two tranfverfe fetions brought into contaét quickly unite,
and form one animal, though each fetion belongs to a
different fpecies. The head of one fpecies may be ingrafted
on the body of another. When a polypus is introduced
by the tail into another’s body, the two heads unite, and
form one individual. Purfuing thefe ftrange operations,
M. Trembley gave fcope to his fancy, and, by repeatedly
fplitting the head and part of the body, formed hydras
more complicated than ever ftruck the imagination of the
moft romantic fabulifts.

This
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.'This fhort account of the general ftructure of animals
was a neceflary preparation for perceiving more clearly
their connection with the vegetable kingdom.

«The ftruéture of plants, like that of animals, confifts
of a feries of veflels difpofed in a regular order. Thefe
veflels are deftined to perform the different funétions ne-
ceflary to the nourithment, growth, and diffemination of
the plant. In trees, and moft of the larger vegetables,
three diftinét parts are to be obferved ; the bark, the wood,
and the pith.  The bark likewife confifts of three parts ;
the fkin, the body, and the /iber, or inner circle; which
laft, about the end of autumn, afflumes the fame texture
and firmnefs with the wood. The fubftance of the bark
is compofed of a number of longitudinal fap and air vefl~
fels, which have the appearance of fine threads, running
from the root to the trunk, and branches. Befide thefe
veflels, the bark is furnithed with a parenchvm1t0us or
pulpy fubftance, in which there is a vaft variety of fullicuii,
or fmall bladders. The bark is conneéted to the wood by
tranfverfe infertions of the parenchyma.

The wood confifts of two diftin& fubftances ; the one
is denfe, and compa¢t, and conftitutes what is termed the’
ligneous body ; the other is porous, moift, and pulpy, and
is, therefore, called the parenchymatous part of the wood.:
A portion of wood is placed alternately between a fimilar
portion of parenchyma. Thele alternate portions proceed
from the edges of the pith, as radii from the center of a
circle, widening proportionally as they approach the cir-
cumference. Both of them, however, like the bark, are
furnifhed with numberlefs 1'1p and air veflels.

The pith, or heart, is bounded on all fides by the
wood, and is compofed of the fame materials: It is no-
thing but a vaft congeries of air and fap veflels, interwo-
ven with the parenchyma and b]ac.uers, not unlike the
tiffue of gauze, or lace. "This texture is common to every
part of the trunk, being only more clofe and compatt in
the bark and wood than i in the pith. It is well known,
that the pith of plants diminithes in propomon to their

age. 'The reafon is obvious: Every year the ring of vel~
D fels,
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fels, which lies contiguous to the wood, dries, condenfes,
and becomes wood.

The leaves of vegetables confift of a fine fkin, “which
inclofes the parenchyma, or pulp. This fkin, like that of
animals, is an organic body, furnithed with an immenfe
number of parenchymatous and ligneous fibres, and inter-
woven in a manner precifely fimilar to that of the trunk,
and branches. When the fkin is removed, the pulp ap-
pears, and is every where interfperfed with fmall cylindri-
cal fibres, wound up into minute bladders. A large nerve
runs along the middle of every leaf, and continually fends
off branches, which gradually decreafe in magnitude, till
they reach the edge, or difc. This principal nerve is a
collection of fmall tubes, which, at proper diftances, go off,
and are diftributed over the leaf in a manner precifely fi-
milar to'the diftribution of the nerves over the human
body. N

With regard to flowers and fruits, their general texture
is the fame with that of the parts already delcribed, dif-
fering only in various proportions of the ligneous veflels,
and parenchymatous or pulpy fubitance. That vegetables
are poflefled of fecretory glands, is apparent from the al-
moft infinite variety of their taftes, odours, and colours.
Thele fenfible qualities differ even in different parts of tne
fame plant.  But, the glandular fecretion of vegetables is
moft confpicudus in the flowers and fruit.  Many flowers
fecrete a neftareous fluid, which is more gratetul to the
palate than the finelt honey. The glands of fome fruits,
as thofe of the lemon and orange, fecrete liquors of very
different qualities. The veilels of the rhind contain an
acrid effential oil, while thofe of the parenchyma, or pulp,
fecrete an agreeable acid. s o

This fimilarity in the general ftructure of animals and
plants is ftrongly corroborated by the analogous parts-in
both being deitined to anfwer the fame purpofes.

The ceconomy and functions of vegetables, as- well as
thofe of animals, are the refults of a vafcular texture.
Each of thefe clafles oi beings have' vefiels deftined to the
performance of fimilar offices. In man and quadrupeds,
the fluids are circulated by the pulfation of the heart and

arteries.
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arterics. The juices of plants do not circulate ; but they
are raifed from the root to the trunk, branches, leaves,
flowers, and fruit, by the fap-veflels. The afcenfion of
the fap has been afcribed to capillary attraction. But,
though no motion'is perceptible in the fap-veflels fimilar
to the pulfation' of arteries; yet, both the propulfion of
the fap, which moves with great force, and the fecretion
of different fluids by different parts of the fame plant, im-
ply an aétion in thefe veflels. In animals, the gall, the
urine, the faliva, are all conco&ted from the general mafs
of blood, by the ation of particular veffels. Fluids of
thefe different qualities exift not in the blood itfelf : They
are created by an incomprehenfible operation of the vel-
fels, peculiar to their refpective glands. In plants, the fap
alcends, and different fluids are fecreted from it by glan-
dular veflels.  Here the fame effes are produced both in
the animal and the plant. We mutft, therefore, attribute
them to the fame caufe, namely, the action of veflels.
Befides, the fap, which is the blood of plants, moves
with a force often equivalent to the weight of the atmof-
phere. M. Bonnet remarks *, that he has feen, by means
of coloured liquors, the vegetable fap move three inches
in an hour; and Dr. Hales, in his Statics, has fhown,
that the leaves are the principal organs of tranfpiration.
He likewife confiders them to be the inftruments which
raife the fap.  But, it has fince been difcovered, that co-
loured liquors rife equally high in branches deprived of
leaves, and that they do not rife at all in dried plants.
Hence, the fap of vegetables is not taken up in the fame
manner as a {punge imbibes water, but is forced to afcend
by an unknown action of the veffels. The {pring of the
trachez may put in motion the air they contain, and that
air may have fome influence on the general movement.
But, by whatever powers the fap is moved, the exiltence
of the motion is certain; and it is equally certain, that
this movement of the fap produces the fame effects in the
vegetable, that the force of the heart and arteries does in
the animal.
The motion of the fap, in vegetables, is not propetly
a cir-

* Qeuvres, tom, 1. p. 14a, S,



28 THE PHILOSOPHY

a circulation fimilar to that of the blood in the more per-
fect animals. It afcends and defcends in the fame veflels ;
and thefe' motions are evidently affeéted by heat and cold.
‘The fap rifes copioudly in 2 warm day, and defcends during
the might, nearly in the fame manner as the mercury rifes
and falls in the thermometer.  But, though the analogy
heve fails with regard to manand the larger animals, yet it
Lolis in the taenia, the polypus, and many other infects,
which exhibit not the fmalleft veftiges of circulation’in
their juices.

The piihy or medullary fubftance of plants, has fome
refemblance to the brain and {pinal-marrow of animalsz
When the texture of the brain or fpinal-marrow is de-
ftroyed, life is extinguithed ; and, when the pith of plants
is' deftroyed, or dried up by age, they no longer retain the
power of vegerating. The leaves of plants are analogous
to the lungs of animals. It is by the lungs that the per-
fpiration of animals is chiefly effected ; and plants difcharge
moft of their fuperfluous moifture by the leaves. They
expole a large furface to the action of the fun, which pro«
duces a wtranfpiration fo copious, that fome plants throw
out fifteen or twenty times more in a given period, than
is difcharged from the human body. When a plant is de-
prived of itsdcaves in fummer, inftead of ripening its fruit,
it is in great danger of dying for want of thole organs
which ‘carry off' the fuperfluous juices that arife from the
root. 4\ plant, in this fituation, may be confidered as la-
bouring under an althma, or dving of a fuffocation:

~Befide the leaves, plants tranfpire by the pores of the
fkin. - But, the quantity emitted in this manner is not
nearly equal to that which iffues from the leaves.  The
fame thing happens with regard to man and quadrupeds.
‘Though they likewife perfpire through the fkin, yet by
much the greater quantity of perfpirable matter is dif-
charged by the lungs. Befide throwing out fuperfluous
or moxious matter by the leaves, plants, by the fame or-
gansy ablorb from the atmofphcre, and perhaps from the
fun’s rays, fome unknown matter, which is neceflary to
their-exiftencg. The lungs of animals likewife: derive,
SO P from
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from the fame fources, a particular matter, or principle,
without which life could not long be continued.

Another analogy between the ftruture of plants and
animals merits obfervation. The round bones of animals
confift of concentric {trata, or plates, which can be eafily
feparated 5 and the wood of plants confifts of concentric
layers of hardened veflels, which {eparate when macerated
in water. < A tree acquires an additional ring every year ;
and, by counting thele rings, a pretty exat eftimation of
its age may be attained. _

The branches of plants have been confidered as analo-
gous to the arms or tentacula of animals. But, this is one
of thofe ftrained analogies which fhould be carefully
avoided. The great ufe of branches is evident. By pro-
ducing an amazing number of leaves, a large furface is ex-
pofed to the air and {un, to anfwer the important purpofes
of tranfpiration and abforption. If there is any thing in
plants analogous to the arms or tentacula of animals, it
muft be confined to fuch fpecies as twift themfelves around

'poles or trees, as the ivy *, the vine t, the convolvulus,
&ec. and to fuch as fupport their trunks on other bodies by
means of little hooks, as the goofe-grafs ||, and many
other kinds.

All thefe analogles, it may be remarked, are confined
to large animals, and large vegetables ; but they hold not
in that numerous tribe of plants called grafés. Inftead of
being filled with wood and pith, their ftems are perfectly
hollow ; and, to fortify thefe plants, Nature has beftowed
on them ftrong joints, or knots, which are placed at re-
gular diftances in each fpecies. But, though fome of the
analogies which {ubfift between the larger animals and ve-
getables exift not in the fmaller plants, this circumftance,
inftead of infringing, confirms the general plan of Nature.
To difcover the analogies between tubular plants and ani-
mals, we mult examine the ftructure of the minuter tribes
of animated beings. The graffes have neither pith nor
wood internally ; and the polypus, the taenia, and many
other infects, have no bones, heart, or inteftines, but are
{imple tubes, perfeétly refembling the empty ftems of the

gramineous
* Hedera, t Vitis, § Galium Aparine.
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gramineous plants. Befides, the ligneous, or atleaft the
herbaceous part of thefe plants, is placed on the outfide,
fimilar to'the cruftaceous and fhell animals, whofe bones
are fituated externally. = Another analogy muft not be
omitted. The fucculent vegetables, fuch as the houfe-
leek *, the mufhroom tribes, and many fea-plants, confift
almoft entirely of a pulpy or parenchymatous fubftance,
and may be crufhed to a jelly by the flighteit preflure.
The texture of worms, caterpillars, and of all the foft in-
feéts, is extremely fimilar to that of the fucculent vege-
tables.

IL—~GROWTH axp NOURISHMENT..

THE fecond fource of analogies between the plant and
animal is derived from the modes of their growth and
nourithment.

Many ingenious theories have been invented, with a,
view to explain the myfterious operation by which the
growth and nourifhment of animals and vegetables are
effected.  But, I fhall confine myfelf, at prefent, to fuch
remarks as are purely analogical, and may be fully under-
ftood without a minute knowledge of the different ways
by which growth and nourifhment have been fuppofed
to be accomplifhed.

Animals, like vegetables, gradually expand from an
embryo or gelatinous ftate, and, according to their kinds,
arrive fooner or later at perfeétion. This expanfion and
augmentation of fubftance is the idea conveyed by the
word growth.  Without fome nutritious matter taken in-
to the body, and affimilated, by the aétion of veflels, to
the fubftance of the being that receives it, growth cannot
take place. Moifture is the chief food of plants. But,
the food of animals, in general, varies with the fpecies.
This fact led fome philofophers to conclude, that every
plant extracted from the foil a food peculiar to its own
nature. It was, however, afterwards difcovered, by re-
peated experiments, that vegetables can grow, and acquire

a very
* Sempervivum tefforum, &c.
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a'very confiderable degree of bulk and weight, without
exhaufting a .perceptible quantity of the earth in which
they are planted. 'Thefe experiments are a fufficient proof,
that moifture conftitutes the chief nourithment of plants.
They likewife indicate, that vegetables, however diverfified
in their figure, denfity, and fibrous arrangement, are more
fimple in their texture than animals. But,; notwith-
ftanding thefe feeming differences in the nourithment
of plants and animals, Nature fails not to obferve the
fame courfe in both kingdoms. The food of the ani-
mal, before it is converted into nourithment, muft go
through the intricate procefs of digeftion. But, after
the food has been converted into chyle, and the chyle into
blood, this blood becomeés a common fluid, from which
all nourifhment and all animal fluids are derived. Here
the analogy is apparent. Moifture is to the plant pre-
cifely what blood is to the animal. Each of them extraéts
its nourithment from a commeon fluid ; and, in both, this

uid is changed, by the attion of veflels, into the various
juices peculiar to the different fpecies.

When growth firft commences, the embryos of plants
and animals are in fimilar circumftances. Soon after con-
ception, the feetus is inclofed in its membranes, and is
nourifhed, till mature for birth, by blood which it receives
from the uterus, and placenta. In the fame manner, the
embryo of a plant is inclofed in the membranes of the
feed ; and its fibrous roots are fpread over the lobes,
or pulpy part. After the feed is {fown, and vegetation
commences, the embryo is nourifthed by moifture, which
thelobes abforb from the earth, and convey it to the mi-
nute tubes of the feminal root. In many plants, thefe
lobes rife above the furface of the ground, in the form of
leaves, and continue to nourifh and prote&t the tender
plume, or ftem, till it acquires ftrength fufficient to fup-
port the affaults of the air, and weather. A plant, in
this fituation, may be faid to have two roots; one, the fi-
bres of which are diffufed through the fubftance of the
lobes, or feminal leaves, and another attached to the foil.

The nourifhment thus conveyed to vegetables by the fe-

minal leaves, is extremely analogous to that of animals
: by
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by the milk of the mother. The texture of young ani-
mals is fo lax and unelaftic, that the food fuited to maturer
years would foon put a period to their exiltence. But,
Nature has provided againft this inconveniency. = She has
endowed females with a fet of veflels deilined for the fe-
cretion of a mild liquor, fo far concoéted and animalized
as to be adapted to the tender and flaccid condition of their
young. A fimilar provifion of nourifhment is afforded to
the young vegetable. For fome time after the plume and
radicle have begun to fhoot, their texture is {o extremely
tender, that they are unable to fupport each other without
fome foreign aid. This aid is afforded them by the femi-
nal leaves. Thefe leaves abforb dews, air, and other fine
fluids, which are concotted and aflimilated in the veficls
of the feminal root, and then conveyed, in a kind of ve-
getable form, to the feeble veflels of the plume. Hence,
it is apparent, that the nourifhing of young animals by
milk, and of young vegetables by feminal leaves, is the fame

inftitution of Nature, and effected by fimilar inftruments.
Plants,like animals, pafs gradually from an embryo,or in-
fant ftate, to thatof puberty. Atthisperiod of their exiftence,
they have acquired that firmnefs of texture, and that evolu-
tionof parts, whichconftitute the perfection of their natures,
and enable themto producebeingsevery way fimilartothem-
felves. In both kingdoms, the age of puberty arrives later
or more early, according to the difference of fpecies. Some
animals livea few months only. Many of the infect tribes
are produced, grow to maturity, propagate their kind, and
die in the courfe of a fingle feafon. Others, as feveral
flies, beetles, &c. exift two years. Thus animals have a
progreffive duration of life. The dormoufe lives fix years,
the hare feven or eight, the bear twenty or twenty-five, the
camel forty or fifty, the rhinoceros feventy or eighty, the
clephant two hundred ; and fome birds and fithes are fup-
poled to exift during three or four centuries. The fame
progreflive duration takes place among vegetables. Some
plants are annual, as moft of the efculent kinds ; others,
as the hedge-parfley, the wild-carrot *, the parfnip 4, the
fox-glove §, the fcurvy-grafs ||, &c. are biennial; others
exift

* Dancus Carota, + Paftinaca fative. § Digitalis purpurea, | Coclilearia,
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exift three, five, feven, ten, twenty, thirty, fixty, and a
hundred years;; and the oak *, like the.elephant and thole
birds and fithes which are famed for longevity, continues
to adorn the foreft for feveral centuries. Nt
The manner by which the nutritious particles are ex.
tfalted from food, is very fimilar in' the animal and
the plant. ' .In the animal, this operation is performed by
the la&eal veffels, which are diftributed over the internal
furface of the ftomach and inteftines. In the plant, the
fame ‘office is performed by the veflels of the root and
leaves. Hence, animals are organized beings nourithed
by roots fituated within their bodies ; and plants are or-
ganized bodies which abforb their nourithment by roots
placed externally. Befides, in all viviparous animals, the

»

feetus is nourifhed, not by food taken in at the mouth,,

but by veflels attached to the placenta. Thefe veflels per-
form the fame office to the feetus, that roots do te vege-
tables. i i
# Warmth and moifture arc favourable to the produétion
of large and juicy plants ; and the animals that feed upon
thefe fucculent and rich vegztables, are likewife larger than
thofe which inhabit cold countries, where the plants are
fmaller, more rigid, and contain fewer nutritive particles.
Some plants grow in particular climates only. The
rubus aréticus, a fpecies of bramble, fo common in Nor-
way and Canada, hardly endures the climate of Upfal, in
Sweden. But, the alfine media, or chickweed, and feve-
ral graffes, are diffufed over almoft the whole globe. In
the fame manner, fome animals, as the camel, the rhino-
ceros, and the elephant, are produced in warm climates
only ; while others, as the rein-deer, glutton, and marmot,
are confined to the colder regions of the earth ; and maa,
in the anjmal, like fome grafles in the vegetable, kingdom,

is univerfal, and inhabits every climate. 3o

Some plants, as weil as {ome animals, are amphibious,
as the ruth + and the frog; others are parafites; and feed
on the juices they extract from different {pecies to which
they adhere. The mifleltoc||, for example, feeds upon
the oak; moft trees afford nourifhment to certain mofles

i and

* Quercus, + Juncus, u Vifcum,
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and fungous plants ; and every animal is fed upon by fmal-
ler kinds.

The growth of plants, like that of animals, may be ac-
celerated or retarded by promoting or checking their per-
fpiration, and by excluding them from proper exercife and
air.  'When men, or other animals, are confined to fitu-
ations which prevent the free accefs of pure air, their

owth is retarded ; and their fickly colour indicates a de-

et of vigour. Plants, when placed in fimilar circum-
ftances, are always weak, dwarfith, and unnaturally co-
loured. But exercife is equally neceﬂ'ar*y to the health
and vigour of plants, as it is to thofe of animals, The
exercife of animals is effected by various kinds of fponta-
neous motion. Plants are likewife exercifed by motion ;
but that motion is not voluntary: It is communicated to
them by the action of the air. The agitation which they
reccive from the winds enables them to extend their roots,
prevents them from a growth too rapid, and, of courfe,
ftrengthens their whole fabric. It 1s owing to the wan

of this agitation, that plants brought up in houfes, or ili
other confined fituations, fhoot out to an unnatural length;
that their ftems and branches are always flender and weak;
and that they ripen not their fruit like thofe which are
expofed to the open air.

To conclude this branch of the fubje&, plants and ani-
mals are fo nearly allied, that their growth and nourifh-
“ment are not only effe¢ted by fimilar inftruments, but
- fome parts of animal bodies evidently partake of a vege-
table nature. Thus, thehairs, the nails, the beaks, and
the horns, are a fpecies of vegetables, as appears from
their comparative total infenfibility, as well as from the
mode of their growth and reproduétion.

s

I,
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I.—DISSEMIN ATION axp DECAY.

WE fhall, next, take an analogical view of the diflemi-
nation and decay of the animal and vegetable.

The power of reproduction is peculiar to the plant and
animal. Each of them is capable of producing beings
every way fimilar to the parent. But the modes by which
this fingular effeét is accomplithed, are very different in
appearance. = It is our prefent purpole to remove this ap-
parent difference, and to thew that animals and vegetables
multiply their {pecies in a manner extremely analogous.

Animals have long been divided into viviparous, and
ovipargus. The one clafs produce their young alive,
the other lay eggs, which muft be hatched either by the

. heat of the fun, or by that of the mother. This divi-
fion, though very comprehenfive, is not perfect. Several
animals have lately been difcovered which are neither
viviparous nor oviparous ; and there are animals which
unite both thefe modes of multiplication.

The viviparous clafs comprehends men, quadrupeds,
and fome fithes, reptiles, and infeéts. 'The oviparous in-
cludes birds, fome reptiles, and moft of the infe& tribes.
But, the armed polypus, or bydra of Linneus, inftead of
being either viviparous or oviparous, multiplies its fpecies,
as formerly remarked, by fending off {hoots from the body
of the parent.

Another fpecies, called the bell-polypus, or hydra flento-
rea of Linnezus, multiplies by fplitting. longitudinally.
In twenty-four hours, thefe divifions, which adhere to a
common pedxcle, re-fplit, and form four diftin& animals.
Thefe four, in an equal time, again fplit; and thus they
proceed doubling their numbers daily, till they acquire a
figure fomewhat refembling a nofegay. The young after-
wards feparate from the parent ftock, attach themlfelves to
the roots or leaves of aquatic plants, and each individual
gives rife to a new colony.

The
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The funnel-fhaped polypus multiplies by fplitting tranf-
verfely. Of the individuals, accordingly, which proceed
from this divifion, one has the old head and a new tail,
and the other a new head and the old tail. - The fuperior
divifion fwims off, and fixes itfelf to fome other fubﬁ-ance;
but the inferior divifion remains attached to the former
pedicle. e
. The dart-millepes affords another example of multipli-
eation by {pontaneous {eparation.  This infect divides,
about two-thirds: below the head, into two diftinét and
perfect animals 3 and it {feems to pofleis no other mode of
continuing the fpecies. . - ‘ /

‘hé multplication of the various animalcules which
appear in infufions of animal and wvegetable fubftances,
long occupied the attention, and eluded the refearches of
philofophers.  This difcovery of the increafe of fome
larger animals by fpontaneous divifion, gave rifgto the
conjecture, that thele microfcopic animalcules might mul-
tiply their numbers in a fimilar manner.  This conjecture
was communicated to M. de Sauflure in a letter from
Bonnet, who received an anfwer, dated at Genoa, Sep-
tember 28, 1769, to the following purpofe.

¢ What you propele as a doubt,” fays M. de Sauflure,
¢1 have verified by inconteftible experiments, namely,
¢ that infufion-animalcules multiply by continued divifi-
¢ onsand fubdivifions. "I'hofe roundifilx or oval animal-
Scules that have no beak, or hook, on the fore part of
¢ their bodies, divide tranfverfely. ~ A kind of ftricture,
¢ or {trangulation, begins about the middle of the body,
“which gradually increales, till the two parts adhere by a
fmall thread only. Then both parts make repeated ef-
¢ forts, till the divifion is completed. . For fome time after
¢ feparation, the two animals remain in a feemingly torpid
Sftate.. They afterwards begin to fwim about brifkly.
¢Each part/is only one half the fize of the whole : But,
¢ they foon 2cquire the magnitude peculiar to the fpecies,
“rand multiply by fimilar divifions.’ ¢ T'o obviate every
¢‘doubty’continues our puthor, ¢ I puta fingle animal-
¢ cule’into a drop of water, which {plit before my eyes.
. ¢ Next day, ! had five, the day after, fixty, and, on the
¢ third
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¢ third day, their number was fo great, that it was impof-
¢ fible to'count them *.
¢ Another fpecies, with a beak, or horn, on the fore
¢ part of its body, which I obtained from an infufion of
¢ hemp-feed, multiplied likewife by divifion, but in 2 man-
¢ ner {till more fingular than the former. This animal-
¢ cule, when about to divide, attaches itfelf to the bottom
¢ of the infufion, contratts its body, which is naturally
¢ oblong, into a fpherical form, fo that the beak entirely
¢ difappears. It then begins to move brifkly round, fome-
¢ times from right to left, and fometimes from left to right,
¢ the cdntre of motion being always fixed. Towards the
¢ end, its motion accelerates, and, inftead of a uniform
¢ fphere, two crofs-like divifions begin to appear. Soon
¢ after, the creature is greatly agitated, and fplits into four
¢ animalcules perfeéily fimilar, though fmaller than that
¢ from gyhich they were produced. = Thefe four increafe
¢'to the ufual fize, and each, in its turn, fubdivides into
¢ other four 1,” &c. :
The beauties of Nature have been juftly celebrated in
the uniformity of her productions. = This uniformity was
early remarked, and gave rife to the ancient divifion of
animals into viviparous and oviparous, which continued to
be adopted,as an univerfal maxim, till within thefe hundred
years. Before this period, it was believed by philofophers,
thatall animals were either brought forth alive, or hatched
from eggs.  Among the ancients, indeed, and even down
to the time of the celebrated Redi, this maxim included
chiefly the more perfect animals ; for, with regard to moit
of the infe& tribes, they imagined that thefe were produ-
ced by putrefa&tion, and the admixture of particular kinds
of matter. But, Redi, by a feries of unqueftionable ex-
periments, exploded the doétrine of the equivocal gene-
ration of infects’; and then the maxim, without farther
inveftigation, was extended to the whole animal kingdom.
Redi’s experiments and remarks turned the attention of
philofophers to the minuter tribes of animals. In the
courfe of a few years, accordingly, feveral eminent men
arefe.

* La Palingenefic Philofophique, par C. Bonnet, tom. 1. p. 428, 429.  S.
+ Idem, p. 430. S.
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arofe. Reaumur, Bonnet, Trembley, Ellis, Spallanzani,
and a multitude of other writers, opened new views with
regard to the manners and aeconomy of animated beings.
M. Bonnet has furnifhed inconteftible evidence, that feve-
ral fpecies of the puceron, or vine-fretter, are both ovi-
parous and viviparous *. In fummer, thefe infects bring
forth their young alive ; but, in autumn, they depofit
eggs upon the bari and branches of trces. Here, the in-
tention of Nature is apparent. The puceron is unable to
furvive the winter colds ; and, therefore, though vivipa-
rous during the warm months, the fpecies could not be
continued without this wife provifion. The puceron, it
thould appear, is naturally difpofed to produce live young.
The feetus is inclofed in a membrane, which, like that of
the larger animals, burlts before exclufion. But, when
the cold feafon commences, the gencral texture of the
animals, as well as of the membranes inclofing the feetus,
becomes more firm and tenacious; and this, perhaps, is
the phyfical reafon why they are viviparous in fummer,
and oviparous in autumn. Many other flies are known to
be viviparous. Upon farther examination, all thefe will
probably be difcovered to be allo oviparous .

The puceron exhibits another phaznomenon ftill more
fingular. The maxim, that multiplication prefuppofed
impregnation by fexual embraces, was formerly thought
to be univerfal. Neither fhould the reception of this max-
im be regarded as a matter of wonder ; fI())r it was founded
on a very general and {trong analogy. But, the following
fafts thow, that Natute, though uniform in many fteps of
her progrefs, is not invariably limited to the fame mode
of operation.

On the 20th day of May, M. Bonnet took a young
puceron, the moment after dropping from the womb of
its mother, and fhut it up in a glafs veffel, to prevent all
poflibility of communication with any individual of the
fpecies. A fprig of the tree on which the animal was
produced, fupplied it with nourifhment. The creatute
changed its fkin four times, namely, on the 23d, 26th,

29th,

* Trait* d’Infe&ologic o5

+ See Reaumur, tor.:.f BP:;f I!?_":\]:,u;)t?:g l(-';;‘]l.94;._vz. ¥
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29th, and 31& days of the fame month. After a minute;
detail of circumitances, M. Bonnet informs us, that his

imprifoned puceron grew with rapidity ; that, on the 1ft

day of June, it brought forth ; and. that, from this day

to the 21ft, it produced no lefs than g5 young, all full of
life and vigour *. He frequently repeated this experi-

ment, and 1t was always followed with the fame event.

M. Bonnet, fufpetting that a fingle impregnation might
influence both the mother and her immediate offspring,
refolved to obviate every difficulty. For this purpofe, he
confined, in feparate glafies, the young of {ucceflive births,
as they dropped from their mothers.  Each of thefe, how-
ever, were equally fertile, though he continued the expe-
riment to the ninth generation from the original parent {.

Falts of this kind, which feem to interrupt the ordi-
nary current of Nature, thould infpire philofophers with
cautlon They fhould create reverence for fuch of her
operations as are already known; but, they thould like-
wife check that rath fpirit which too frequently draws un-
limited conclufions, before the fubje& be fully inveftigat-
ed. Of all induions regarding the hiftory of Nature,
the neceflity of fexual commerce for multiplying the fpe-
cies appeared to be the molt general and the moft legiti-
mate. The ceconomy of the puceron, however, demon-~
ftrates, that even this law is not indifpenfable, and that
Nature has the power of changing her fteps, and of ac-
complifhing the fame purpofes by various means.

Having enumerated the different modes by which ani-
mals multiply their fpecies, I fhall next fhow, that the
multiplication of vegetables is extremely analogous.

The viviparous, as well as the oviparous animals, are
fuppofed to proceed from eggs, with this difference, that
the young of the viviparous are hatched in the uterus
previous to their exclufion.

Many ftriking analogies fubfift between the eggs of ani-
mals and the feeds of plants. When placed in proper
citcumftances, they both produce young every way fimi-

lar

* Bonnet, Traitt: d’Infeftologie, tom. 1. p. 39.; and Reaumur. tom. 1e.

p: 353 S.
t Idem, tom. 1. p.74. etfeq. S.



40 THE PHILOSOPHY

lar to the parents. To accomplifh this wonderful effeé,
the egg requires impregnation, and heat. Moillure,
warmth, and foil, or fome fimilar matrix, are néceflary
for the exclufion of the young plant. This analogy
has been extended much farther by Linnzus, and other
fupporters of the fexual fyftem of plants. They main-
taip, that impregnation is equally indifpenfable to the ve-
getation of the feed, as to the fertility of the egg. But,
- as this do&trine will be difcufled when we come to treat
of fexes in general, we fhall here difmifs it without far-
ther remark. :

Eggs are not only analogous to feeds, in their general
deftination of reproducing individuals, and continuing’
the fpecies, but there'is a great fimilarity in the ftructure”
and ufes of their refpettive organs.

The internal parts of the egg are covered with a cruft,
or fhell, and two membranes. Befide thefe, the yoke is
included in a feparate membrane. ~ When the two firft
membranes are removed, the white appears every way
invefting the yoke. In the white, or rather on the mem-"
brane of the yoke, a fmall cicatrice is difcernible, in the
centre of which is the punctum faliens, or embryo of the
future animal.  After two or three days incubation, this
punctum faliens becomes red, and fhoots out blood-veflels,
“which are difperfed through the yoke, in the fame'man-"
ner as the veflels of a feetus are diftributed over the pla-
centa,

A feed is likewife covered with a fhell, or cruftaceous
membrane. Another membrane invefts the whole kernel,
or pulpy lobes of thefeed. Each lobe, like the yoke of the’
egg, is involved in a feparate membrane. In every féed
there is alfo a fmall cicatrice, or aperture, through which
the young plant iffues. Immediately under this cicatrice,
the plume, or future plant, is difcernible, refembling the
punctum faliens of the egg. The branches of the radicle pro-
ceed from this plume, and are difperfed through the fub--
ftance of the lobes; in the fame manner as the blood-veflels
iffue from the punctum faliens of the egg, and are diftributed
over the yoke. It is by the pulp of the lobes that the -
radicle and plume are nourithed, till the one thoots down’

into
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into the. foil, and the other mounts above the furface.

In feeds, there is nothing analogous to the white of an
egg. Such a provifion would have been {uperfivous ; for

the earth, in which the feeds are to germinate, muft al-
ways be moift, otherwilethe young plant could not re-
ceive nourithment, after iffuirig from the feed. Belides,

the eggs of fithes have no white, becaufe they are perpe-
tually moiftened with water.

, The analogies arifing from the multiplication of ani-
mals and plants, by means of eggs and feeds, are the moft
common, and the moft obvious. * Evgs and feeds are evi-
dently organs formed on the fame plan, and deftined by
Nature to anfwer the fame general intention : But the
multiplication of plants, as well as that of animals, is
not confined folely to one mode. :

The young of viviparous animals, though they proba-
bly originate from fmall eggs, are not brought forth till
they have acquired a certain age and firmnefs of texture.
It may be thought, that there is no multiplication of plants
which has any refemblance to that of viviparous animals.
We thould refleét, however, that plants can multipIy by
buds. Now, a bud has no analogy, either in texture or
appearance, to a feed. Buds arife from the ftems or bran-
ches of vegetables. One object in their formation is to
produce leaves and branches, as well as to extend the
length of the trunk or ftem." But, they are likewife en-
dowed with the faculty of reproducing new individuals.
In this refpect, trees and fhrubs may be confidered as vi-
viparous plants ; becaufe they produce out of their own
bodies an organ, which, though differing in every view
from a feed, is brought forth alive, and, when properly
cherithed, is converted into a being perfe&ly fimilar to
the parent, and capable of continuing its fpecies. The
embryo of a bud commences its exiftence under the bark.
Here it remains, for fome time, inclofed in membranous
coverings, and attached to the bark by minute fibres,
which convey to it a nourithment fnited to its condition.
When arrived at a certain fize and confiftence, it pierces
the bark, and fhoots out into the open air. If allowed to
remain on the parent, it foon burfts through its mem-

F branes,
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brancs, and, in time, gives rife to a new branch : But,
when detached from the parent, and placed in proper cir-
cumilances, it becomes a new individual of the fame
{pecies.

Bulbous-rooted plants furnifh a ftill ftronger analogy
between the increafe of viviparous animals and that of
vegetables. In the end of autumn, if the coats of any
bulbous root be carefully diffected, the entire plantin mi-
niature will appear in the centre of the root *. In fpring,
this fmall plant, like a feetus inclofed in the uterus, pier-
ces the coats of which the root confifts, and gradually.
grows till it flowers, ripens its feeds, and dies at the ap-
proach of winter, when a new plant is again formed in
the old root. Here we have an example of the multipli-
cation of plants fimilar to that of the puceron ; but the
order of time is reverfed. The puceron is viviparous in
fummer, and oviparous in autumn ; but, bulbous-rooted
plants may be confidered as oviparous in fummer, and
viviparous iu autumn.

The fame analogy is to be traced in thofe roots which
have what are called ¢yes, like the potato. Thefe eyes are
all plants in miniature, which live in that ftate during
the winter, and, when committed to the foil, come to
maturity in fummer.

There are ftill other modes of multiplying common to
the animal and vegetable. Many plants are multiplied by
fuckers, flips, and cuttings. '

The animal kingdom furnifhes examples of all thefe
modes of multiplication. The fuckers of plants have an
exat analogy to the fhoots of a polypus. When feparated
from the parent, the fucker bncomes a perfe& plant, and
the fhoot of the polypus a perfed animal. Plants are
capable of multiplication by {lips and cuttings: And the
portgons of a polypus, however fmall, or when cut in any
diretion, reproduce, and become perfect animals of the
fame fpecies.

But, fome fpecies of the polypus, the dart-millepes, and
feveral animalcules which appear in infufions ofp animal

+_..angd

* M. Mariotte and many other writers, have feen in the bulb of the tulip, not
enly the leaves, but even the flowers, and the flamina,
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and vegetable fubftances, multiply by fplitting, or fpon-
taneous feparation. Here the analogy between the ani-
mal and vegetable might be fuppofed to fail. = The water-
lentil, however, a fmall plant, which covers the furface'of
ftagnating pools, multiplies its fpecies by detaching thin
films from the under fide of the leaf. Thefe films, or
tender leaves, produce roots, and vegetate into a regular
plant.

We muft not difmifs this fubject till another analogy be
unfolded. All animals have feafons peculiar to their re-
fpective kinds. Some of the larger animals produce in
the fpring, others in fummer, others in autumn, and
others in winter. With regard to the infect tribes, their
feafons are {till more various. Every month, every week
of the year, gives birth to different fpecies. 'The feafons
of plants are diverfified in a fimilar manner. The growth
of different vegetables is diftributed over the whole year.
Particular tribes foring up at the fame uniform periods.
In this beautiful diverfity of arrangement, the intentions
of Nature are evident. If all plants were to ruth forward
at the fame time, they would infallibly choke each other.
The furface of the earth could not afford them room.
Nature has, therefore,wilely ordained, that the earth thould
always be covered with plants : But, fhe has allo ordain-
ed, that particular tribes fhould die at ftated periods, to
make way for the exiftence of others. The fame incon-
venience would happen, if the produ&ion of all animals,
and particularly that vaft number of fpecies, and that
immenfe profufion of individuals, to which the infe&
tribes give birth, were to take place at one period. The
air would be fo crowded with noxious creatures, that nei-
ther man nor the larger animals could poffibly exift. Be-
fides, the fpecies which feed upon particular plants, if they
were produced at a time when thefe plants did not flou-
rith, would infallibly perith for want of food. In Lap-
land, where the duration of heat is extremely thort, the
whole infects, which inhabit that dreary and barren region,
are produced in a few weeks. Though the number of
{pecies, compared with that of the more prolific climates,
be very limited, the inconvenience is feverely felt. But,

every
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every natural evil is accompanied with fome advantage.
The rein-deer, upon which the exiftence of the Lapland-
ers chiefly depends, are tormented by the fwarms of flies.
To avoid their numberlefs enemics, thele animals leave
the vallies, and alcend the mountains, where the cold is-
too great for the flies to follow.  In thefe lofty regions,
the rein.deer feed during the hot feafon, and return to
the vallics after the cold has deitroyed the myriads of ‘in-
fects. " This forced migration has two good effets = It
both preferves thé health of the-rein-deer, anc the vege-
tables in the vallies, which otherwife would have been
prematurely exhauited. '

‘T'he operation of engrafting was long thought to- be
peculiar 1o the vegetable kingdom. But, M. Irembley
found. that feveral {pecies of the frefh-water polypus could
fuccefsfully undergo this wonderful procefs. Since his
time, it has been difcovered, that the afinia, or {ea-nettle,
is likewife capable of being engrafted to an individual of
the fame or of a different fpecies. In all thefe inftances,
the portions of the divided animals grow together, and
become diitin& individuals. ;

Having traced the general analogies between the ftruc-
ture and ceconomy of the animal and vegetable, from the
rudiments of their exiftence till they have acquired full
maturity, and performed the neceflary oflice of multiply-
ing their fpecics, we proceed to the laft and only melan-
choly branchof this fubject, the unavoidable decay and
death of every fucceflive individual in both kingdoms. :

It is an invariable law of Nature, that all organized
bodies {hould have a conilant tendency to diflolution.
_ But, the periods of their exiftence vary according to the .

fpecies. Previous to attual refolution, plants as well as
animals arc fubjec to a number of amalogous afiettions
and dileafes. When over-heated, plants fhow evident
marks of languor and fatigue: Their leaves become flac-
cid, their {tems and branches bénd toward the earih,
their juices evaporate, and their whole texture affumes
the appearances of weaknefs and decay. = The application
of too great a degree of cold makes the flowers, the leaves,

Sh ~the
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the bark, and even the woody fibres, fhrivel and contra&
in their dimenfions. When deprived of proper light and
air, their colours fade, and they foon acquire a lurid and
fickly afpet. = They are likewile fubject to be ftarved for
want of nouritfhment. The growth of plants, as well as
that of animals, is checked by {canty fupplies of food.
When the foil or fituation is unkindly, vegetables are al-
ways weak and dwarfith, and their prolific powers are di-
minifthed. They may alfo be poifoned by the abforption
of fluids hoftile to their conftitution. Befide thefe gene-
ral affeftions, common to the plant and animal, vegeta-
bles are injured, and often killed, by particular difeafes.

Some difeafes attack the leaves only, and produce fpots
of various colours, rugofities, puftules, galls, &c. Others
are peculiar to the flowers and fruit, and often occafion
barrennefs for a feafon ; and fometimes this fterility con-
tinues during the exiftence of the plant. Others affault
the vifcera, or internal organs, and give rife to obftruc-
tions, tumors, and a gradual refolution and corruption of
the whole fabrick. Many of the difeafes of plants are
produced by the infet tribes. Their wounds and depre-
dations are not confined to particular parts, but extend
from ‘the root to the ftem, branches, lcaves, flowers, and
fruit. Infe&s not only injure the fubftance of plants, but,
by feeding on their juices, deprive them of a part of their
nourifhment, and occafion various difeafes or changes in
their organization. Other difeafes of plants derive their
origin from change of climate, from miafmata or noxious
vapours in the atmofphere, and from improper culture.
When wounded by external injuries, vegetables difcharge
their blood in copious ftreams. If the wound be not
mortal, the fibres on all fides gradually fhoot out, and
clofe the frature by a callous fubitance.

From this general enumeration, it is obvious, that the
difeafes of plants are not only fimilar to thofe of animals,
but proceed from the fame caufes. In both kingdoms,
fome difeafes are only partial or {uperficial, and are cured
either by Nature, or by the afliftance of art. Others are
mortal, and fucceeded by a total putrefattion or decom-
pofition of the individual.

But,
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But, though plants fhould efcape the numberlefs dif-
eales which daily threaten them, they have no defence
againft the flower approaches of old age, and its unavoid-
able confequence, death. In progrefs of time, the veflels
gradually harden and lofe their tone. The juices no long-
er move with equal celerity as in youth. They are not
abforbed with the fame precifion. They at laft ftagnate,
and corrupt. This corruption is foon communicated to
the veflels in which the juices are contained, and produces
a total ceffation of all the vital functions.

The life of animals is diverfified by a number of fuccef-
five changes. Infancy, youth, manhood, old age, are cha-
racterifed by imbecility, beauty, fertility, dotage. All
thefe viciffitudes are confpicuous in the vegetable world.
Weak and tender in infancy, beautiful and vigorous in
youth, robuft and' fruitful in manhood, and, when old
age approaches, the head droops, the {prings of life dry
up, and the tottering vegetable, like the animal, returns
to that duft from which it fprung.

Upon the whole ; by taking a retrofpeive view of the
extreme difficulty of alcertaining the boundaries which
diftinguifh the animal from the vegetable, and of the fimi-
larities in their ftructure and organs, in their growth and
nourifhment, in their diflemination and decay, it is ap-
parent, that both thefe kingdoms conftitute the fame order
of beings, and that Nature, in the formation of them, has
operated upon one great and common model *. &

CH-AP

* The numerous attempts which have made by naturalifts to define the boun-
daries whifh terminate the chain of animals, and to explains the nature and attri-
butes of the vegetable feries, confidered as a clafs, or order, of living beings eflen-
tially differing from animals, have, hitherto, as our author has obferved
““abortive.” FEven in the prefentimproved flate ofNaturalKnowledga ;in
which philofophy and wifdom, next to the love of freedom, are the mot prominent
and difhinclive features, our labours have not been able to conduét ustoan acquaint-
ance with any marks, or charaéters, which decidedly diﬂingui{h the world of ani-
mals and yvegetables. A late writer, however, Dr'Hcdwlg, of- Leipfic, who to
the knowledge of the Potanifl unites the talents of the Plalofopher, is of'opinion
that thefe two cl fles of beings are moft uncquivocally diﬂinguiﬂlcd from cacl;
other by this circumfiance, that the famina, or male organs, of vegetables perifh im-
nediately afier l_hcy have performed the important office of fecundation whilft
the faxpc organs n animals (urvive this funétion, and, in moft cafes, are Ca;)ablc of
repeatingit. .1 do ot admit the folidity of this diftinfion. I mean not to aflert
that animals and vegeiables conflitute but aze great family of beings. * 1n the eye of

Nature,
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e = AN AL SRAEL 1 ©

Of the organs and general firucture of Animals—A [bort
view of the external and internal parts of the human body
—This feructure compared with thofe of Quadrupeds, Birds,
Fifbes, and Infells—How far peculiarities of firucture are
conneéled with peculiarities of manners and dijpofitions.

IN treating of this fubjec, it is not intended to dive
into the depths of anatomical refearch. On the con-
trary, I fhall exhibit fhort views only of the general ftruc-
ture and organization of the various clafles of animated
beings, from man, who is the moft perfet animal of
which we have any knowledge, down to the infe&t tribes.
Confideritig man, therefore, as the ftandard of animal
perfection, we. fhall inftitute frequent comparifons, and
mark peculiar diftinétions, between him and the brute
creation, both with regard to form, manners, and faga-
city. By following this plan, I hopeI fhall be enabled to
render a {ubje& which, at firlt fight, may have a forbid-
ding afpe&, both interefting and agreeable.

e,

STRUCTURE OF MAN.

THE bones may be regarded as the bafis upon which
the human body is conftru&ed. The fpine, or back-bone,
confifts of a number of vertebrz, or fmall bones, con-
nected together by cartilages, articulations, and ligaments.
In the centre ef each vertebra there is a foramen, or hole,

for the lodgement and continuation of the {pinal marrow,
which

Nature, there is, moft probably, a diftinftion between thefe objefls ; but this dif-
tinétion Man has never been able to define. The difcovery is, poflibly, ‘referved
for fome happy genius, in an age more enlightened by fcience.
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which extends from the brain to the rump. From thefe
vertebra the arched bones called ribs proceed ; and feven
of them join the breaft-bone on each fide, where they ter-
minate in cartilages, and form the cavity of the thorax,
or cheft. This cavity contains the heart and lungs ; and
the aefophagus; or gullet, paffes through it to reach the
ftomach. The five lower ribs, with a number of mufcles,
form another cavity termed the abdomen, or belly, in which
are contained the ftomach, the bowels, the omentum, or
cawl, the liver, the gall-bladder, the fpleen, the pancreas,
and the kidneys. The cheft and abdomen are feparated
from each other by the diaphragm, or midriff. The lower
part of this laft cavity contains the bladder of urine, and
the reCtum, or termination of the inteltines. Befide
thefe, in females, the pelvis includes the uterus and its
appendages. This part of the cavity is formed by the os fa.
crum, or termination of the back-bone, and the two offa
innonimata.

The bones of the cranium and face are very numerous,
They are conneéted together by means of futures, arti-
culations, and membranes. The bones of the cranium
include the brain, and its two membranous coverings,
called the pia and dura mater, and the medulla oblongata,
of which lalt the fpinal marrow is a prolongation. The
bones of the upper and under jaw form another cavity
for the reception of the tongue and organs of fpeech.

The only remaining bones are thofe of the er and
lower extremities. The fhoulder and collar bofes arti-
culate with the top of the arm and breaft-bone. The
arm-bone, or os humeri, is joined to the two bones of the
fore-arm, called w/na and radius, and thefe laft' to the
bones of the carpus, or wrift, by means of articulations
and firm membranes. To the bones of the wrift, thofe
of the metacarpus and fingers are attached in a fimilar
manner. <

With regard to the lower extremities, the thigh-bone
articulates above with the hip-bone, and below with the
leg-bone and the rotula, or knee-pan. The leg, like the
fore-arm, is compofed of two pones, the tibia and fibula,
which articulate with each other, and with the tarfal, or

» hecl-



OF NATURAL HISTORY. 49

heel-bones of the foot ; and to thefe laft the metatarfal
bones, and thofe of the toes, are joined.

From this outline, fome idea may be formed of the
human fkeleton. The other parts of which our bodies
are compoled, fhall be mentioned in the fame curiory
manner. _

The mufcular part of the human fabrick confifts of
numerous bundles of flethy fibres. FEach bundle, or dif-
tinct mulcle, is inclofed in a cellular mem'rane, by which
means they may be raifed, or feparated {rom one another,
by the hand of the anatomift. They are inferted, by
ftrong tendinous extremities, into the different bones of
which the {keleton is compofed, and, by their contra&ion
and diftenfion, give rife to all the movements of the body.
The mufcles, therefore, may be confidered as fo many
cords attached to the bones; and Nature has fixed them
according to the moft perfeét principles of mechanifm, fo
as to-produce the fitteft motions in the bones or parts for
the movement of which they are intended.

The keart is a hollow mufcular organ, of a conical thape,
and confifts of four diftin& cavitiecs. The two largeft are
called wentricles, and the two {malleft auricles. 'The heart
is inclofed in the pericardium, a membranous bag, which
likewife contains a quantity of water, or lymph. This
water lubricates the heart, and facilitates all its motions.
The heart is the general refervoir of the blood. By the
contraf’iﬁms and dilatations of this mufcle, the blood is
alternately thrown out of, and received into, its feveral
cavities. ~When the heart contrads, the blood is propelicd
from the right ventricle into the lungs through the pul-
monary arteries, which, like all the other arterics, are
furnithed with valves that play eafily forward, but admit
not the blood to regurgitate toward the heart. The blood,
after circulating through the lungs, returns into the left
ventricle of the heart by the pulmonary vein. At the
fame inftant, the left ventricle drives the blood into the
aorta, a large artery which fends off branches to fupply
the head and arms. Another large branch of the aorta
defcends along the infide of the back-bone, and detaches
numerous ramifications to nourith the vifcera and inferior

g G extre-
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extremities.  After ferving the moft remote extremities of
the body, the arteries are converted into veins, which, in
their return toward the heart, gradually unite into larger
branches, till the whole terminate in one great trunk
called the vena cava, which difcharges itfelf into the right
ventricle of the heart, and completes the circulation.

Befide the heart, the thorax, or cheft, contains the
lungs, or organs of refpiration, They are divided into
five lobes, three of which lie on the right, and two on
the left fide of the thorax. The fubltance of the lungs
is chiefly compofed of infinite ramifications of the trachea
or windpipe, which, after gradually becoming more and
more minute, terminate in little cells, or veficles, which
have a free communication with one another. At each
infpiration, thefe pipes and cells are filled with air, which
is again difcharged by refpiration. In this manner, a cir-
culation of air, which is neceffary to the exiftence of men
and other animals, is conftantly kept up as long as life
remains. _

The inftruments and procefs of digeftion fall next to
be confidered. The ftomach is a membranous and muf-
cular bag, furnifhed with two orifices : By the one it has
2 communication with the @/aphagus, or gullet, and by the
other with the bowels, which begin at the ftomach and
terminate at the anus. In the {tomach and inteftines there
are immenfe numbers of minute veflels called /laéteals,
the mouths of which are conftantly open for the reception
of the nutritious particles. After being moiitened and
‘ubricated by the faliva, the food is received into the fto-
mach, where it is {till farther dilyted by the gaftric juice,
which has the power of diflolving every kind of animal
and vegetable fubftance. When the food has remained
lome time in the {tomach, it is reduced to a greyifh pulp,
mixed with fome chylous or milky particles. The thinner
and more perfeCily digefted parts of the food gradually
pals through the pylorus, or lower aperture of the ftomach,
into the inteftines, where they are ftill farther attenuated
and digefted by the bile and pancreatic juices. While
the food is in this fluid ftate, it receives the denomina-
fion of ¢hyle, and is continually abforbed by the mouths

of
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of the lateal veins. Thefe vefels arife, like net-work,
from the inner furface of the inteftines, pafs obliquely
through their coats, and, running along the mefentery,
unite, as they advance, into larger branches, and at laft
terminate in the thoracic duc, or general receptacle of
the chyle. Befide the lateals, there is another fyftem of
veflels called /ymphatic, or ablorbent veins* : They are
minute pellucid tubes, and generally lie clofe to the
large blood-veflels. The lymphatics from all the lower
parts of the body gradually unite as they approach
the thoracic du&, into which they pour a colourlefs fluid
by three or four large trunks; and the lymphatics from
all the fuperior parts of the body, likewife difcharge their
lymph into the fame dutt, as it runs upward to terminate
in the left fubclavian vein. By this curious and beautiful
machinery, the chyle and lymph, which confit of the
nutritious matters extracted from the food, enter the cir-
culating fyftem, are converted into blood, and afford that
conftant fupply of nourifhment which the perpetual wafte
of our bodies demands.

We fhall next give a fketch of thofe important organs
by which we are enabled te multiply and continue the fpe-
cies. The circulation of the blood, and the mode by
which the quantity of it is continually kept up by freth
fupplies of chyle, are effeCts which, in fome meafure, cor-
refpond with our ideas of the machinery employed. The
organs of generation exhibit a ftill more complex fpecimen
of exquifite mechanifm. Bat, the machinery employed,
without the aid of experience, could never fuggeft the
molt diftant idea of the effect to be produced.

In the male, the organs of generation confift of the
teftes, the feminal veflels, and the penis. The teftes are
two glandular bodies which poffefs the power of convert-
ing the blood into femen. They are originally formed
and lodged in the abdomen ; and it is not till after birth,
that they commonly pafs into the groin, and from thence
fall into the fcrotum, which is a mufcular bag prepared
for their reception and defence. The teftes of the hedge-

' ' hog,

* The la@eals and !ymphatics, properly fpcaking, conflitute the fame gre::
fyflem of veffels,
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2, and of fome other quadrupeds, remain in the abdo-
men during life. Initances of the fame kind fometimes
happen in the human fpecies. Each tefticle is compofed
of the {permatic artery and vein. The blood pafles very
flowly. through the {permatic artery, and produces an 1n+
fmite number of convolutions in the fubftance of the tef-
ticle, where it depofits the femen, which is taken up by
the femeniferous tubes.  Thefe tubes at length unite, and,
by an immenfe number of circumvolutions, form a kind
oz appendix to the tefticle, commonly known by the term
epidydymis. The tubes of the epidydymis, after terminat-
ing in an excretory duét called vas deferens, afcend toward
the abdominal rings, and depolfit the femen in the femi-
nal veficles, which are two foft convoluted bodies fituated
between the rectum and bladder, and unite at their lower
extremity : I'rom thefe refervoirs the femen is occafion-
ally dilcharged through the fhort canals which open into
the urethra. The penis is a cavernous and {pungy fub-
{tumce, perforated longitudinally by a canal called the
urcthra, which, by communicating with the bladder and
feminal veflels, aniwers the double purpofe of ditcharging
both the urine and femen.

With regard to the female organs, the uterus and its
appendages merit a principal attention. - The uterus is a
hollow mufcular body, fituated between the re¢tum and
bladder, and, when not in an impregnated f{tate, refem-
bles a pear, with the thickeft end turned toward the
abdomen. The entrance into the cavity of the uterus
forms a fimall protuberance, which has been compared to
the mouth of a tench, and from this circumflance it has
received the name of o5 zince. 'The uterus is connetted to
the fides of the pelvis by two broad ligaments, which fup-
port it in the vagina in a pendulous fituation, From each
fide of the bottom of the uturus the two Fallopian tubes
arife, pals through the fubltance of the uterus, and ex-
tend along the broad ligaments till they reach the edge of
the pelvis ; from whence they are refleéted backward, and
turning over behind the ligaments, their extremities hang
loofe in the pelvis.  Thefe extremities, becaufe they have

a ragged
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aragged appearance, are called fimbrie, ox morfus diaboli :
Each Fallopian tube is about three inches long. Their
cavities are at firft very fmall, but become gradually lar-
ger, like a trumpet, as they approachi the fimbriz. Near
the fimbriz of each tube, about aninch from the uterus,
are fituated the ovaria, or two oval bodies, about half the
fize of the male tefticle. They are covered with'a pro-
duétion of the peritoneum, and hang loofe in the pelvis.
In their fubftance there are feveral minute veficles filled
with lymph. The number of thele veficles feldom ex-
ceeds twelve in each ovarium. In mature females, thefe
veficles become exceedingly turgid ; and a yellow coagu-
lum gradually forms in one of them, which increafes till
its coat difappears. It then changes into a hemifpherical
body called corpus luteum, which is defcribed as being hol-
low and containing within its cavity very minute eggs,
each of which, it is fuppofed, may be impregnated, and
produce a foetus. ~ After impregnation, one of thefe eggs,
as we are informed by anatomilts, is abforbed by and
pafles through the Fallopian tube into the uterus, where
it is' nourifhed till mature for birth. :
We fhall conclude this {fubject with a concife acccunt of
the inftruments of fenfation.  The organs hitherto de-
feribed convey nothing more than the idea of au. aute-
maton, or {elft-moving machine. But fenfation, or the
+ perception of pleafure and pain, is effetted by organs of
a peculiar kind. Thefe organs are all comprehended un-
der the general appellations of the érain and nerves.
Befide the bones of the cranium, the brain is inveited
with ltwo' membranes, called dura and pia matcr, becaule
they were fuppofed by the Arabians to be the fource of
all the other membranes of the body. Under the deno-
mination of brain are comprehended three diftinét  parts,
the cercbrum, the cercbellum, and medulla cblongata. 'The
cerebrum is a foft medullary mafs, fituated in the anterior
part of the fkull, and divided, by a portion of ‘the dura
mater, into two hemifpheres. It confifts of two fubflan-
ces, the cortical, which is'greyith, and the medullary,
which is foftery ‘and of a very white colour. 'The core-
belluny is-divided into two lobes, and its fubftance is firmer

1
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and more compat than that of the cerebrum. Itis like-
wife compofed of the cortical and medullary fubftances.
The reunion of the medullary fubftances of the cerebrum
and cerebellum, at the balis of the fkull, forms the me-
dulla oblongata, of which the fpinal marrow is a continu-
ation. The brain of the human fpecies is proportionally

much larger than that of quadrupeds. ‘
The brain and {pinal marrow are fuppofed to be the
origin of all the nerves or inftruments of fenfation. The
nerves are, in general, cineritious, thining, inelaftic cords.
But, they differ from each other in fize, colour, and con-
fiftence. From numberlefs experiments and obfervations,
it is unqueftionable, that the nerves are the inftruments
both of fenfation and of animal motion. But, how thefe
effects are produced by the nervous influence, is a dil-
covery flill to be made. The inquiry, however, has
iven rife to feveral ingenious conjeftures and hypothe-
es. Some phyfiologiits have maintained, that the nerves
are folid cords, which may be divided into an infinite
number of minute filaments ; and that, by the vibrations
of thefe cords, the various impreflions and modifications
of feeling are conveyed to the brain. Others, with more
plaufibility, have fuppofed that the nerves are affemblages
of fmall tubes ; that a fubtile fluid, fometimes called ani-
mal fpirits, is fecreted in the brain and fpinal marrow ;
and that by the influence or motions of this fluid all the
fenfations of animals are tranfmitted to the fenforium, or
general repofitory of ideas. But, it is needlefs to dwell
upon a fubject covered with darknefs, and which all the.
cfforts of human powers will probably never bring to light,

Anatomifts have defcribed forty pair of nerves. Te

of them proceed from the medulla oblongata of the brain,
and thirty from the fpinal marrow. Thefe nerves, by
fending off innumerable ramifications, are diftributed;
like a net-work, over every part of the body, till they.
terminate, in the form of minute papilla, upon the fkin,
That the nerves are the immediate inftruments of fen-
fation, as well as of mufcular motion, has been proved
by a thoufand uncontrovertible experiments. When the
trunk of the, {ciatic nerve is cut, the thigh and leg on
b that
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that fide inftantly lofe all motion, and all fenfe of pain,
below the incifion, and neither time nor art can ever re-
ftore the power of feeling or of moving. But the parts
between the incifion and the fpinal marrow, which is a
continuation of the brain, retain their ufual degrees both
of motion and of fenfation. From this experiment, it
is evident, that the nerves are the organs by which fenfa-
tion and motion are effeCted, and that, for thefe import-
ant purpofes, an uninterrupted connetion between any
particular nerve and the brain, or fpinal marrow, is in-
difpenfible.

This fketch of the human fabrick requires an apology
to anatomical readers, who muft be fenfible of its many
imperfettions. To perfons who have not ftudied that
curious and ufeful fcience, T imagined a general view of
the ftructure of man, if properly compofed, might enable
them to acquire more diftint ideas of the many feeming
deviations from the common plan obferved by Nature in
the formation of the inferior and more imperfe&t animals.

OF THE STRUCTURE OF QUADRUPEDS.

HAVING delineated the ftrutture and organs of the
human fpecies, it is worthy of remark, that the intelle&,
or fagacity, of inferior animals augments or diminifhes in
proportion as the formation of their bodies approaches to,
or recedes from, that of man. Quadrupeds, accordingly,
are more intelligent than birds ; the fagacity of birds ex-
ceeds that of fifhes ; and the dexterity and cunning of
fithes are fuperior to thofe "of moft of the infect tribes.
The fame gradation of mental powers is exhibited in dif-
ferent fpecies of the fame clafles of animals. The form
of the orang outang makes the neareft approach to the
human ; and the arts he employs for his defence, the ac-
tions he performs, and the fagacity he difcovers, are fo
aftonithing, that fome philofophers have confidered him
as a real human being in the moft debafed ftage of focie-
ty. Next to the orang outang, the organs of the difﬂ'ergxt

pecies
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fpecies of'apcs and ‘monkeys have the greateflt refem-
blance to'thofe of man; and their, powers of imitaticn,
their addrefs in procuring their food, and in mnn;\gixfg
théir young, their ingenuity, and their fagacious man-
fiers, have contributed to the amuftment, and excited
the admiration, of mankind in all ages and nations. The
fame relation between form’and intelleét may be traced
in' the dog, the cat, the fow, the horfe, the fheep, and the
other fpecies of quadrupeds. i -
With regard to the general ftrocture and figure of qa-’
dropeds, a great variety is exhibited in the different kinds.
But, when examined in detail, it is apparent that they,
as well as man, arc all formed upon one primitive and
gencral defign.  Befide the organs of fenfation, of circu-
lation, of digeftion, and of generation, without which
moft animals could neither fubfit nor multiply, there is,
even among thole parts that chiefly contribute to variety
in external form, fuch a wonderful refemblance as necef-
farily conveys the idea of an original plan upon which
the whole has been executed. For example, when the
parts conitituting a horfe are compared with the human
irame, inftead of being ftruck with their difference, we
are aftonithed at their fingular and almoft perfect refem-
blance. Take the fkeleton of a man, fays Buffon, incline”
the bones of the pelvis ;- fhorten thofe of the thighs, legs,
and arms ; join the phalanges of the fingers and toes ;
lenathen the jaws by fhortening the frontal bones ; and,’
laftly, extend the fpine of the back. This fkeleton would
no longer reprefent that of a man : It would be the fkele= |
ton of a horfe. For, by lengthening the back-bone‘and
the jaws, the number of the vertebre, ribs, and teeth,’
weuld be increafed ; and if is only by the number of
thele bones, and by the prolongation, contraétion; and
junétion of others, that the fkeleton of a horfe differs from
that of a man.  The ribs, which are effential to the figure
of animals, are found equally in man, in quadrupeds, in
birds, in fithes, and even in the turtle. The foot of the'
horfe, fo apparently different from the hand of a man, is°
compoied-of fimilar bones ; and, at the extremity of each
finger, we have the fame fmall bone, refembling the fhoe
i ‘ of
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of a horfe, which bounds the foot of that animal. Raife
the fkeletons of quadrupeds, from the ape-kind to the
moufe, upon their hind-legs, and compare them with the
fkeleton of a man, the mind will be inftantly ftruck with
the uniformity of ftructure and defign obferved in the
formation of the whole group. This uniformity is fo
conftant, and the gradations from one fpecies to another
are fo imperceptible, that to difcover the marks of their
difcrimination requires the moft minute attention. Even
the bones of the tail will make but a flight impreffion on
the obferver. The tail is only a prolongation of the os coccy-
gis,or rump-bone, which is fhort in man. The orang-outang,
and true apes *, have no tail; and, in the baboons; and feve-
ral other quadrupeds, the tail is exceedingly fhort. Thus,
in the creation of animals, the Supreme Being feems to
have employed only one great idea, and, at the fame
time, to have diverfified it in every poflible manner, that
men might have an opportunity of admiring equally the
magnificence of the execution and the fimplicity of the
defign.

In quadrupeds, as well as in man, the bones are con-
nected by articulations and membranes ; and the different
movements of thefe bones are performed by the operation
of mulcles. The number, difpofition, and form of the
mufcles, with a few exceptions arifing from the figure and
deftination of parts peculiar to particular animals, are
nearly the fame in men and in quadrupeds. The circu-
lation of their blood, the fecretion of their fluids, and
the procefs of digeftion, are carried on by organs per-
fetly fimilar to thofe of the human body.. In the exter-
nal covering, a fmall difference takes place.  Quadrupeds
are furnithed with a thick covering of hair, or wool, to
defend them from the injuries of the weather. ' Being
deftitute of art fufficient to make garments, Nature has
fupplied that defeét, by giving them a coat of hair, which
varies in thicknefs according to the feafon of the year, and
the difference of climate. In Ruffia, Lapland, Kamtf-.
chatka, and all the northern regions, the furs of animals,
are very thick and warm. But, in. Turkey, Africa, and

H the
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the fouthern parts of Afia and America, moft quadrupeds
are thinly clad, and fome of them, as the Turkifh dog
are totally deftitute of hair. -

The fkin of quadrupeds is difpofed nearly in the fame
manner as the human, only it is more elaftic. Immedi-
ately under the fkin, there is a thin mufcular fubftance,
called panniculus carrofics, which is common to all qua-
drupeds, except the hog and armadillo* kinds. This
fubftance, which is peculiar to quadrupeds, chiefly covers
the trunk, and, by fuddenly fhaking and fhrivelling the
{kin, enables thefe animals to drive off infets; or other
offenfive bodies.

The fubftance of the nerves, or organs of fenfation, is
the fame in the quadruped and in man. They originate
from the brain and fpinal marrow, and are diftributed
over all the internal and external parts of the body, in the
fame manner as in the human frame.

Thus, it appears, that, in general {tru&ure and organi-
zation, the brute creation is nearly allied to the human
fpecies. Some differences, however, merit attention ;
becaufe a flight variation in ftruéture; efpecially of the
internal organs, is often accompanied with great diver-
fities in difpofitions, food, and manners.

Some animals feed upon flefh, others upon vegetables,
and others upon a mixture of both. The difpofitions of
fome fpecies are fierce ; and their manners convey to us
the ideas of cruelty and of barbarifm: The difpofitions
and manners of other fpecies are foft and placid, and ex-
cite in us ideas of mildnefs, complacency, and innocence.
The ferocity of the tyger and hyana forms a perfet con-
traft to the gentlenefs and inoffenfive behaviour of the
fheep and the ox. This oppofition of manners has given
rife to the diftinction of animals into rapacious and mild,
carnivorous and herbivorous. In the ftru&ure of thefe
animals, whofe charaéters are fo oppofite, fome differen-
ces have been difcovered, which indicate the intentions
of Nature in forming them, and fally juftify the feeming
cruelty of their conduét.

In all the carnivorousstribes, the ftomach is proportion:

' ally
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ally fmaller, and the inteftines fhorter, than in thofe ani-
mals which feed upon vegetables. As animals of the
former kind live folely on fleth, the fhortnefs and narrow-
nefs of their inteftines are accommodated to the nature
of their food. Animal food is more eafily reduced to
chyle, and becomes fooner putrid, than vegetable. Of
courfe, if its juices were allowed to remain long in the
inteftines, initead of nourifhing the body, they would
produce the moft fatal diftempers. Befide this accom-
modation of the inteftines to the nature of their foed,
carnivorous animals are furnifhed with the neceffary in-
ftruments for feizing and devouring their prey. Their
heads are roundifh, their jaws ftrong, and their tufks very
long, and fharp. Some of them, as the lioa, the tyger,
and the whole cat-kind, are provided with long retractile
claws. Thus, both the internal and external {tru&ure of
this clafs of animals indicate their deftination and man;
ners. The rapid digeftion of their food is a confequence
of the ftrength and fhortnefs of their intefltines; and the
intolerable cravings of their appetite neceflarily create a
fiercenefs and rapacity of difpofition. Nothing lefs than
blood can fatiate them. 'Their cruelty, and the devafta-
tion they make among the weaker and more timid tribes,
are effects ‘refulting {olely from the feructure and organs
with which Nature has thought proper to endow them.
Hence, if there be any thing reprehenfible in the man-
ners and difpofitions of the carnivorous animals, Nature
alone is to blame ; for all their actions are determined by
the irrefiltible impulfes of their organization. But, even
in this feemingly-cruel arrangement, Nature muft not be
rathly accufed.  When we come to treat of the holftilities
of animals, I hope to be able to fhow, that Nature, in
the formation of rapacious creatures, has a&ted with her
ufual wifdom, and that beings of this kind have their ufes
in the general fyftem and ceconomy of the univerfe.

As to the herbivorous tribes, or thofe animals which
feed upon grain and herbage, a flight variation of organs
produces the greateft effects upon their difpofition and
manners. - The inteftines of this tribe are very long, capa-
cious, and convoluted. Vegetable food, efpecially herbage,

contains
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contains a fmaller quantity of nutritive matter than the
fleth of animals ; neither is it fo eafily reduced to chyle.
A larger quantity, therefore, as well as a longer detention
in the ftomach and inteftines, is neceffary for the nourifh=
ment of thefe creatures. Several quadrupeds comprehend-
ed under this order ruminate, or chew the cud. Thefe
are furnithed with no lefs than four ftomachs. The food,’
after maftication, is thrown into the firft fltomach, where
it remains fome time ; after which, the animal forces it
up again into the mouth, and gives it a fecond chewing:
It is then fent direétly into the fecond ftomach, and gra-
dually paffes into the third and fourth; and, laftly, it is
tranfmitted through the convolutions of the inteftines,
and the dregs, or faces, are thrown out of the body. By
this machinery, herbivorous animals are enabled to de-
vour large quantities of vegetable aliment, to retain it
long in their bowels, and confequently to extraét from it
nutritive matter fufficient for their growth, fupport, and
multiplication. Here the quantity compenfates the qua-
lity of the nutriment. '

It is true, that the horfe, the afs, the hare, and fome
other animals which live upon herbage and grain, have
only one ftomach. But, though the horfe and afs have
one ftomach only, their inteftines are furnifhed with facs
or pouches fo large, ‘that they may be compared to the
paunch of ruminating animals ; and hares, rabbits, the
Guiney-pig, &c. have blind guts fo long and capacious,
that they are equivalent to a fecond ftomach. The hedge-
hog, the wild boar, the fquirrel, &c. whofe ftomach and
inteftines are of a mean capacity, eat little herbage, but
live chiefly upon feeds, fruits, and roots, which contain,
in fmall bounds, a greater quantity of nutritive matter
than the leavés or ftems'of plants.” '

The external form of herbivorous animals, like that of
the rapacious, is accommodated to their difpofitiens and
the ceconomy they are obliged'to obferve. " 'That they
might be enabled to reach the furface of the earth with
eale, the legs of the largerkinds are proportionally fhort ;
their head and neck long ; and the mufeles and tendons
of the neck are endowed ‘with prodigious ftrength: ‘With-

« out
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out thefe peculiarities of ftructure, they could not fupport
the prone pofture of the head in the tedious operation of
browfing large quantities of herbage. The arrangement
and form of their teeth likewife indicate the deftination of
the ruminating tribes. = They have no cutting teeth in the
upper jaw ; and they are totally deprived of tufks, or ca-
nine teeth. This laft circumitance, joined to their want
of claws, fhews that they are not intended to prey upon
other animals. Horns are the only weapons of defence
with which they are provided. From the nature of their
food, therefore, and the internal and external configura-
tion of their bodies, it is evident, that animals of this
defcription muft ‘be humble in their deportment, and mild
in their difpofition. This order of animals, accordingly,
have uniformly been celebrated for gentlene(s of manners,
fubmiffion, and timidity. Man has availed himfelf of
thofe difpofitions, by reducing almoft the whole of this
tribe to a domeftic ftate. But, in all this gracioufnefs of
afpet and tra&ability of temper, the animals themfelves
have no merit. Their motions and aétions are neceffary
refults of the organs which Nature has beftowed on them.
It is obvious, therefore, that the diverfity of taftes and
difpofitions exhibited by different animals, arifes not {olely
from any fuperior agreeablenefs of particular kinds of
food to their palates, or to a particular bias of their minds
to benevolence and peace, but from a phyfical caufe de-
pending on the ftructure of their bodies.

From what has been advanced, it follows, that man,
whofe ftomach and inteftines are proportionally of no
great capacity, could not live upon herbage alone. It is
an inconteftible fa&, however, that he can live tolerably
well upon bread, herbs, and the fruits, roots, and feeds of
plants ; for we know whole nations, as well as particular
orders of men, who are prohibited by their religion from
eating any animal fubftance. But, thefe examples are not
fufficient to convince us, that the health, vigour, and
multiplication of mankind would be improved by feeding
folely upon pot-herbs and bread. . Befides, his {tomach
and inteftines are of a mean capacity between thofe of
the carnivorous and herbivorous animals, From this

circum-
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airenmitanee alone we are warranted to conclude, that
Nature intended him to feed partly on animal and partly
on vegetable, fubftances : And daily experience teaches us,
that men fed in this manner are larger, ftronger, and more
prolific, than thofe who are confined to a vegetable diet.
If man had na other fources of fuperiority over the other
animals than thofe which originate from the ftruéure of
his body, his difpofitions ought to be a medium between
thole of the carnivarous and herbivorous tribes. When
confidered merely as an animal, this appears to be really
th: cafe. - Vulgar and uninformed men, when pampered
with a variety of animal food, are much more choleric,
fieree and cruel in their tempers than thefe who live chiefly
on vegetables. Animal food heats the blood, and makes
it circulate with rapidity. In this fituation, every objeék
capable of exciting appetite or paflion operates with re-
doubled force. The weak mind yields to the impulfe,
and gives vent to every fpecies of outrage which can de-

bafe human nature, ‘
In the formation of his body, man has fome advant-
ages over particular apimals. But, thefe advantages are
inconfiderable, and none of them, perhaps, are peculiar
to the fpecies. The ftructure of all animals is nicely ad-
jufted to their deftination, and the ftation they occupy in
the general fcale of being. The body of man is ereé,
and his attitude is faid to be that of command. His ma-
jeftic deportment, and the firmnefs of his movements, an-
nounce the fuperiority of his rank. His' arms are not
mere pillars for the fupport of his body. His hands tread
not theearth ; neither do they lofe, by friction and pref-
fure, that exquifite delicacy of feeling for which Nature
had originally intended them, His arms and hands, on
the contrary, are formed for purpofes of a more noble
kind. They are deftined for executing the commands of
hiswill, for laying Bold of bodies, for removing obfta-
cles, for defending himx frominjuries, and for feizing and
retaining objeéts of pleafure. The features of this picture
are exalt delineations ; but they are not the exclufive pri-
vilege of man. The orang-outang walks ere®, and he
derives equal advantages from his hands and arms as the
human
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human fpecies. “Some apes have likewife the power of
walking ere&; with the additional faculty of employing
their hands and arms as legs. They can walk, run, or
leap, by the inftrumentality either of two or of four ex-
tremities, as their fituation of neceflities may reqaire. Tt
is not, therefore, the fabrick of man’s body that entitles
him to claim a fuperiority over the other animals. The
formation of their bodies is adjufted with equal fymmetry
and perfection to the rank they hold in the general fyftem
of animation. Many of them excel us in magnitude,
{trength, fwiftnefs, and dexterity in particular movements.
Their fenfes are often more acute ; they feize their prey,
or procure herbage, fruits, and feeds of trees, with more
facility than man, when limited to the powers of his ani-
mal nature. Hence the great fource of man’s fuperiority
over the brute creation muft be derived from his mental
faculties alone. Brutes enjoy the fame inftin@s, the fame
appetites, and the fame propenfities, as appear in the con-
ftitution of the human mind. But, the inftins of brutes,
though they are exerted with great certainty and precifion,
are much circumfcribed with regard to extenfion and im-
provement. Like man, they derive advantages from ex-
perience. But, the conclufions they draw from this fource
are always feeble, and extremely limited. Neither do they
poflefs the ineftimable faculty of tranfmitting the know-
ledge acquired by individuals from generation to genera-
tion. By means of their fenfes, they learn to diftinguith
their enemies, or hurtful objedts, at a diftance 5 and 'they
know how to avoid them. Experience teaches them fo
difcriminate objeéts ‘of pleafure from thofe of pain ; and
they act according to the feelings excited by thefe objeéts.
Some animals can even accommodate their inftinéts to
particular circumftances and fituations. The feelings of
brutes are often more exquifite than ours. They have
fenfations ; but their faculty of comparing them, or of
forming ideas, is much cireumfcribed. A dog ora mon-
key can imitate fome human actions, and are capable of
receiving a certain degree of inftruction. But, their pro-
grefs foon ftops : Nature has fixed the boundaries of meii.
tal, as well as of corporesl, powers ; and thefe boundaries

ayre
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are as various as the number of diftin& fpecies. Our

wonder is equally excited by the fagacity of fome ani-

mals, and by the ftupidity of others. This gradation of

mental faculties originates from the number or paucity of

inftin®s beltowed on particular fpecies, joined to the
greater or fmaller power of extending or modifying thefe

inftinéts by experience and obfervation. Man is endow-

ed with a greater number of inftinéts than any other ani-

mal. The fuperiority of his rank, however, does not

proceed from this fource alone. Man enjoys beyond

every other animal the faculty of extending, improving,

and modifying the different initinéts he has received from .
Nature. It is this faculty which enables him to compare
his feclings, to form ideas, and to reafon concerning
both. The bee makes cells, and the beaver conftruéts
habitations of clay. The order of their architetture,
however, is invariably the fame. Man likewife builds
houfes : But, he is not forced, by an irrefiftible inftinét,
to work always on the fame plan. His habitations, on
the contrary, vary with the fancy of the individuals who
defign and conftruét them.

Upon the whole, the dignity of man’s rank depends
not upon the ftructure of his organs. It is from the
powers of his intellect alone that he is entitled to claim a
fuperiority over the brute creation. Thefe powers enable
him to form ideas, to abftraét, to reafon, to invent, and
to reach all the heights of fcience and of art.

The remarks formerly made are applicable to quadru-
peds in general. But, before concluding this branch of
the fubject, we fhall point out a few peculiarities in the
ftruture of particular fpecies.

Befide the four ftomachs common to ruminating ani-
mals, the camel and dromedary have a fifth bag, which
ferves them as a refervoir for holding water. This bag
is capable of containing a very large quantity of that ne-
ceflary element. 'When the camel is thirfty, and has oc-
cafion to macerate his dry food in the operation of rumi-
nating, by a fimple contrattion of certain mufcles, he
makes part of this water afcend into his {tomach, or even
as high as the gullet. This fingular conftruction enables

him
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him to travel fix, eight, or even twelve days in the fandy
defarts, without drinking, and to take at once a prodigi-
ous quantity of water, which remains in the refervoir
pure and limpid ; becaufe neither the humours of the
body, nor the juices that promote digeftion, can have ac-
cefs to it. Befide this fingularity of {tructure, the camel
has two large flethy bunches on his back, and the dro-
medary, or fwift camel, one bunch ; and the feet of both
are covered with a very tough, but flexible, fubftance.
The conformation of thefe animals enables them to tra-
vel with heavy loads through the fandy defarts of the
Eaft, where the horfe or the afs would inevitably perith ;
becaufe Nature has not provided them with refervoirs for
holding and preferving water, which are indifpenfible
in countries where none of that element can be pro-
cured but in particular places, that are often diftant
many days journey from each other. When we con-
fider the ftrutture of the camel and dromedary, we
cannot be deceived with regard to their deftination.
The four ftomachs indicate a vegetable diet, and the fame
docility and gentlenefs of manners which charaterife the
whole ruminating tribes. From the addition of a fifth
bag, or refervoir for the reception and prefervation of
water, we fhould expe& to find fome peculiarity of dif-
pofition. In this conjefture we are not deceived. Of
all animals which man has fubjugated, the camel and
dromedary are the moft abje&t flaves. With incredible
patience and fubmiffion they traverfe the burning fands
of Africaand Arabia, carrying burdens of amazing weight.
Inftead of difcovering fymptoms of relu&tance, they fpon-
taneoufly lie down on their knees till their mafter binds
the unmerciful load. Arabia and fome parts of Africa,
are the drieft and moft barren countries in the world.
Both the conftitution and ftruéture of camels are nicely
adapted to the foil and climate in which they are produc-
ed. The Arabians confider the camel as'a gift {fent from
heaven, a facred animal, without whofe affiftance they
could neither {ubfift, traffick, nor travel. The milk of the
camel is their common food. They alfo eat its fleth;
and of its hair they make garments, In pofleflion

of
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feflion of their camels, the Arabs want nothing, and have
nothing to fear. - In one day they can perform a journey
of fifty leagues into the defart, which cuts off every ap=
proach from their enemies. All the armies in the world
would perifh in purfuit of a troop of Arabs. An Arab,
by the affiftance of his camel, furmounts all the difficul-
ties of a country which is neither covered with verdure,
nor fupplied with water. Notwithitanding the vigilance
of his neighbours, and the fuperiority of their {trength,
he eludes their purfuit, and carries ofl, with impunity,
all that he ravages from them. When about to under-
take a depredatory expedition, an Arab makes his camels
carry both his and their own provifions. When he reach-
es the confines of the defart, he robs the firft pafiengers
who come in his way, pillages the folitary houfes, loads
his camels with the booty, and, if purfued, he accelerates
his retreat.  On thefe occafions he difplays his own ta-
lents, as well as thofe of the camels. He mounts one of
the fleeteft, conduéls the troop, and obliges them to tra-
vel day and night, without almoft either ftopping, eat-
ing, or drinking ; and, in this manner, he often . per-

forms a journey of 300 leagues in eight days., s
Another order of quadrupeds deferves our notice. Thofe
which have been diftinguifhed by the appellation of am-
phibious, are capable of remaining a long time under
water.  They live chiefly upon fithes, and, without this
faculty of continuing a confiderable time under water,
they would be unable to procure their food. To this tribe
belong thefeal *, the walrust, the manatif, the fea-lion||,
&c. The feal and walrus are more*nearly allied to .land-
quadrupeds than to the cetaceous animals; becaufe they
have four diftinét legs, though nothing but the feet. pro-
ject beyond the fkin. The toes of the feet are all con-
mnected by membranes; which enable thefe animals to
fwim in quelt of their prey.  They differ from terreftrial
quadrupeds by the fingular faculty of living with equal
eafe either in air or in water.. This: peculiarity. of ceco-
“nomy and manners prefuppofes the neceflity of fome de-
b, ‘ l ;viation

¥ The genus Phoca of Linn=ns, +Trichecus Rofmars, - '
* Trichecas Manatus. [ Phoca Leomina.
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viation from the general ftructure of -quadrupeds; and
Nature has accomplithed this purpofe by a very fimple
artifice.

In man, and in-all land-quadrupeds, the lungs of the
foetus have no motion, and receive no more blood than
is requifite for their growth and nourithment. But, im-
mediately after birth, the young animals refpire, and the
whole mafs of blood circulates through their lungs. To
carry on the circulation in the feetus-ftate, another pai-
fage was neceffary. The blood in the right auricle of
the heart, inftead of pafling into the pulmonary artery,
and, after circulating through the lungs, returning into
the left auricle by the pulmonary vein, paffes direttiy
from the right to the left auricle through an aperture
called the foramen ovale, which is fituated in the partition
of the heart that feparates the cavities of the two auri-
cles. By this contrivance, the mafs of blood, without
deviating into the lungs, enters the aorta, and is diftri-
buted over every part of the body. In man, and the
other terreftrial animals, the foramen ovale of the heart,
which permits the feetus to live without refpiration, clofes
the moment after birth, and remains fhut during life.
‘Animals of this conftruftion can neither live without air,
nor remain long under water, without being fuffocated.

But, in the feal, walrus, and other amphibious animals,
the foramen ovale continues open during life, though the
mothers bring forth on land, and refpiration commences
‘immediately after birth. By medns of this perpetual
aperture in the feptum, or partition, of the heart, which
allows a dire& communication of the blood from the
vena cava to the aorta, thefe animals enjoy the privilege
of refpiring, or not, at their pleafure. -

This fingularity in the ftruéture of the heart, and the
confequent capacity of living equally on land and in
water, muft neceflarily produce fome peculiarities in the
manners and difpofitions of amphibious animals. The
feal, ‘accordingly, whofe hiftory is beft known, may be
confidered as holding the empire of the filent ocean. To
this dignity he is entitled by his voice, his figure, and
his intelligence, which render him fo fuperior to the

fithes,
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fithes, that they feem to belong to another order of be-
ings. Though his ceconomy be very different from that
of our domeliic animals, he is fulceptible of a fpecies of
education. He is reared by putting him frequently in
water. Heis taught to give a falute with his head and his
voice. He approaches when called upon. His fenfes are
equally acute as thofe of any quadruped; and, of courfe,
his fenfations and intelle& are equally a&ive. Both are
exhibited in the gentlenefs of his manners, his focial difs
pofition, his affettion for the female, his anxious attention
to his offspring, and the expreflive modulation of his
voice. Befides, he enjoys advantages which are peculiar
to him. He is neither afraid of cold nor of heat. He
lives indifferently on herbs, fleth, or fith. He inhabits,
without inconvenience, water, land, or ice. When afs
fiftance is neceflary, the feals underftand and mutually
aflilt one another. The young diftinguifh their mother
inthe midft of a numerous troop. They know her voice;
and, when fhe calls, they never fail to obey.

Before difmiffing this branch of the fubject, the ele-
phant muft not be paffed over in filence. His firucture-is
uncommon, and fo are his talents. The elephant is the
largeft and moft magnificent animal that at prefent treads
the earth.” Though he daily devours great quantities of
herbage, leaves, and branches of trees, he has but one fto-
mach, and does not ruminate. This want, however; is fup-
plied by the magnitude and length of his inteftines,and par-
ticularly of the colon, which is two or three feet in dia-
meter by fifieen or twenty in length.' In proportion to
the fize of the elephant, his eyes are very fmall;; but they
are lively, brilliant, and capable of a pathetic expreffion
of fentiment.  He turns them flowly, and with mildnefs,
toward his mafter. When he fpeaks, the animal regards
him with an eve of friendfhip and attention. = He' feems
to refle& with deliberation, and never determines until he
‘has examined, without paffion or precipitation, the orders
which he is defired to obey. The dog, - whofe eyes are
very expreflive, is too prompt and vivaciousito 'aliow us
to diftinguith with eafe the fucceffive fhades of his fenfa-
tions. » But; as the elephant is naturally grave and mode-

rate,
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rate, we perceive in his eyes the order and fucceflion of
his thoughts. = His ears are very large, and much longer,
even in:proportion to.his body, than thofe of the afs.
They lie flat on the head, and are commonly pendulous ;
but he can raife and move them with fuch facility, that
he ufes them as a fan to cool himfelf, and to defend his
eyes from duft and infeéts. His ear is likewife remarka-
bly fine ; for he delights in the found of mufical inftru-
ments, and moves in cadence to the trumpet, and tabour.
“-But, in the ftruéture of the elephant, the moft fingular
organ is his trunk, or probofcis. It is compofed of mem-
branes, nerves, and mufcles; and it is at once an inftru-
ment of feeling and of motion. The animal ¢an not only
move and bend the trunk, but he can contra&, lengthen,
and turn it on all fides. The extremity of the trunk ter-
minates in a protuberance that ftretches out on the upper
fide in the form of a finger; by means of which he lifts from
the ground the fmalleft pieces of money ; he feleéts herbs,
and flowers, and picks them up one by one; he unties the
knots of ropes, opens and fhuts gates by turning the keys,
or puthing back the bolts. In the middle of this protu-
berance or finger, there is a cavity in the form of a cup,
and, in the bottom of the cup are the apertures of the
two organs of fmelling and refpiration. This hand of
the elephant poffefles {feveral advantages over that of the
human. It is more flexible, and equally dexterous in lay-
ing hold of objefs. Befides, he has his nofe in his hand,
and is enabled to combine the power of his lungs with the
action of his finger, and to attraét fluids by a ftrong fuc-
tion, or to raife heavy bedies by applying to them the
edge of his trunk, and making a vacuum within by a vi-
gorous infpiration. -Hence, delicacy of feeling, acute- -
nefs of fmelling, facility of movement, and the power of
fuction, dre united at the extremity of the clephant’s trunk.
Of 1all the inftruments which Nature has beftowed on her
moft favourite produétions, the trunk of the elephant feems
to be the moft complete, as well as the moft admirable. It
is not only an organic inftrument, but a triple fenfe, whofe
united funétions exhibit the effects of that wonderful fa-
gacity which exalts the elephant above all other quadru-
peds.
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peds. Heisnot fo fubject, as fome other animals, to
errors of vifion; becaufe he quickly rectifies them by
the fenfe of touch; and, by ufing his trunk as a long
arm, for the purpofe of touching remote objetts, he ac-
quires, like man, clear ideas of diftances. But, other
animals, except fuch as have a kind of arms and hands,
can only acquire ideas of diftances by traverfing fpace
with their bodies. Delicacy of feeling, the flexibility of
the trunk, the power of fution, the fenfe of fmeliing,
and the length of the arm, convey ideas of the fubftance
of bodies, of their external form, of their weight, of
their falutary or noxious qualities, and of their diftances.
Thus, by the fame organs, and by a fimultaneous aét,
the elephant feels, perceives, and judges of, feveral things
at one time. It is by virtue of this combination of fen-
fes and faculties in the trunk that the elephant is enabled
to perform fo many wonderful actions, notwithftanding
the enormity of his mafs, and the difproportions of his
form. The thicknefs and rigidity of his body ; the fhort-
nefs and ftiffnefs of his neck ; the fmallnefs of his head;
the largenefs of his ears, nofe, and tufks; the minute-
nefs of his eyes, mouth, genitals, and tail ; his ftraight,
clumfey, and almolt inflexible limbs ; the fhortnefs and
fmalinefs of his feet; the thicknefs and callofity of his
fkin ; all thefe deformities are the more obvious and difa-
greeable, becaufe they are modelled on a large fcale, and
imoft of them are peculiar to the elephant.

From this fingular conformation, the animal is fubjected
to many inconveniences. He moves his head with diffi-
culty, and cannot turn back without making a large
circuit. For this reafon, the hunters attack him behind, or
on the flanks, and avoid the effects of his rage by circu-
lar movements. He cannot feize any objeét on the ground
with his mouth, becaufe his neck is too {tiff to allow his
head to reach the earth. He is, therefore, obliged to lay
nold of his food, and even of his drink, with his nofe,
and then convey them to his mouth. It is likewife a con.
fequence of this ftruure, that the young elephants are
faid to fuck with their nofe, and afterwards pour the milk
into their gullet. : : : :

or
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| OF THE STRUCTURE OF BIRDS.

FROM the figure and movements of the feathered
tribes, we fhould be led to imagine that the ftruture of
their organs was extremely different from that of qua-
drupeds. Their ceconomy and manner of living required
fome variations in their frame. But thofe variations are
by no means fo many or fo great as might be expected.
Inftead of hairs, their bodies are covered with feathers,
which, befide the beautiful variety of their colours, pro-
tect this clafs of animals from the affaults of rain and cold.
They have only a couple of legs ; but Nature has furnifh-
ed them with two additional inftruments of motion, by
which they are enabled to rife from the furface of the
earth, and to fly with amazing rapidity through the air-
The wings are articulated with the breaft-bone, and
their motions are performed by mufcles of remarkable
ftrength. Many birds are continually pafling through
hedges and thickets. To defend their eyes, therefore,
from external injuries, as well as from too much light
when flying in oppofition to the rays of the fun, they
are furnithed with a membrane called membrana nictitans,
which, like a curtain, can at pleafure be drawn over the
whole eye. This covering is neither opaque nor pellucid ;
but, being fomewhat tranfparent, it allows as many rays
to enter as render any object juft vifible, and enable them
to direct their progrefs through the air. It is by the in-
{trumentality of this membrane that the eagle looks at
the fun.. The feathers of all birds are inferted. into the
{kin in fuch a manner that they naturally lie backward
from the head ; and allow the rain to run off their bodies,
and, by turning their heads in oppofition to the wind,
prevent the wind. from rumpling their feathers, and re-
tarding their flight. Befide this provifion, the rump of
birds terminates in a large gland, which fecretes an oily
fubftance, - When the feathers are too. dry, or any way
difordered, the animals fqueeze this gland with their bills,

extract
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extraét the oil, and with it they befmear and drefs the
feathers. By this means the admiffion of water is totally
prevented. Birds have no feparate ribs; but the breaft-"
bone, which is very large, joins the back-bone, and fup-
plies their place.

With regard to the external figure of birds, the form
of their bodies is nicely adapted to their manners, and the
mode of life they are deftined to purfue. By ftriking
the air with their wings, they move forward in that ele-
ment, and their tail ferves them as a rudder to direét their
courfe. Their breaft-bone, inftead of being flat, rifes
gradually from the fpine and terminates in a fharp ridge,
or keel, which enables them to cut the air with greater
facility. For the fame purpofe, the heads of birds are
proportionally fmaller than thofe of quadrupeds, and moft
of them terminate in light fharp-pointed beaks. They
are likewife deprived of external ears *, and of protube-
rant noltrils. Their tails, inftead of vertebra, mulcles,
and fkin, confift entirely of feathers. They have no pen-
dulous fcrotum, no bladder, no flethy uterus. Neither
have they an epiglottis, though many of them poflefs
great powers of modulation, and fome of them may even
be taught to articulate words. To lighten their beaks,
they are deprived of lips and teeth; and their abdomen
or belly is proportionally fmall and narrow.

From this general view of the external figure and ftruc-
ture of birds, it is apparent, that Nature has defigned
them for two diftin&t kinds of motion. They can, at
pleafure, either walk on the furface of the earth, or mount
aloft, and penetrate the airy regions with prodigious fwift-
nefs.

Some peculiarities in the internal ftruc¢ture of birds
deferve our notice.

Like quadrupeds, the feathered tribes are divided into
granivorous and carnivorous ; and their manners and dif-
pofitions correfpond with their internal and external con-
formation.

In

* Although birds are deftitute of external ears, properly fo called, yet in the
greater number of this extenfive clafs of animals the meatus auditorius, or external
erifice lcading to the cars, is furrounded by feathers which are clegantly difpo-
fed, like diverging radii, and appear to be peculiarly adapted for receiving found,
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* In the granivorous clafs, the cefophagus, or gullet, runs
down the neck, and terminates in a pretty large mem-
branous fac, called the ingluvies, or craw, where the food
is macerated, and partly diffolved by a liquor fecreted
from glands fpread over the furface of this fac. Some
birds, as the rooks and the pigeon kind, have the power
of bringing up the food from this fac into their mouths,
and feeding their young with it in a half-digefted form.
After macerating for fome time, the food paffes through
the remainder of the gullet into another fpecies of {to-
mach denominated wentriculus fuccenturiatus, which is a
continuation of the gullet. Here the food receives a far-
ther dilution. From this fecond ftomach, the food is
tran{mitted to the gizzard, or true {tomach, which confifts
of two very ftrong mulcles, covered externally with 2
tendinous fubftance, and lined with a thick, firm mem-
brane. The remarkable ftrength of the gizzard was
formerly fuppofed to affift the digeftion of granivorous
birds by attrition. But, this notion has of late been en-
tirely exploded ; for Doctor Stevens, and, after him, Spal-
lanzani, have demonftrated, by unequivocal experiments,
that digeftion is performed {olely by the diffolving powers
of the galtric juices*.  The other inteftines are propor-
tionally larger, and much longer, than thofe of the car-
nivorous birds. \

The firu€ture of the heart, in granivorous birds, 1s
nearly the fame with that of quadrupeds.

The lungs hang not loofe in the cavity of the thorax,
but are fixed to the back-bone: Neither are they divided
into lobes, as in man and other animals whofe fpines
admit of confiderable motion. They are red, fpongy bo-
dies, covered with a membrane that is pervious, and com-
municates with the large veficles, or air-bags, which are
fpread over the whole abdomen. Thefe veficles, when
diftended with air, render the bodies of birds {pecifically
light. " They likewife fupply the place of a diaphragm,
and ftrong abdominal mulcles. They produce the fame
effe@ts on the vilcera as thefe mufcles would have done,

K without

* See Stevens Differt. Med. Inaug. De Alimentorum Concoftiane, Edin. 1777,
and Spallanzani. §.
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without the inconveniency of giving an additional weight
to the body. .

Birds have no bladder of urine: But a blueifh-colour-
ed canal, or ureter, is fent off from each kidney, and
terminates in the retum. Their urine is difcharged along
with the faeces. It is a whitifh fubftance, and turns chalky
when expofed to the air.

The telticles of the male are fituated on each fide of
the back-bone, and are very large in proportion to the
fize of the animal. From the tefticles proceed two fe-
minal dudts, which at firft are ftraight, but afterwards
acquire a convoluted form, as in the epidydymus of man.
Thefe duéts terminate in the penis, of which the cock
has two, one on each fide of the common cloaca. They
are very fmall and fhort; and, from this circumftance,
they long efcaped the notice of anatomifts.

In the female, the clufter of yolks, being analogous to
the human ovaria, are attached to the back-bone by a
membrane. This membrane is very thin, and continues
down to the uterus. The yolk, after feparating from its
ftalk, pafles into a canal called the infundibulum, where
it receives a gelatinous liquor, which, with what it farther
acquires in the uterus, compofes the white of the egg.
The uterus is a large bag, fituated at the end of the in-
fundibulum, and is full of wrinkles on the infide. Here
the egg receives its laft covering, or fhell, and is pufhed
out of the vagina at an aperture placed immediately above
the anus,

From this defcription of the ftruéture of granivorous
birds, the analogy between them and the herbivorous
quadrupeds is confpicuous. In both, the number of their
{tomachs, the length and capacity of their inteftines, and
the quality of their food, are very fimilar. = But, this
analogy is not eonfined to ftruéture and organs :. Itextends
to manners and difpofitions.  Like the herbivorous qua-
drupeds, this order of birds are diftinguifhed by the gen-
tienefs and complacency of their tempers. Contented
with the feeds of plants, or fmall infeéts, the ftronger
never wage war with the weaker. Their chief attention
is occupied in procuring food, in hatching and rearing

their
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their young; and their vigilance is kept perpetually ac-
tive in eluding the fnares of men, and other rapacious ani-
mals. - The whole are a timid race, and many of them
are fo traftable that they may eafily be rendered domeftic.
Man, accordingly, ever attentive to his intereft, has not
failed to derive advantage from the innocence and ftupi-
dity of thefe animals. Of the gallinaceous and duck
kind, which are the moft prolific, and confequently the
moft profitable, he has chiefly felected the hen, the goofe,
the duck, the turkey, and the peacock. In this felection
he has. difcovered his fagacity; for, inftead of pairing,
thefe birds are polygamous, one male being fufhcient to
fertilize a number of females, which is a great {aving in
the article of food.

With regard to carnivorous birds, their general con-
formation is nearly the fame with that of the granivo-
rous kind. They have the fame number of ftomachs;
but all of them are fmaller, and weaker. Their inteftines
are alfo much fhorter. To enable them to procure food,
they are obliged to fly quickly, and continue long on the
wing. Their wings, accordingly, are proportionally long-
er, and they have more ftrength in their mufcles. For
the purpofe of feizing and devouring prey, Nature has
beftowed on them ftrong hooked bills, and long fharp
claws, or pounces. They have alfo large heads, fhort
necks, ftrong brawny thighs, and fharp-fighted eyes.

Like rapacious quadrupeds, birds of prey are capable
of enduring hunger for a great length of time. This
faculty is, perhaps, acquired partly by habit ; becaufe the
obtaining of their food is often very precarious. The
females are larger, ftronger, and more beautiful both in
fhape and plumage, than the males. TFor this reafon, the
male hawks are called rercels, or thirds, becaufe they are
fuppofed to be one third lefs than the females. Nature
feems to have beftowed this fuperiority of fize and ftrength
upon the female, becaufe fhe is obliged to procure food
both for herfelf and for her progeny.

The analogy between the ftructure of rapacious birds
and carnivorous quadrupeds is obvious. Both of them
are provided with weapons which indicate deftruction and

. rapine.
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rapine. Their manners are alfb fierce and unfocial. Fhey
never, if the vulture be excepted, herd together in flocks,
like the inoffenfive granivorous tribes. - When not on the
wing, they conceal themfelves on the top of fequeftered
rocks, or in the depths of the forelts, where they fpend
their time in fullen folitude. Thofe of them which feed
upon carrion, as the raven, have the fenfe of fmelling fo
acute, that they fcent dead carcafes at amazing diftances.

Befide thele great divifions of birds into granivorous
and rapacious, whofe manners and difpofitions perfecly
coincide with the firuture of their bodies, there are other
tribes to whom Nature has given peculiar organs. In alt
thefe deviations from the common ftructure, a fingularity
in the mode of living, and the ceconomy of the animal,
is the invariable refult.

Like the amphibious animals, a number of fowls live
chiefly in the water, and feed upon fithes and aquatic in-
fects.  To enable them to fwim and to dive in queft of
food, their toes are connelted together by broad mem-
branes, or webs. By firetching their toes, and ftriking
the water backward with thefe webs, their bodies are
moved forward, and they employ their tail as a rudder to
direct their courfe. Without thefe additional inftruments,
fowls could not {fwim; and, accordingly, fuch birds as
are not provided with webs never take to the water. But,
thofe furnithed with webs have fuch a ftrong propenfity
to water, that, when rcitrained from their favourite,ele-
ment, they difcover the greatelt uneafinefs, and, when
their liberty is reftored, they fly in a dire& courfe either
to the fea, a river, or a lake. Y '

There 1s another tribe of aquatic birds, fome of which
feed upon fithes and infeéts, and others live principally
by fucking certain juices from mud. = Both thefe kinds
frequent marfhy places, or the margins of lakes and rivers.
They do not {wim, but wade, in queft of food. This
fingularity in their manners required a correfpondent va-
riation in their form and ftruéture.  To enable them to
wade in waters and in mires, Nature has provided them
with long Jegs, naked of feathers for a confiderable fpace
above the knees. ‘Their toes are not, like thofe of the

' . fwimmers,
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fwimmers, connefted by continued membranous webs.
Moft of them have likewife very long necks and bills, to
enable them to fearch for and apprehend their food. To
thefe tribes belong the crane, the herons, the bittern, or
miredrum, the ftork, the fpoon-bill, the woodcock, the
fnipe, and many other {pecies.

Having given a general idea of the ftrutture and ceco-
nomy of birds, we fhall next make a few remarks on the
form and manners of fithes.

OF THE STRUCTURE AND ORGANS OF FISHES.

IT is one great and benevolent intention of Nature,
that no part of the univerfe thould be deprived of inhabi-
tants. The earth, the air, the waters, are full of living
beings, who are not only confcious of their exiftence, but
enjoy degrees of happinefs proportioned to their natures,
and the purpofes they are deftined to anf{wer in the gene-
ral fcale of animation. The different elements in which
they live necedarily required a variety in their form, their
food, and their manners. The inhabitants of the earth
and air have already been partially defcribed : thofe of the
waters are next to be confidered.

The bodies of moft fifhes are covered with a ftrong,
thick fkin, in which numberlefs {cales are inferted in an
imbricated form, or like tiles on the roofs of houfes.
Many of them, and particularly thofe which are fhaped
like the cod, the trout, and the haddock, have a longitu-
dinal line on each fide. In thefe lines there are a number
of fmall duéts, or apertures, which throw out a mucous
fubftance that lubricates their {kins, and feems to anfwer
the fame purpoles as the muecous glands or ducts placed in
moft of our internal organs. ;

Fifhes are deftitute of hands and feet. Their progref-
{ive motion, therefore, is performed in a manner different
from that of quadrupeds and birds. Their inftruments
of motion are fins, or machines confifting of a number
of elaftic beams, conneéted to one another by firm mem-

branes
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branes. Their tails are of the fame texture. Their fpine
is remarkably flexible toward the pofterior part of the
body, and here the ftrongeft mufcles are likewile inferted.
They have a power of contracting and dilating their tails at
pleafure ; by which means, and by the affiftance of the
fins, they move forward in the fame manner as a boat with
oars on 1ts fides,and a rudder at its ftern. Fifhes have no
neck : As they feek their food in a horizontal pofition,
and can move their bodies either upward or downward, a
long neck would neceffarily have impeded their motion
through the water.

The form of fithes is extremely various ; and, if their
hiftory were fufficiently known, the connetion between
their ftructure and their manners would be equally appa-
rent as in the other tribes with which we are better ac-
quainted. Some fithes are long and cylindrical, as the
fea-ferpent, and all the eel-fhaped fpecies. The eel-kind,
from their figure, are enabled to trail their bodies along
the bottom, and to conceal themfelves below the fand, or
mud. Others are lefs cylindrical, and proportionally
fhorter, as the mackrel, the cod, the herring, the falmon,
&c. Thefe, from the number and pofition of their fins,
as well as from the fhape of their bodies, are deftined for
quicker motion, and for travelling to great diftances in
queft of food, or for fpawning in fhoals or in rivers. Others,
as the flounder, the fkate, the turbet, torpedo, &c. are
broad and comprefled. Thele, like the eel-kind, frequent
muddy bottoms. Others are triangular, quadrangular,
round, &c. Befide thofe which approach to regular fi-
gures, the variations and compofitions are fo numerous,
that the forms of fifhes are much more diverfified than
thofe of quadrupeds, or birds. To defend themfelves a.
gainft their enemies, many fithes are armed with ftrong,
fharp fpines, or prickles. Fogthe fame purpofe, and like-
- wife for wounding, or killing their prey, fome have fa large
horn on their front, and others a fword, or rather a faw,
which are tremendous weapons. The more timid and
defencelefs tribes are endowed with the faculty of rapid
motion ; and fome of them have fins fo large and flexible,
that, when hard purfued, they are enabled to leave their

: natural
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natural element, to dart through the air to confiderable
diftances, and difappoint the defigns of their enemies.

Fifhes are as much diverfified in fize as in figure. The
ocean produces the largeft animals which now inhabit this
globe. The enormous mafles of the whale and walrus
tribes far exceed thofe of the elephant, rhinoceros, or ri-
ver-horfe, the largeft terreftrial animals of which we have
any proper knowledge. From the immenfe bones, how-
ever, found in Siberia, and many parts of Europe, we
are induced to believe, that land animals have formerly
exifted whofe fize muft have been much larger than that
of the prefent elephant. This animal, whofe fpecies is
now fuppofed to be extinguifhed, is known among natur-
alifts by the denomination of the mammouth. Near the
river Ohio, fome prodigious bones and teeth have lately
been difcovered, which indicate an animal of incredible
magnitude*. -

With regard to internal {tructure, fifhes, like land-ani-
mals, are furnifhed with a back-bone and ribs, which run
from th& head to the tail. To thefe, the bones of the
head, and the fins, all the mufcles and inftruments of mo-
tion, are attached.

The mouths of moft fithes are furnithed with teeth ;
but in fome, as the mullet, fturgeon, &c. the teeth are
wanting. In fome, the teeth are fituated on the jaw-bones,
in others, on the tongue and palate. The teeth of fithes
are principally defigned for laying hold of and detaining
their prey, which they generally fwallow entire. For
this purpofe, the teeth are commonly ferrated, or bent
inward, like tenter-hooks. By this ftru&ture, fmall fithes
are eafily forced downwards, and their return is at the
fame time prevented.

In fithes, the organ of fmelling is large; and they have
a power of contratting an® dilating, at pleafure, the
entry into their nofe.

It was formerly doubted whether fithes were endowed
with the fenfe of hearing. But, that doubt is now fully
removed j becaufe it has been found, that, like other

animals,

* A Memoir on the fubje&t of thefe large American bones will foon be laid be-
fore the Philofophical Society of this city.
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animals, they have a complete organ of hearing, and that
water isa proper medium for the conveyance of found:
Befides, in the {kate, and fome other genera, the learned
and ingenious Dr. Monro, Profeffor of Anatomy in the
College of Edinburgh, has lately difcovered an aperture

which leads direétly to the internal parts of the ear.
“The gullet of fithes is fo fhort that it is hardly to be
diftinguithed from the ftomach, which is of an oblong
figure. ‘The guts are very fhort, making only three con-
volutions, the laft of which terminates in the common
vent for the feces, urine, and femen. From this firuc-~
ture of the ftomach and inteftines, analogy would lead
us to conclude, that fifhes live chiefly upon animal food.
Experience, accordingly, teaches us, thatalmoft all fifhes
prey upon the finaller kinds, and even devour their own
young.  The liver is proportionally large, of a whitifh
colour, and fituated on the left fide. The gall-bladder
lies at a confiderable diftance from the liver, and difchar=
ges' the gall into the gut. In fifhes, the organs of gene-
ration are two bags fituated in the abdomen, and uniting
near theanus.  In the male, thefe bags are filled with a
thick whitith fubftance called the mi/t, and in the female
with an infinite number of minute eggs called the rve.
At the feafon of fpawning, the bags of both male and fe-
male are greatly diftended ; but, at other times, the male
organs can fcarcely be diltingufhed from thofe of  thé
female. ,
“The fwimming bladder is an oblong, white, membran-
ous bag, which contains nothing but a quantity of elaflig
air. ' It lies clofe to the back-bone, and has a pretty ftrong
mufcular coat. By contratting this coat, and, of courfe,
condenfing the air it contains, fome fifhes arc enabled. to
render their bodies fpecifically heavier than water; and te
fink to the bottom ; and, wien the mufcular fibres ceafe
to a&, the air dilates, and makes their bodies fpecifically
lighter. - By this curious piece of mechanifm, the animals
have the power of finking to the bottom, or of rifing to
the furface. * According to the different degrees of con-
tra&tion and dilatation of this bladder, fithes can, at'pleas
g TGl , +olures

-
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fure, keep themfelves higher or lower in the water. Hence
flounders, foles, fkate, and other fithes which have no
fwimming bladder, always grovel at or near the bottom.*
It is likewife a confequence of the relaxation of this blad-
der, that dead fifhes which are furnifhed with it uniformly
rife to the furface. The air-bag, in fome fifhes, commu-
nicates, by a du&, with the gullet, and, in others, with
the ftomach. At the upper end of the air-bag, there are
red-coloured glandular bodies connected with the kidneys.
From the kidneys the ureters proceed downward to their
infertion in the urinary bladder, which lies in the lower
part of the abdomen, and the urethra terminates in the
anus.

Fifhes have a membranous diaphragm, or midriff, that
forms a fack in which the heart is contained. The heart
is of a triangular figure. It has only one auricle, one
ventricle, and one great artery. This artery, inftead of
fupplying all the parts of the body, as in the frog, is
diftributed entirely on the gills. All the branches termi-
nate there, and become at laft fo fmall that they efcape
the naked eye. The branchiz, or gills, lic in two large
flits on each fide of the head, and are analogous to the
lungs of land-animals. The figure of the gills is femi-
circular, and on each fide of them are immenfe numbers
of fibrils, refembling fringes. The gills are perpetually
fubjeted to an alternate motion from the preflure of the
water, and the a&tion of the mufcles.. They are covered
with a large flap, which allows an exit to the water necef-
farily taken in by the animals every time their mouths are
opened. The blood is again collected by a vaft number
of fmall veins, which, inftead of going back a fecond time °
to the heart, immediately unite, and form an aorta defcen-
dens, which fends off branches to fupply all the parts of
the body, except the gills. From the extremities of thefe
branches the blood is colle&ted by veins, and returned to
the heart nearly in the fame manner as in other animals.

The organs by which the nutritious part of the food
of fifhes is extracted and conveyed to the general mafs of
blood, and known by the names of latteal, abforbent,
and lymphatic, veflels, are fo analogous to thofe of men

and
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and quadrupeds, that it is unneceffary to defcribe them *.
For the fame reafon, no defcription fhall be given of the
nerves, which, as in other animals, proceed from the
brain and fpinal marrow, and are diftributed over every
part of the body.

Having finithed this fketch of the ftrufture and organs
of fifhes, it is almoft needlefs to remark, that, though
they live in a different element, and vary greatly from
land-animals in figure, Nature, in the formation of their
bodies, in the mode of their nutrition, refpiration, and
fenfation, has alted upon the fame great and general

lan.
. We are, now, to take a view of the ftru&ure of in-
feéts, a numerous clafs of animals, moft of whom recede
farther from the common mode of organization than any
of the other clafles.

OF THE STRUCTURE OF INSECTS.

IN the firft chapter, a few obfervations were made
concerning the ftructure and organs of infeéts, in order
to fhow more clearly the anmalogies between animals and
vegetables. Thele it is unneceflary to repeat. We fhall,
therefore, proceed to a more particular examination of
the ftrufture of infects, and to trace the connefion be-
tween that and their manners.

Infeéts exhibit fuch an immenfe variety in figure, co-
lour, and difpofition of parts, that Naturalifts have found
it neceffary to arrange them into different tribes, or fa-
milies. Thefe tribes are diftinguifhed from one anether
by certain peculiarities in the ftructure of their bodies.

The moit general divifion of infets is derived from

the

* It may not, however, be improper to obferve, that the conglobate, or lym-
phatic glands, which feem to conflitute an effential part of the abforbent {yftem
1n_man, in quadrupeds, and in birds, have not, hitherto, been difcovered in any
genus of fifhes. But, in fithes, and in the amphibious animals, which are like-
wife deflitute of thefe glands, the lymphatics form a great number of plexus ; and
the progrefs of the Iymph being thus retarded, M. Malcagni fuppoles that all the
ufcs of thefe glands are an(wered by this peculiar arrangement oF(be veflels them-
felves, Birds have but few conglobate ds: but, to make amends for this cir-
cumf(lance, Nature has formed the lymphatics of this clafs of animals into frequent
plexus, fomewhat refembling net-work, '
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the circumftance of their having or wanting wings, and
from the number and fubftances of which thefe inftru-
ments of motion are compofed. They are diftinguifthed
from all other animals by many peculiarities of form.
None of the other clafles have more legs than four. But,
moft infeéts have fix ; and many of them have eight, ten,
fourteen, fixteen, eighteen, and even a hundred, legs.
Befide the number of legs, infects are furnifhed with an-
tennee, or feelers, Thefe feelers, by which infe&s grope
and examine the fubftances they meet with, are compofed
of a great number of articulations, or joints. Linneus,
and other naturalifts, maintain, that the ufes of thefe feel-
ers are totally unknown. But, the flighteft attention to
the manner in which fome infe&s employ their feelers,
will fatisfy us of at leaft one ufe they derive from thefe
organs. When a winglefs infet is placed at the end of
a twig, or in any fituation where it meets with a vacuity,
it moves the feelers backward and forward, elevates, de-
prefles, and bends them from fide to fide, and will nat
advance farther, left it fhould fall. Place a ftick, or any
other fubftance, within reach of the feelers; the animal
immediately applies them to this new objet, examines
whether it 1s fufficient to fupport the weight of its body,
and inftantly proceeds in its journey. Though moft in-
fects are provided with eyes, yet the lenfes of which they
confift are fo mall and ‘convex, that they can fee diftinétly
but at Tmall diftances, and, of courfe, muft be very in-
competent judges of the vicinity or remotenels of objeéts.
To remedy this defet, infets are provided with feelers,
which are perpetually in motion while the animals walk.
By the fame inftruments, they are enabled to walk with
fafety'in the dark.

No other animals but the infett tribes have more than
two eyes. Some of them have four, as the phalangium ;
others, as the fpider and fcorpion, have eight eyes. Ina
few infects, the eyes are fmooth; in all the others, they
are hemifpherical, and confilt of many thoufand diftin¢t
fenfes. The eyes are abfolutely immoveable: But, this
defe& is fupplied by the vaft number of lenfes, which,
from the diverfity of their pofitions, are capable of view-

ing
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ing objedts in every dire&ion. By the fmallnefs and con-
vexity of thefe lenfes, which produce the fame effectas the
objeét glafs of a microfcope, infeéts are enabled to fee
bodies that are too minute to be perceived by the human
eye.
Another peculiarity deferves our notice. No animal,
except a numerous tribe of four-winged infeéts, has more
than two wings.

With regard to fex, quadrupeds, birds, and fifhes, are
diftinguithed into males and females. But, the bee and
the ant furnifh examples of neuters, which are ablolutely
barren: And the earth-worm, and feveral fhell-infets, are
hermaphrodite, each individual poflefling the prolific pow-
ers of both male and female.

It is likewife remarkable, that all winged infeéts under-
go three metamorphofes, or changes of form : The egg is
difcharged from the body of the Female in the fame man-
ner as in other oviparous animals. By a wonderful in-
fin&, thefe feemingly-ftupid creatures uniformly depofit
their eggs on fuch animal or vegetable fubftances as fur-
nifh proper food for the worm or caterpillar, thatis to be
hatched by the heat of the fun. The worm, or caterpillar,
is the firlt ftate.” The bodies of caterpillars are foft and
moift.  They have no wings, and are totally deprived of
the faculty of generation. After continuing for fome
time in this reptile ftate, they are transformed into a chry-
falis, which is drier and harder than the caterpillar. The
chryfales of fome infeéts are naked, and thofe of others are
covered with a filken web, fpun by the animals before their
change is completed. In this ftate, many of them lie mo-
tionlefs, and feemingly inanimate, during the whole winter.
When the {pring or fummer heats return, they burft from
their laft prifon, and, from vile reptiles, are transformed
into beautiful flies. In this perfect ftate they are exceed-
ingly athive, fly about in queft of their mates, and, after
propagating their fpecies, the females depofit their eggs,
and the fame circle of animation and change perpetually
goes round. Hence, the ftruéture and figure of the fame
individual animals are threefold, which renders the know-
ledge of infets extremely complicated, as we muft be ac-

' quainted
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quainted with them in the feveral forms they fuceeflively
aflume. -

There is another peculiarity in the ftruture of infeds.
"They are deprived of bones.  But, that defect is fupplied,
in fome, by a membranous or mufcular {kin, and, in
others, by a cruftaceous or horny covering. In this cir-
cumftance, infe@s refemble the fhell-animals, whofe bones
conftitute the external parts of their bodies. :

In general, the bodies of infeéts are compofed of a head,
trunk, and abdomen. The head is commonly attached
to the trunk by a joint, or articulation, Befide eyes, feel-
ers, and mouth, the heads of fome infetts are furnifhed
with palpi fixed to the mouth ; and they are either four
or fix in number. Each of them confifts of two, three,
or four, joints,and are often miftaken for the antennz, or
feelers. Thefe inftruments feem to ferve the animals in-
ftead of hands ; for they employ the palpi to bring the
food to their mouths, and to keep it fteady while eating.
It is afferted by Linneus, and other naturalifts, that the
heads of infecs are deftitute of brains, noftrils, and ears.
The minutenefs of the animals under confideration may
have hitherto prevented us from diftinguifhing thefe or-
gans. If they want a brain, it is certain that their fenfe
of feeing is acute; and we know that they are amply {up-
plied with nerves, which produce the fame effects as the
brain in larger animals. If they are deprived of noftrils,
the flightelt attention muit convince us, that fome of them
poflefs the fenfe of fmelling in a very high degree. Upon
any other fuppofition, how thould the different fpecies of
flies, the moment they efcape from the chryfalis ftate,
diftinguith, and direétly approach, the different animal and
vegitable fubftances Nature has deftined for their refpeét-
ive nourithment? A piece of meat is no fooner expofed
to the air than it is covered with fleth-flies, upon which
they both feed and depofit their eggs. Without this fenfe,
‘how fhould walps, and other flies, be allured from confi-
derable diftances into bottles encrufted with honey, or
molaffes ? Thefe, and fimilar a&ions, cannot be effets of
fight; for the diftance, the minutenefs, and frequently the

pofition
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pofition of the food, render it impoflible for the eye to
difcover thofe fubftances to which they inftantly refort.

With regard to hearing, it is more difficult to determine
whether infects be endowed with this fenfe. We can judge
of it, not by the knife of the Anatomift, but by the af-
fe&tions and motions of the animals themfelves. Several
trials I have made on houfe-flies incline me to think that
thefe animals poffefs a fenfe of a nature fimilar, at leaft, to
that of hearing. At the diftance of three or four feet, a
fmart ftroke, even upon a ftone wall, alarms and puts them
to flight. But, this may partly be attributed to the vi-
bration in the wall, or the concuffion of the air, produced
by the ftroke. To obviate this difficulty, at the ll;me‘ dift-
ance of between three and four feet, I {truck the air re-
peatedly with a bookbinder’s folder, without giving the
fmalleft alarm to the flies. But, when I ftruck the folder
againft the boards of a book, which I held in 'my hand,
and made a fmart noife, the animals were inftantly alarm-
ed, and flew off at the fecond ftroke. 'The fame effeét is
produced in a room juft light enough to render the ani-
mals vifible. Thefe trials, which I have often repeated,
feem to indicate that flies, if they are really deprived of
ears, are¢ endowed with an analogous fenfe, though we
are ignorant of its fituation*.

Naturalifts have limited the fenfes of infeéts to thofe
of fecing and feeling. But, the above remarks render it
more than probable that flies poffefs likewife the fenfes of
{melling and of hearing : Neither fthould the fenfe of tafte
be denied them ; for, though they may be aflifted by
fimelling to difcover and felect their food, we cannot fup-
pofe that Nature has denied them the pleafure which other
animals fo univerfally derive from eating. Befides, an
agreeable fenfation, fimilar to that of tafte, muft accom-

pany

* The very learned and laborious Profellor Fabricius of Copenhagen, who has,
perhaps, added more to the mafs of our knowledge concerning inleéls than any
perfon now living, has been fo fortunate as to difcover the organs of hearing in
the lobfter, and in the creb. In thefe animals, the external orifice of the organs
is placed between the longand the fhiort antennz ; whilt the cochlea, &c, are fitu-
uated in the upper part of the thorax (as it is called by Linnzus), near the bafe of
the ferrated projeftion at its apex, or point.  For a particular account of this cu-

nious difcovery in the hiflory of infe8ls, the reader is referred to the fecond volume
of the New Copenkagen Tranfactions, p. 375.
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pany an ac&ien which removes the pain arifing from hun-

KT

The mouth of infe&ts is generally placed in the under
part of the head ; but, in fome, it is fituated in the breaft.
The jaws, inftead of being horizontal, are often tranf
verfe, and furnifbed with teeth. The greater number of
winged infeéts are provided with a probofcis, or trunk, an
inftrument by which they extra® the juices from animal
or vegetable fubftances. The probofcis of infeéts is a
machine of a very complicated nature. In butterflies, the
probofis is fituated precifely between the two eyes. Tho’
fome of them exceed three inches in length, they occupy
but a fmall fpace. When a butterfly is not in queft of
food, the probolcis is rolled up in a fpiral form, fimilar
to that of a watch-fpring, each fucceflive ring covering
the one which precedes. The fubftance of the probofcis
has fome refemblance to that of horn. It tapers from the
bafe to thz extremity. It is compofed of two fimilar and
equal parts, each of which is concave, and, when joined,
form three diftiné& tubes., Reaumur has rendered it pro-
bable, that thefe tubes enable the animals to extraét the
juices of plants, to condut air into their bodies, and to
convey the fenfation of fmelling. Hence, the probofcis of
infets is an inftrument which ferves them for a mouth, a
nofe, and a wind-pipe.

. The upper part of the trunk or body of infects is cal-
led the thorax, and the under part the abdomen, or belly.
The abdomen contains the ftomach, and other vifcera,
It confifts of feveral rings, or fegments, and is perforated
with {piracula, or tubes, which fupply the want of lungs.
The abdomen is terminated by the tail, which, in fome
infets, is armed with a fting, a forceps, a briitle, or 2
kind of a claw with a moveable thumb.

The legs are compofed of three parts, conneted to
each other by joints, and reprefent the thighs, fhanks,
ankles, and feet of larger animals.

The wings of infe&ts are fo diverfified in number,
confiftence and colour, that Linnzus has made them the
foundation of the feveral orders or divifions into which
be divides:this numerous clafs of animals. Some infeéts

are
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are furnifhed with four, and others two wings, and fome
of them are entirely deftitute of thefe inftruments of
motion.

The four-winged infeéts are arranged in five orders.
The fir/t order Linnzus diftinguithes by the name of co-
leoptera, or thofe infects whofe upper pair of wings, con-
filt of a hard, cruftaceous, or horney fubftance. Thefe
cover and defend the under pair, which are of a more
foft and flexible texture. This order comprehends the
whole of what is properly called fearabai, or the beetle
tribe. Like other winged infeéts, all the beetles live for
fome time in the form of caterpillars, or grubs.

As a farther confirmation of the conneétion of man-
ners with form and ftruture, it is here worthy of remark,
that the fame animals, when in the ftate of caterpillars,
live in a different manner, and feed on fubftances of a
very different kind from thofe they confume after their
transformation into flies. The caterpillars of the gar-
den-beetle, cock-chafer, &c. lead a folitary life under
ground, and confume the roots of plants. Thofe of
others feed upon putrid carcafes, every kind of flefh,
dried fkins, rotten wood, the dung of men, and qua-
drupeds, and the fmall infeéts called pucerons, or vine-fret-
ters. The devourers of the puceron contribute to cure
fuch plants as happen to be infected with the phthiriafis,
or loufy difeafe. But, after their transformation into
flies, many of the fame animals, which formerly fed up-
on dung and putrid carcafes, are nourithed with the
pureft neftareous juices extratted from fruits and flow-
ers. 'The creatures themfelves, with regard to what may
be termed individual animation, have fuffered no alteration.
But, the fabrick of their bodies, their inftruments of
motion, and the organs by which they take their food,
are materially changed. 'The change of ftruéture, though
the animals retain their identity, produces the greateft
diverfity in their manners, their ceconomy, and the pow-
ers of their bodies. In the caterpillar—l{ate, thefe ani-
mals are extremely voracious, and, in many inftances,
acquire a greater magnitude than they poffefs after trans-
formation: but they are incapable of multiplying their

Ipecies,
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fpecies, and of receiving nourithment from the fame
kinds of food. Befides, many caterpillars, previous to
their transformation, live even in a different element.
The ephemeron fly, when in the caterpillar ftate, lives
no lefs than three years in the water, and extra&s its
nouritfhment from earth and clay. After transformation,
this animal feldom exifts longer than one day, during
which the fpecies is propagated, and myriads of eggs are
depofited on the furface of the water. Thefe eggs pro-
duce worms, or caterpillars, and the fame procefs goes
perpetually round.

Linnaeus’s fecond order of infelts, or hemiptera, have
likewife four wings. But, the upper pair, inftead of be-
ing hard and horny, rather refemble fine vellum. They
cover the body horizontally, and do not meet in a direct
line, forming a ridge, or future, as in the beetle tribe.
The whole of this order are furnifthed with a probolcis or
trunk for extracting their food. 1

This order comprehends feveral genera or kinds, fome
of which we fhall mention in a curfory manner.—The
blatta, or cockroach, is an animal which avoids the light,
and is - particularly fond of meal, bread, putrid bodies,
and the roots of plants. It frequents bakers thops and
cellars, and flies the approach of danger with great {wift-
nefs.—The head of the mantis, or camel-cricket, appears,
from its conﬁ.',al nodding motion, to be flightly attached
to the thoraxa™ This infect is regarded by the Africans as
a facred animal ; becaufe it frequently affumes a praying
or fupplicating pofture, by refting on its hind feet, and
elevating and folding the firft pair.—The gry//us compre-
hends a2 number of fpecies, fome of which are called
grafshoppers, others locu/ts, and others crickets.  The larve
or caterpillars of the grylli, have a great refemblance to
the perfeé infets, and, in general, live under ground.
Many of thefe infetts feed upon the leaves of plants.
Others, which live in houfes, prefer bread, and every
kind of farinaceous fubftance. The fu/zora, or fire-fly : The
foreheads of feveral of this genus, efpecially of thofe that
inhabit China, and other hot climates, emit a very lively
thining light during the night, which often alarms thofe

M who
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who are unacquainted with the caufe of the appearance.
The cicada, frog-hopper, or flea-locuft : The larva, or ca-
terpillars, of fome of this genus, difcharge a kind of
froth or faliva from the anus and pores of the body, un-
der which they congeal themfelves from the rapacity of
birds, and other enemies.—The papa, or water-jcorpion,
frequents ftagnant waters. . It lives chiefly on aquatic in-
fects, and is exceedingly voracious.—The cimex or bug :
Many fpecies of this genus feed upon the juices of plants,
and others upon the blood of animals. Some of them
are found in waters, and others frequent houfes, among
which, though it wants wings, is the bed-bug, a peftite-
rous infect, which is too well known, and too generally
diffufed. The bugs differ from other infets by their
foftnels ; and moft of them emit a very feetid {fmell.—
The aphis, puceron, or vine-fretter : Thele infefts are very
common, and are generally termed the /ice of the plants
which they infeft : The puceron, as remarked in the firft
chapter, is viviparous in fummer, and oviparous in au-
tumn. Numbers of them are devoured by the ants, on
account, as is fuppofed, of a fweet liquor with which
their bodies are perpetually moiltened.—Chermes : The
larwa or caterpillars of this infect have fix feet, and are
generally covered with a hairy or woolly fubftance. The
winged infects leap or {pring with great agility, and in-
feft a number of different trees and plan he females,
by means of a tube at the termination @®their bodies,
- infert their eggs under the furface of the leaves, and the
worms, when hatched, give rife to thofe tubercles, or
galls, with which the leaves of the ath, the fir, and other

trees, arc fometimes almolt entirely covered. ,
The third order or tribe of four-winged infects confifts
of three genera only. But, the fpecies comprehended
under them are exceedingly numerous. All butterflies
and moths belong to this order.  Their wings are covered
with a farinaceous powder, or rather with a kind of fcales
or feathers, difpofed in regular rows, nearly in the fame
manner s tiles are laid upon the roofs of houfes. The ele-
gance, the beauty, the variety of colours exhibited in their
wings, are produced by the difpofition and different tinc-
- tures
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tures of thefe minute feathers. The infects of this or-

der, on account of their beauty and eafy prefervation,

have always been the favourites of colletors, and parti-

cularly of thofe of the female fex.  When the feathers

are rubbed off, the wings appear to be nothing more

than a naked, and often a tranfparent, membrane. The

feelers of the papilio, or butterfly, are thickeft at their

extremity, and often terminate in a kind of capitulum,

or head. Their wings, when fitting, or at reft, areerett,

their extremities join each other above the body, and the

animals fly about, in queft of food and of their mates,

during the day.—The moths are divided into two genera,

the one called /phinx, or hawk-moth, and the other phalena,

or moth. ‘The feelers of the fphinx are thicker in the

middle than at the extremities, and their form, in fome

meaufure, refembles that of a prifm. The wings are, in

general, defleCted, their outer margins declining toward

the fides.© They fly about early in the morning, and af-

ter fun-fet ; and, by means of their probofcis, like the

butterflies, they fuck the juices of plants.—The phalena

or moth : The feelers of this genus are fetaceous, and ta-
per from the bafe to the point. When at reft, their wings

are commonly defle€ted ; and they fly during the night.

Previous to their transformation, the caterpillars of the

whole of this genus {pin webs for covering and proteét-
ing the animals while in the chrylalis ftate.  From a fpe-
cies of this tribe mankind have derived one of the great-
eft articles of luxury and of commerce which now exifts
in the world. That feemingly contemptible, that difguft-
ing reptile known by the appellation of the fi/k-worm, in its
paflage from the caterpillar to the chryfalis {tate, produces
thofe fplendid materials which adorn the thrones of Prin-
ces, and add dignity and luftre to female beauty*.

The wings of the fourth order, diftinguifhed by the
name of neuroptera, are membranaceous, naked, and fo
interfperfed with delicate veins, that they have the ap-
pearance of beautiful net-work. Their tail has no fling ;
but that of the male is frequently furnifhed with a kind
of forceps or pincers. To this order belongs the /ibella,t

~ : or

* See Chap. X1.4ncerning the transformation of Animals. S, + Libellula,
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or dragon-fly, an infe& of very fplendid and variegated
colours. It is a large and well known fly, and frequents
rivers, lakes, pools, and ftagnating waters, in which the
females depofit their eggs. Their mode of Eenerating is
fingular. Different fpecies of them appear from'the be-
ginning of fummer to the middle of autumn. They ge-
nerally fly in pairs, and in a ftraighit line, the male pur-
fuing the female. The organs of the male are fituated in
his breaft: When he overtakes her, with the forceps in
bis tail he lays hold of her by the neck, while fhe, by
an inflinctive impulfe, makes the lower end of her body
approach the male organs. In this united fituation they
form a kind of ring, have the appearance of a double
animal, and fly along till the purpofe is accomplithed.
Under the fame order is comprehended the phryganea, or
Jpring-fly : The larva or caterpillars of this genus live in
the water, and are covered with a filken tube. They
have a very fingular afpeé ; for, by means of a gluten,
they attach to the tubes in which they are inclofed fmall
pieces of wood, fand, gravel, leaves of plants, and not
unfrequently live teftaceous amimals, all of which they
drag along with them. They are very commonly found
in falads of the water-crefs; and, as they are ogen en-
tirely covered with green leaves, they have the appearance
of animated plants. They are in great requeft among
filhermen, by whom they are diftinguifhed by the name
of flone, or cod-bait. 'The fly, or per%e& infect, frequents
running waters, in which the females depofit their eggs.
The fifth order is termed hymenoptera. In general, the-
infects belonging to this order have four membranaceous
and naked wings. In fome of the genera, however, the
neuters, and, in others, the males, or even the females,
have no wings. Their tails, except in the male fex, are
armed with a fting.—The female of the cynips, an infet
belonging to this order, inferts her eggs into the leaves
of the oak, and the caterpillars produced from them give
‘rife to the galls employed in the compofition of ink.—
This order likewife includes the wafp, the bee, and the
ant. - Many of the walp kind, like the bees, live in fo-
ciety, ‘make ‘combs 'in which 'the females depofit their

- eggsa
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eggs, and feed their caterpillars with an inferior {pecies
of honey. Others of them conftruct a feparate neft for
each individual egg.—The bee is an infe& too well known
to require a particular defcription. The males have no
fting ; but the females, and the drones, or neuters, have
a very fharp pointed fting concealed in their abdomen.
The female of the homtey-bee is much larger than the male,
or the neuter. Her feelers contain fifteen articulations.
Her abdomen is compofed of feven {egments, and is much
longer than her wings. The feelers of the male contain
only eleven articulations. The neuters are much fmaller
than the males or females, and their feelers confift of fif-
teen articulations.—The fting, with which the male and
female ants are armed, is concealed within the abdomen.
The males and females of the ant are furnifhed with wings,
but the neuters are deprived of thefe inftruments of mo-
tion. The ants live in focieties which are compofed of
males, females, and neuters. The males are much {fmaller
than the females and neuters. Soon after the males and
females propagate the fpecies, they all die. Some of the
neuters, however, furvive the winter ; but they remain
in . their habitation without movement, or difcovering any
figns of life. From thefe circumitances in the hiftory of
ants, it is apparent, that the induftry and fagacity fo long
and fo univerfally afcribed to thefe little animals could be
of no wufe either to themfelves or their progeny. The fe-
male, after depofiting her eggs, takes no farther care of
her offspring. -But, what is fingular, the important of-
fice of feeding the larve, or caterpillars, after the eggs
are hatched, is left entirely to the neuters. This affeti-
onate and afliduous attention of the neuters to a progeny
neither begot nor brought forth by them, is fo aftonifh-
ing, fo contrary to the general ceconomy of Nature, that
no reafoning or theory can account for a fact fo uncom-
mon, till farther difcoveries fhall be made in the hiftory
of thefe furprifing animals. What is flill more fingular,
after the caterpillars are transformed into the chryfalis
{tate, the neuters are inceflantly and anxioufly employed
in preferving the chryfales from humidity when the wea-
ther is wetj and in expofing them to the warmth of the

fun
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fun when itis fair. Thefe chryfales are larger than the
animals themfelves, and yet they carry them off with eafe
and rapidity.

The fixth order of infe&s is termed diptéra, or two-
winged infets. The different fpecies of this order, be-
fide wings, are furnifhed with what is called a halter or
a poifer, which is fituated under each wing, and is ter-
minated by a capitulum, or knob. This order comprehends
ten genera, and a multitude of fpecies. The caterpillars
of the ceftrus, or gad-fly, lie concealed in the fkins of
cattle, where they are nourifhed during the whole winter.
The perfed infeéts are frequent wherever horfes, cows or
fheep are grazing. Some of them depofit their eggs in
the fkins of cows or oxen; others depofit them in the
inteftines of horfes, to which they get accefs by the anus ;
and others in the noftrils of fheep. In thefe habitations,
the caterpillars refide till they are full grown, when they
throw themfelves down to the earth, and generally pals
the chryfalis ftate under the firft ftone they meet with.
~The mufca, or common fly : The mouth of this infect
confifts ot a foft, flethy probofeis, with two lateral lips.
The caterpillars of fome of this genus devour the puce-
rons ; others confume all kinds of putrid flefh; others
are found in cheefe; others in the exctements of differ-
ent animgals ; and many of them live in the water, and
prefer that which is moft corrupted and muoddy.—The
mouth of the culex, or gnat, confifts of a flexible fheath,
inclofing four briltles, or pointed ftings. The feelers of
the female gnat are plain like a thread ; but thofe of the
male are beautifully feathered. The worms, or cater-
pillars, of this genus are commonly found in ftagnant -
waters. The gnats generally frequent woods and marfhy
places. The females, in particular, are very troublefome,
and fting feverely.—The feet of the hippobofeca, or horfe-
fly, are armed with a number of nails, or crotchets. In
{fome fpecies, the wings crofs each other; in others, they
are.open. ‘The horfe-flies frequent woods and marfhy
grounds, and are extremely incommodious to birds and
quadrupeds, whofe blood is the only food of thefe infeéts.

The feventh order of infeCts Linnweus denominates’ ap-

tera,
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tera, becaufe neither males nor females are furnifhed with
wings. This order comprehends thirteen genera, and a
great number of {pecies, many of which are very offen-
five and noxious to the human fpecies. The pediculus, or
loufe, has fix legs, two prominent eyes, and its mouth
contains a fting or fucker, by which it extralts blood
and other juices from the bodies of animals. Though
almoft every different animal is infefted with a peculiar
fpecies of lice, the fpecific charatters of very few of
them have hitherto been afcertained. Lice are of vari-
ous forms. Some of them are oval, others oblong, and
others long and flender. They are oviparous animals,
and their eggs are large in proportion to the fize of their
bodies. Before they arrive at maturity, they change their
{kin feveral times. They are fuppofed to be hermaphro-
dites. This circumfitance, if true, may partly account
for their prodigious multiplication. Swammerdam, who
diflected a great number, affures us, that he never found
one without an ovary, nor even difcovered the organs
peculiar to the male fex. If this ftruture be univerfal,
the loufe is an hermaphrodite of a very peculiar kind;
becaufe it muft be capable of feecundating itfelf. Seve-’
ral {pecies of worms are hermaphrodites ; but, inftead of
feecundating themfelves, they are obliged to impregnate
each other.—The pulex, or flea, has likewife fix legs, the
articulations of which are fo exceedingly elaftic, that the
animal is enabled, by their means, to {pring to furprifing
diftances. It has two fine eyes, and its body is covered
with cruftaceous fcales. The flea is the only infect be- .
longing to this order which undergoes a transformation
fimilar to that of the former orders: All the other wing-
lefs infe&s are produced in a perfet ftate either by the
mother, or from eggs. The caterpillars of the flea have
forked tails, and are very fmall and lively. They may
be nourithed in boxes, and fed with flies, which they
greedily 'devour. Before changing into the chryfalis ftate,
they live fourteen or fifteen days in the form of caterpil-
lars.—Aranea, or fpider: This genus comprehends a
great many fpecies. The fpider has eight feet, and an
equal number of immoveable eyes. « The chief prey of
: the
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the fpider is flies, animals whofe motions are extremely
quick and defultory. To enable the fpider to obferve
their movements in every direétion, fhe is furnifhed with
eight eyes, the pofition of which merits attention: Two
of them are placed on the top of the head, other two on
the front, and two on each fide. The mouth is armed
with two crotchets, by which it feizes and kills its prey.
Round the anus there are feveral mufcular inftruments,
thaped like nipples or teats. Each of thefe contain about
a thoufand tubes or outlets for threads fo extremely mi-
nute, that many hundreds of them muft be united before
they form one of thofe vifible ropes of which the fpider’s
web is compofed. The figure of the web varies accord-
ing to the fpecies, or the fituation the animal choofes for
its abode. After the web is completed, fome fpecies re-
fide in the center, and others occupy the extremity of
their habitations, where they lie in ambufh, with afto-
nifhing patience, till an ill-fated fly is accidentally entan-
gled. The fpider, from the vibration of the threads,
- perceives his prey, rufhes forth from his cell, inftantly
feizes it with his fangs, devouss its vitals, and afterwards
rejects the exhaufted carcafe. Spiders prey upon all
weaker infelts, and even upon their own fpecies.—The
Jeorpion : 'This venomous infet is a native of warmer
climates than thofe of the north of Europe. It has eight
feet, and two claws, the laft of which are fituated on
the fore part of the head. Like the fpider, the fcorpion
has eight eyes, three of which are placed on each fide of
the breaft, and the other two on the back. The tail is
long, jointed, and terminates in a fharp crooked fting.
The venom of the {corpion is more deftructive than that
of any other infett; and is fometimes fatal in Africa,
and other hot regions.

The /a/t divifion of infedts is termed wvermes, or worms,
by Linnazus. This clafs comprehends not only all the in-
fects commonly called worms, but all the teftaceous ani-
mals, and the zoophites, or plant-animals. The ftruét-
ure of feveral genera belonging to this clafs is extremely
fingular.  After giving a few examples, we fhall haften
to the conclufion of the prefent fubject.

The
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The body of the gordius, or hair-worm, is long, fhaped
like a thread or hair, {mooth, and round. A {pecies of
the hair-worm is very common in our frefh waters, and
is perfetly harmlefs. In Scotland, it is a vulgar and
foolifh notion, that the hair of a horfe’s tail, when thrown
ifito the water, is converted into this worm*. Though
inoffenfive in this country, the hair-worm of Africa, and
of both the Indies, is extremely noxious. It is of a pale
yellowith colour, and is frequently met with among the
grafs, efpecially when covered with dew. It often infi-
nuates itfelf into the naked feet or limbs of children and
unwary perfons, where it produces an inflammation,
which is fometimes fatal. It may be extrafted by tying
a thread round its head, and then pulling it gently out
of its abode. But, this operation requires great caution ;
for, if the animalis broken, the part which remains does
fiot die, but, in a fhort time, regains what it had loft,
and becomes equally entire and troublefome as if it had
received no injury.—The lumbricus, or earth-worm : The
body of this worm is cylindrical, confifts of many rings,
and the middle is encompafied with an elevated belt. It
is likewife furnithed with fharp prickles, which the animal
¢an ere& or deprefs at pleafure. Through certain perfo-
rations in the fkin, it occafionally emits a flimy fluid,
which lubricates its body, and facilitates its paflage into
the foil. The inteftines of this worm are always filled
with a fine earth, which feems to conftitute its only nou-
rifhment. FEarth-worms, like fnails, are hermaphrodite.
The parts of generation are placed near the neck, and
théy mutually impregnate each other. This operation
is performed on the furface of the ground; and, while
thus employed, they will allow themfelves to be crufhed
to pieces rather than part. The females depofit their eggs
in the earth, where they are hatched. Thefe worms,
like the polypus, when cut through the middle, repro-
duce, and each portion becomes a diftinét individual.
Atcording to the different periods of their growth, their
colour varies; but, in general, it is a dufky red.

The fepia, or cuttle-fifb, though comparatively a large

N animal,

* A fimilar notion very generally prevails in thefe United-States,
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animal, fome of them being two feet long, is ranked
by Linnzus under the clafs of worms. The ftructure
of the cuttle-fith is remarkable. Its body is cylindrical,
and, in fome of the fpecies, is entirely covered with a
flethy fheath; in others, the fheath reaches only to the
middle of the body. The fepia has eight tentacula,
or arms, befide two feelers, as they are called, which
are much longer than the arms. Both the feelers and
arms are furnifhed with ftrong cups, or fuckers, fhap-
ed like the cup of an acorn, by means of which the
animal feizes its prey, and firmly attaches itfelf to rocks,
or to the bottom of the fea. It has two large and pro-
minent eyes. What is ftill more fingular, it is furnithed
with a hard, {trong, horny beak, precifely fimilar, both
in texture and fubitance, to the bill of a parrot. With
this bill, the cuttle-fith is enabled to break the fhells of
limpets, and other fhell-animals, upon which it chiefly
feeds. In the belly, there is an aperture through which
the animal, when-purfued by its enemies, emits a fluid
as black as ink, tinges the water, and often efcapes by
this ingenious ftratagem. The ancient Romans frequent-
ly ufed this black fluid as ink in writing. The males and
females copulate by a mutual embrace. The female de-
pofits her eggs upon fea-plants in parcels refembling
bunches of grapes. At the inftant they drop from the
mother, the eggs are white ; but the male immediately
coats them over with a black liquor. The male perpetu-
ally accompanies the female. When the female is attack-
ed, he braves every danger, and often refcues her at the
hazard of his own life. The bone of the cuttle-fifh is
very light, and, when pulverized, it is employed by dif-
ferent artifts in making moulds.

The medufa is an animal which has the appearance of
a lifelefs mafs of jelly floating on the furface of the ocean,
Its body is roundifh, flattened underneath, and the mouth
is fituated in the center of the under part. There are ma-
ny {pecies of this feemingly moft imperfect, defencelefs,
and abject part of animated nature.. They are, however,
furnifhed with tentacula, by which they feize infeéts
and the fmall fry fithes, convey them to their mouths, and

devour
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devour them. Although the fport of the waves, and the
prey of every fith that approaches them, they are grega-
rious animals, and, particularly in warm climates, fome-
times collet in fuch numbers as to have the appearance
of whitith rocks under the furface of the ocean.”

We have thus given a fhort fketch of the ftructure of
animals, from man down to the infe& tribes, and fhall
now conclude with a few remarks.

In all the variety of animated beings whofe general
ftruture has been exhibited, the intelligent teader will
eafily perceive, that the bodily forms of the different
kinds are exactly adapted to the rank they hold in the
creation, and that their ceconomy and manners are ftrictly
and invariably conneéted with their ftructure and organs.
If a new animal appears, and if its figure be uncommon,
it may with fafety be pronounced, that its manners are
equally uncommon. Change the external or internal
form of an animal; diminith the number of f{tomachs
in the ruminating tribes ; or give to the horfe a parrot’s
bill ; and the fpecies will be annihilated.

The comparative power, or ftrength, of animals de-
pends not on ftruture alone. Mental faculties and doci-
lity, or the capacity of receiving inftru&tion, feem to be
the greateft fources of animal power. Hence man’s unli-
mited empire over all other creatures. The inventions of
language, of arms, of writing, printing, and engraving,
have been the chief means of extending his influence,
and of his acquiring the dominion of the earth. By thefe
arts, men tranfmit the improvements, the inventions, and
the acquifitions, of one age to another. By thefe arts,
the difpofitions of men are foftened, their manners be-
come more and’ more civilized, humanity is gradually ex-
tended and refined, and the grofler dnimofities yield to
external politenefs and decorum at leaft, if the feelings
themfelves be not blunted. How far this progrefs of fci-
ence, and the peaceful arts of life, by the accumulation of
ages, may proceed, it is impoflible to determine. But,

: the
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the time, it is to be hoped, is not very remote, when the
fiercer contentions of nations will ceafe, when felfilhnefs
and venality, which at prefent feem to be infeparable from
commercial ftates, will give way to generofity of temper,
and uprightnefs of conduét.

Lo AR

Of the Refpiration of Animals—Air neceffary to the exiftence
of all animated beings—The various modifications of the or-
gans employed by Nature for the tranfmiffion of dir inte ani-
mal bodies.

IT is foreign to the defign of this chapter to mention
the different kinds of air ; to unfold its compofition ;
or to recapitulate the innumerable benefits derived from
it in the animal and vegetable kingdoms, in the arts of
life, and in the texture and cohefion of inanimate bodies.
For our purpofe, it is fufficient to obferve, that by air is
meant that common elaftic fluid which pervades this globe,
and which by its weight, its preffure in all directions, and
its compreflibility, infinuates itfelf into every vacuity, and
is neceflary to the exiftence of every animal and vegeta-
ble being.

In man, and the larger land-animals, air is taken into
the body by the lungs. When an animal infpires, the
external air pafles through the apertures of the mouth
and nofe into the trachea, or wind-pipe, and thence di-
tetly into the lungs.  This air, by infinuating itfelf into
the numerous cells of the lungs, neceffarily inflates them,
and, when retained for afecond or two, produces an un-
eafy fenfation. To remove this difagreeable feeling, the
animal inftintively, by the exertion of particular mufcles
deftined by Nature for that purpofe, forces out the air,
and thus removes the offending caufe. The lungs, after

the
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the air is thrown out, inftead of being inflated, collapfe ;
and, if a frefh fupply is not foon taken in, a fimilar un-
ealy fenfation is felt, which bbliges the animal aguin to
infpire. This alternate reception and rejection of air goes
on during the life of the animal, and is diftinguithed by
the general name of r¢fpiration. But, when treating more
accurately of the fubjet, the a& of taking air into the
lungs is called infpiration, and the act of throwing it out
is termed expiration.

That the refpiration of air is indifpenfible to the exif-
tence of land-animals, has been proved by innumerable
experiments made with the air-pump. Mice, rats, rab-
bits, cats, dogs, &c. when placed in an exhaufted re.
ceiver, inftantly become reftlefs, and difcover fymptoms
of pain. Their bodies fwell, and their life is foon ex-
tinguifhed. Indeed, our own feelings are fufficient to
alcertain this fat. No perfon can remain long either in
a ftate of infpiration or expiration without being fuffo-
cated.

But, the alternate motions of infpiration and expirati-
on, joined to the circulation of the blood through the
lungs, may be confidered as the more mechanical effects
of refpiration. Though thefe operations are abfolutely
neceflary to the exiftence of animals, yet the air itfelf has
been fuppofed to impart fome vital principle to the bload,
without which life could not be continued.

The ingenious Dotor Crawford, in his treatife on Ani-
mal Heat, has rendered it probable, that the refpiration
of air is the caufe of that vital warmth without which no
animal can exift. After mentioning a well known fa&,
that all bodies, whether animate or inanimate, contain a
certain quantity of fire as a principle in their compofition,
the Doctor remarks, that this quantity, in different bo-
dies, varies according to their nature or texture; that this
fire, when in a latent or quiefcent ftate, is termed abfolute
beat ; that, when fubftances of different textures have a
given quantity of heat thrown into them, their tempera-
ture will be difcovered to be different by the thermome-
ter ; for the fame quantity of heat which raifes one body

to
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to a certain degree, will raife another to a greater or a
lefs ; and this different difpofition of bodies is called their
capacity of containing abfolute heat.

Doétor Crawford next endeavours to prove by experi-
ments, that, when phlogifton is added to any body, its
capacity of containing abfolute heat is diminifhed ; and
that, when phlogifton is abftracted from the fame body,
its capacity of receiving abfolute heat is augmented.
Hence he infers, that heat and phlogifton feem to con-
ftitute two oppofite principles in nature. By the ation
of heat upon bodies, the force of their attration to phlo-
gifton is diminifhed ; and, by the attion of phlogifton, a
part of the abfolute heat, which exifts in every fubftance
as an element, is expelled. ¢ Hence,” fays the Dottor,
¢ animal heat feems to depend upon a procefs fimilar to a
¢ chemical elective attraction. The air is received into
¢ the lungs, containing a great quantity of abfolute heat.
¢ The blood is returned from the extremities, highly im-
¢ pregnated with phlogifton. The attration of the air
¢ to the phlogifton is greater than that of the blood. This
¢ principle will therefore leave the blood to combine with
¢ the air. By the addition of the phlogifton, the air is
¢ obliged to depofit a part of its abfolute heat ; and, as the
¢ capacity of the blood is, at the fame moment, increafed
¢ by the feparation of the phlogifton, it will inftantly unite
¢ with that portion of heat which had been detached from
¢ the air.

¢ We learn from Doctor Prieftley’s experiments with
¢ refpect to refpiration, that arterial blood has a ftrong at-
¢ trattion to phlogifton : It will, confequently, during the
¢ circulation, imbibe this principle from thofe parts which
¢ retain it with the leaft force, or from the putrefcent parts
¢ of the fyftem: And hence the venous blood, when it
¢ returns to the lungs, is found to be highly impregnated
¢ with phlogifton. By this impregnation, its capacity for
¢ containing heat is diminifhed. In proportion, therefore,
¢ as the blood, which had been dephlogifticated by the
¢ procefs of refpiration, becomes again combined with
¢ phlogifton, in the courfe of the circulation, it will gra-

¢ dually
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¢ dually give out that heat which it had received in the
¢ lungs, and diffufe it over the whole fyftem *.’

The Doétor afterwards proceeds to affigna reafon why
the heat of animals is always equal. ¢ As animals,” fays
he, ¢ are continually abforbing heat from the air, if there
¢ were not a quantity of heat carried off, equal to that
which is abforbed, there would be an accumulation of
it in the animal body. The evaporation from the fur-
¢ face, and the cooling power of the air, are the great
¢ caufes which prevent this accumulation. And thefe are
¢ alternately increafed and diminithed, in fuch a manner
¢ as to produce an equal effe¢t. 'When the cooling power
¢ of the air is diminithed by the fummer heats, the eva-
¢ poration from the furface is increafed ; and when, on
¢ the contrary, the cooling power of the air is increafed
¢ by the winter colds, the evaporation from the furface is
¢ proportionally diminifhed 1.’

This theory, though not fupported by mathematical evi-
dence, is not only ingenious, but {eems to make a nearer
approach to truth than any that has hitherto been in-
vented §.

Refpiration, befide being the probable caufe of the
equable continuation of heat in animals, produces many
other falutary and ufeful effets in the ceconomy of ani-
mated bodies. There is a moft intimate connettion be-
tween the act of refpiring and the circulation of the blood.
When refpiration is, for a fhort time, interrupted by the
fumes of burning fulphur, by mephitic air, or by remain-
ing fome minutes under water, the aétion of the heart
ceafes. But, in many cafes of this kind, the motion of
the heart may, and frequently has been renewed, by blow-
ing air into the lungs, and by the application of ftimulat-
ing fubftances to different organs of the body. In perfons
feemingly dead from a temporary fulpenfion of refpiration,
if the lungs can be excited to act, the motion of the heart

inftantly

L
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* Crawford on Animal Heat, pag. 73. S. + Ibid. pag. 84. S.

1 If the reader is defirous of feeing fome pertinent remarks on Doétor Craw-
ford’s Theory of Animal Heat, he may conlult Dotor Gardingr’s 04fervations
on the Animal Occonomy, and on the Caufes and Cure of Difeafes, an ingenious and
ufeful performance, lately publifhed, and which merits much more attention from
Philofophers and Phyficians than it has hitherto received. S.
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inftantly commences, the circulation of the blood is re-
ftored, and life is recovered. This intimate conneftion
between refpiration and the a&ion of the heart, is one of
thofe aftonithing fats in the animal ceconomy, the caufes
of which will perhaps forever elude the keeneft refearches
of the human intelle®. All we know is, that certain func-
tions are indifpenfible to the exiftence of animals, and
that, if any of them are fufpended for a few feconds, life
is extinzuifhed; namely, the a&tion of the brain and nerves,
the circulation of the blood, refpiration, and a probable
refuit of refpiration, animal heat. Thefe funétions, from
their importance in the fyftem, have received the appella-
tion of wital funlions. There are other funions of the
body, called natural, which are no lefs neceflary to life,
ad the digeftion and concoétion of aliment, the various
fecretions and excretions. But, they are diftinguifhed
from the vital funétions, becaufe fome of them may be
fufpended for a confiderable time without materially in-
juring the body.

Refpiration commences inftantly after birth, and is
inftinétively continued during life. In the feetus ftate,
as formerly mentioned*, refpiration is unneceflary, be-
caufe the circulation of the general mafs of blood is car-
ried on through a different channel. In the a¢t of infpi-
ration, we are confcious of making a certain effort ; but,
in the aét of expiration, we fearcely perceive any exertion
whatever.

Befide the circulation of the blood, and the continua-
tion of the vital warmth, refpiration gives rife to many
other important funions in the animal ceconomy. All
animals who refpire, befide a watery vgglor, exhale great
quantities of mephitic or corrupted effluvia, which, if
retained in the lungs, or breathed by other animals, would
foon prove fatal. The mufcles of refpiration, of which
we have the command, are employed in many other ope-
rations of the body, befide the mere aé of breathing air.
All animals furnifhed with lungs exprefs their wants, their
affections and averfions, their pleafures and pains, cither
by words, or by founds peculiar to each fpecies. Thefe

different
¥ Sce above, page 67. $
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different founds are produced by ftraitening or widening
the glottis and wind-pipe, or, in general, the paffage
through which the air paffes in refplratxon The inferior
animals are by this means enabled to exprefs themielves,
though not by articulate founds, in fuch a manner as to
be perfeétly intelligible to every individual of a fpecies.
On man alone, Nature has beftowed the faculty of fpeak-
ing, or of exprefling his various feelings and ideas, by a
regular, extenfive, and eftablithed combination of articu-
late founds. To have extended this faculty to the brute
creation, would not, it is probable, have been of any ufe
to them ; for, though fome animals can be taught to arti-
culate, yet, from a defect in their intelle&t, none of them
{feem to have any idea of the proper meaning of the words
they utter. Speech is performed by a very various and
complicated machinery. In {peaking, the. tongue, the
lips, the jaws, the whole palate, the nofe, the throat, to-
gether with the mulcles, bones, &c. of which thefe organs
are compofed, are all employed. This combination of
organs we are taught to ufe when fo young that we are
hardly confcious of the laborious tafk, and far lefs of the
manner by which we pronounce different letters and words.
The mode of pronouncing letters and words, however,
may be learned by attentively obferving the different or-
gans employed by the {peaker. By this means we are en-
abled to correét various defets of {peech, and even to
teach the dumb to fpeak ; for dumbnefs is feldom the ef-
fect of imperfection in the organs of {peech, but generally
arifes from a want of hearing ; and it is impoffible for
deaf men to imitate founds which they never heard, ex-
cept they be taught to ule their organs by vifion and by
touching.

When about to Jaugh, we make a very full infpiration,
which is fucceeded by frequent, interrupted and fonorous
expirations. When the titillation is great, whether it
arifes from the mind or body, thefe convulfive expira-
tions fometimes interrupt the breathing to fuch a degree
as to endanger fuffocation. Moderate laughing, on the
contrary, promotes health : By agitating the whole body,
it quickens the circulation of the Mood, gives an inex-

) preflible



106 THE PHILOSOPHY®

preflible chearfulnefs to the countenance, and banifhes
every kind of anxiety from the mind. ’

In weeping, we employ nearly the fame organs as in
laughing. It commences with a deep infpiration, which
is fucceeded by fhort, broken, fonorous, and difagreea-
ble expirations. The countenance has a difn]al alpc;&,
and tears are poured out. Weeping originates from grief,
or other paintul fenfations either of body or mind : When
full vent is given to tears, grief is greatly alleviated.
Both laughing and weeping have been reckoned peculiar
to man. But this notion feems not to be well founded.
Though the other animals exprefs not their plealures or
pains in the fame manner as we do, yet all of them ex-
hibit their pleafant or painful feelings by fymptoms or
cries, which are perfeétly underftood by the individuals
of each fpecies, and, in many inftances, by man. A dog,
when hurt, complains in the bittereft terms; and, when
he is afraid, or perhaps melancholy, he exprefles the fitu-
ation of his mind by the moft deplorable howlings. A
bird, when fick, ceafes to fing, droops the wing, abftains
from food, afflumes a lurid afpeét, utters melancholy,
weak cries, and exhibits every mark of deprefled fpirits.
By this means, animals intimate the affiftance they re-
quire, or foften thofe who maltreat them. Their plain-
tive cries are fometimes fo affetting as to difarm their
enemies, or procure the aid of their equals. On the
other hand, when animals are pleafed or carefled, they
difcover, by their countenance, by their voice, by their
movements, unequivocal fymptoms of chearfulnefs and
alacrity of mind. Thus the expreflions of pleafure and
pain by brute animals, though not uttered in the pre-
cife manner with thofe of the human fpecies, are per-
fetly analogous, and anfwer the fame intentions of Na-
ture.

By refpiration, and the inftruments employed in the
performance of it, the larger animals are not only brought
forth, but are enabled to extratt milk from the breafts
of the mother. By refpiration, odours are conveyed to
the nofe ; coughing, fneezing, yawning, fighing, finging,

vomiting,
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vomiting, and many other funéions in the animal ceco-
nomy, are at leaft partly accomplifhed.

After this general view of the refpiration of man and
of quadrupeds, we proceed, according to the method
laid down, to give fome account of the fame function in
the other claffes of animals.

With regard to BIrDs, though, like other land-animals,
they refpire by means of lungs, Nature has enabled them
to tranfmit air to almoft every part of their bodies. The
lungs of birds are fo firmly attached to the diaphragm,
the ribs, the fides, and the vertebre, that they can admit
of very little dilatation or contration *. Inftead of being
impervious, the fubftance of the lungs, as wellas of the
diaphragm, to which they adhere, is perforated with
many holes or paflages for the tranfmiflion of air to the
other parts of the body+. To each of thefe perforations
a diftin¢t membranous bag is joined. Thefe bags are
extremely thin and tranfparent. They extend through
the whole of the abdomen, are attached to the back and
fides of that cavity, and each of them receives air from

- their refpective openings into the lungs. The cells in
birds which receive air from the lungs are found not
only in the foft parts, but in the bones. That ingenious
and accurate anatomift, Mr. John Hunter of London,
remarks, that the bones of birds which receive air are
of two kinds: ¢ Some, as the fternum, ribs, and verte-
¢ bre, have their internal fubftance divided into innu-
< merable cells, whilft others, as the os humeri and the
¢ os femoris, are hollowed out into one large canal, with
¢ fometimes a few bony columns running acrofs at the
¢ extremities. Bones of this kind may be diftinguifhed
¢ from thofe that do not receive air by certain marks:

1. By

* Thefe numerous adhefions of the lungs of birds, and the fmall dilaation of
the thorax in the aét of infpiration, are fuppofed, by aningenious and learned mo-
dern Phyfiologiftand Naturalift, to be the reafon why, in this extenfive clafs of
animals, the brain is not fubjeéted to that alternate rifing and falling which 1s ob-
ferved in the whole clafs of mammalia, during infpiration and expiration. See
the beautiful paper of Mr. Blumenbach, entitled Specimen Phyfiologie comparate
nter animantia calidi Sanguins Vivipara et Ovipara, publifhed in the ninth volume
of the Commentationes Soczetatis Regie Scientiarum Gottingenfis, for the years 1787,
and a788. _

+ This fa& feems to have been firft mentioned by the celebrated Dottor Har-
vey. See Harvey de Generat, Animal, Exercit. 3.
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¢ 1. By their lefs fpecific gravity: 2. By being lefs vaf-
¢ cular, and therctore whiter: 3. By their containing
¢ little or no oil, and confequently :being more eafily
¢ cleaned ; and, when cleaned, appearing much whiter
¢ than common bones : 4. By having no marrow, or even
¢ any bloody pulpy fubftance in their cells: 5. By not
¢ being, in general, fo hard and firm as other bones;
¢ and, 6. By the paflage that allows the air to enter the
¢ bones, which can eafily be perceived. In the recent
¢ bone we may readily difcover holes, or openings, not
¢ filled with any fuch foft fubftance as blood-veficls, or
¢ nerves; and it happens that feveral of thefe holes are
¢ placed together, near that end of the bone which is
¢ next to the trunk of the bird; and are diltinguifhable
¢ by having their external edges rounded off; which is
" ¢ not the cale with the holes through which either nerves

¢ or blood-veflels pafs into the fubftance of the bone *.”
NMr Hunter afterwards informs us, that the lungs, at
the anterior part, open into a number of membranous
cells, which lie upon the fides of the pericardium, and
communicate with thofe of the fternum. At the fuperior
part, the lungs open into the large cells of a loofe net-
work, through which the wind-pipe, gullet, and large
veifels, pafs as they proceed to and from the heart. Thefe
cells, when diftended with air, augment confiderably the
part where they are fituated ; and this angmentation, or
fwelling, is generally a mark either of anger or of love.
‘This tumefaction is remarkable in the turkey-cock, in
the pouting-pigeon, and in the breaft of a goofe when
fhe cackles. Thele cells communicate with others in the
axilla, under the large pettoral mufcle. In moft birds,
the axillary cells communicate with the cavity of the os
humeri by fmall openings in the hollow furface near the
head of that bone. In fome birds, thefe cells are con-
tinued down the wing, and communicate with the ulna
and radius ; in others, they extend even to the pinions.
The pofterior edges of the lungs open into the cells of
the vertebrez, into thofe of the ribs, the canal of the
fpinal marrow, the facrum, and other bones of the pel-
, (AR I

¥ Hanter's Obfervations on certain parts of the Animal Occonomy, p2g.79. S.
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vis ; from thefe parts the air finds a paflage into the thigh-
bone. ¢ Thus, continues our learned and indefatigable
author, ¢ the cells of the abdomen, thofe furrounding the
¢ pericardium, thofe fituated at the lower and forepart of
¢ the neck, and in the axilla, thofe in the cellular mem-
¢ brane under the petoral mufcles, as well as in that
¢ which unites the fkin to the body, all communicate
¢ with the lungs, and are capable of being filled with air ;
¢ and again from thefe the cells of the fternum, ribs,
¢ yertebrz of the back and loins, bones of the pelvis,
¢ the humeri, the ulna and radius, with the pinions and
¢ thigh-bones, can in many birds be furnifhed with air*.”

Thefe facts, which our author candidly acknowledges
had been formerly obferved, led him, in the year 1758,
fo make experiments on the breathing of birds, in order
to prove the free communication between the lungs and
the feveral parts of the body mentioned above.

¢ Firft,” fays he, ¢ I made an opening into the belly of a
¢ cock, and having introduced a filver canula, tied up
¢ the trachea; I found that the animal breathed by this
¢ opening, and might have lived ; but, by an inflamma-
¢ tion in the bowels coming on, adhefions were produced,
¢ and the communication cut off.

¢ I next cut the wing through the os humeri, in ano-
¢ ther fowl, and tying up the trachea, as in the cock,
¢ found that the air pafled to and from the lungs by the
< canal in this bone. The fame experiment was made
¢ with the os femoris of a young hawk, and was attended
¢ with nearly the like fuccefs .’

The extreme fingularity of ‘this almoft-univerfal diffu-
fion of air through the bodies of birds, naturally excited
a defire to difcover what might be the intention of Na-
ture in producing a ftruéture fo extraordinary. Mr Hunter
firft imagined that it might be intended to afiift the act
of flying?, by increafing the volume and ftrength of the
animal, without adding to its weight, which muft be di-

minifhed ;

# Hunter’s Obfervations on certain parts of the Animal Occonomy, p. 31. S.

+ Ibid.. p. 82. . ,

1 This was likewife the opinion of the late learned Profeffor Camper. Scc what

he has faid on this curicus fubje&, in the fourth volume of the Hedendargze letter
afferngen, n. 2. for the year 1771,
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minifhed ; becaufe the fpecific gravity of the external air
is fuperior to that of the internal air, which is rendered
more rare by the heat of the animal’s body. This opinion
was corroborated, by confidering that the feathers of
birds, and particularly thofe of the wings, contain a great
quantity of air.  With his ufual ingenuoufnefs, however,
Mr. Hunter, in oppofition to his firft conjeéture, informs
us, that the oftrich, which does not fly, was amply pro-
vided with air-cells difperfed through its body *; that the
wood-cock, and fome other flying birds, were not fo
liberally fupplied with thefe cells as the oftrich ; and that
the bat had no fuch peculiarity of ftrufture. With re-
gard to the oftrich, though it is not intended to fly, it runs
with amazing rapidity, and, confequently, requires fimi-
lar refources of air.

He next conjettured, from analogy, that the air-cells
in birds ought to be confidered as an appendage to the
lungs ; becaufe in the fnake, viper, and feveral other
amphibious animals, the lungs are continued, in the form
of two bags, through the whole abdomen, the upper
part of which can only perform the office of refpiration
with any degree of effect ; becaufe the lower part has
comparatively few air-veflels. ¢ The air,” fays Mr. Hun-
ter, ¢ mult pafs through this upper part before it gets to
¢ the lower in infpiration, and muft alfo repafs in expira-
¢ tion ; fo that the refpiratory furface has more air appli-
¢ ed to it than what the lungs of themfelves could contain.
¢ There is, in faét, a great fimilarity between birds and
¢ that clafs of animals called amphibious ; and, although a
¢ bird and a fnake are not the fame in the conftruétion of the
¢ refpiratory organs, yet the circumftance of the air paf-
¢ fing in both beyond the lungs, into the cavity of the
¢ abdomen, naturally leads us to fuppofe, that a ftruture
¢ fo fimilar is defigned in each to anfwer a fimilar pur-
¢ pole. This analogy is ftill farther fupported by the
¢ lungs in both confifting of large cells. Now, in am-
¢ phibious animals, the ufe of fuch a conformation of lungs

“is

# Profcffor Camper informs us, that in the oftrich, and in the calowary, which

is 2 fpecics of the oftrich, the air does not penctrate into the offa humeri; but
that it 1s prefent in all the other bones.
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" ¢is evident ; for it is in confequence of this ftructure that
¢ they require to breathe lefs frequently than others.
¢ Even confidering the matter in this light, it may ftill,
¢ in birds, have fome connection with flying, as that mo-
¢ tion may eafily be imagined to render frequency of re-
¢ fpiration inconvenient, and 2 refervoir of air may
¢ therefore become fingularly ufeful. Although we are
¢ not to confider this ftructure in birds to be an extenfion
¢ of lungs, yetI can eafily conceive this accumulation of
¢ air to be of great vfe in refpiration ; for, as we obferved
¢in the viper, that the air, in its paflage to and from
¢ thefe cells, muft certainly have a confiderable effe& upon
‘ the blood in the lungs, by allowing a much greater
¢ quantity of air to pafs in a given time, than-if there
¢ was no fuch conftrution of parts. And this opinion
¢ will not appear to be ill founded, if we confider, that,
¢ both in the bird and the viper, the furface of the lungs
¢ is fmall in comparifon to what it is in many other ani-
mals which have not this extenfion of cavity.—We muft
not, however, give up the idea of fuch ftruéture being
of ufe in flying ; for I believe we may fet it down as a
¢ general rule, that, in the birds of longeft and higheft
¢ flight, as eagles, this extenfion, or diffufion of air, is
¢ carried farther than in the others; and this opinion is
¢ ftrengthened, by comparing this ftruéture with the re-
¢ fpiratory organs in the flying infets, which are com-
¢ pofed of cells diffufed through the whole body; and
¢ thefe are extended even into the head and down the
¢ extremities, while there is no fuch ftruture in thofe
¢ that do not fly, as the fpider,’ &c.

Though Mr. Hunter’s modelfty has not permitted him
to draw his conclufion in a pofitive manner, he feems to
have proved decidedly, that one ufe of the general diffu-
fion of air through the bodies of birds is to prevent their
refpiration from being ftopped or interrupted by the rapi-
dity of their motion through a refifting medium. The
refiftance of the air increafes in proportion to the celerity
of the motion. Were it poffible for man to move with
a fwiftnefs equal to that of a fwallow, the refiftance of the
air, as he is not provided with internal referveirs fimilar

to

<
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to thofe of birds, would foon fuffocate him. Neither does
the difficulty he mentions, with regard to the ftructure of
the oftrich, feem to contradiét his theory ; for though,
as formerly remarked, the oftrich does not fly, he runs
with aftomifhing rapidity. v
The refpiration of air is not only neceffary to the exift
ence of land-animals, but to that of risues of every de-
nomination. ~ Ceetaceous fithes, or thofe of 'the whale-
kind, refpire,like man and quadrupeds, by means of lungs ;
and, of courfe, they are obliged, at certain intervals, to
come to the furface, in order to throw out the former air,
and to take in a frefh fupply. '
Inftead of lungs, the other fpecies of fithes are furnifh-
ed with gills, through which they refpire both water and
air; for air is univerfally diffufed or mixed with every
portion of water. 'When a free communication with the
external air is prevented by ice, or by artifice, fifhes im-
mediately difcover fymptoms of uneafinefs, and foon pe-
rith. - ZElian informs us, that, in winter, when the river
Ifter was frozen, the fithers dug holes in the ice; that
great numbers of fithes reforted to thefe holes ; and that
their eagernefs was fo great, that they allowed themfelves
to be feized by the hands of the fifhermen. Rondeletius
made many experiments on this fubject. If, fays he, fithes
are put into ‘a narrow-mouthed veflel filled with warer,
and a communication with the air be preferved, ‘the ani-
mals live, and fwim about, not for days and month$ only,
but for feveral years. If the mouth of the veffel, how-
ever, be fo clofely fhut, either with the hand, or any other
covering, that.the paffage of the air is excluded, ‘the fifhes
fuddenly die. Immediately after the mouth of the veffel
is clofed, the creatures rufh tumultuoufly, one above an=
other, to the top, contending which of them fhall fooneft
receive the benefit of the air *. In the fhailow’ pirts of
rivers, when frozen, many fithes are found dead. But,
when parts of a river are deep or rapid, the fifhes fly from
the ice, and by this means avoid deftruéion.” " = "7 °
Thefe, and fimilar experiments, have been repeated by
Mr. Willoughby, and many other modern authors ; and
Y, " “they

* Rondeletius, Iib. 4. cap.g. 8.
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they have uniformly been attended with the fame event.
A carp, ina large veflel full of water, was placed in the
receiver of an air-pump. In proportion as the air was ex-
haufted by working the pump, the furface of the animal’s
body was covered with a number of bubbles. The carp
foon breathed quicker, and with more difficulty : A little
after, it rofe to the furface in queft of air. The bubbles
on its furface next difappeared ; the belly, which before
was greatly fwollen, fuddenly collapfed ; and the animal
funk to the bottom, and expired in convulfions.

Thus the refpiration of air is as neceflary to the exif-
tence of fithes as to that of land-animals; for none of
them can live long when deprived of this vivifying ele-
ment. Fithes, indeed, feem to require a fmaller quantity of
air than animals who have a conftant and free communi-
_cation with the atmofphere. The bodies and fluids of
fithes are colder than thofe of land-animals; and, of
courfe, if Doctor Crawford’s theory be well founded, -
fithes require lefs air to fupport the proportionally {mall
quantity of heat they poflefs. ¥

An analogy between fifhes and birds deferves here to
be noticed. - Both of thefe clafles of animals are rapidin
their motions; and both of them, befide refpiring by
lungs, or gills, have receptacles of air within their bodies.
Fifhes tranfmit fmall quantities of air through their gills ;
but Nature has provided moft of them with air-bags or
bladders, which may anfwer the double purpofe of enab-
ling them to afcend and delcend in the water, and to com-
municate a vital principle to their whole fyftem. :

We fhall conclude this fubje¢t with an account of the
modes employed by Nature for tranfmitting air into the
bodies of INSECTS.

In this feemingly contemptible, and often noxious clafs
of animals, Nature has exhibited a wonderful diverfity of
form, of manners, of inftin&ts, of deformity, and of
beauty. But, however infignificant thefe creatures may
appear to inattentive obfervers, Nature has been equally
provident in the formation of thejr bodies, and in the
means of preferving the different individuals, according
to their kinds, as in the larger animals, which have the

appearance
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appearance of more importarite in the fcale of "bcing.
To infe€s fhe has denied Tungs fithilar to thofe of mie
qu‘aﬁpéds, Jbirds, and fifhes ; But as the tranfmiffion of
air into their bodies was neceffary to continue the princi-
ple of life, fhe has furnifhed them ' Wirh'péculiar ‘inftr-
ments and apparatus for accomplifhing this indifpenfible
purpofe. . B> : : .
Air is conveyed into the bodies of infeds” by inftrir-
ments called trachée, or fligmata. Theé trachez, or wind-
pipes, ate, in many infects, long ‘tubes protruding ex-
ternally from different parts of the body. Infome, they
proceed from the pofterior part, dnd hive the dppearance
of one, two, or thrée tails; in others they arife from
the back or fides. The figmata ate finall hélés, generally
of a different colour from the reft 'of the body, and run
along the fides of 'many caterpillars in regular and beau-
tifully-dotted lines. That thefe trachez and ftigmata are
deftined for the tranfmiffion of air, has been proved by
repeated experiments ; for, when ftopped up by the ap-
plication of oil, or other uné&uous fubftances, 'the ani-
mals foon lofe their exiftence. s
_ In conteinplating the parts of animals, ‘when the ufés
of thefe parts are not apparent, we are apt'to deceive
bui'fe‘lvés'_%)"raﬂily fuppofing them to anfwer purpofes for
which they were never intended by Nature. Imprefled
with this idea, ‘M. de Reaumur was not fatisfied with the
notion of Godart and others, that the long tails of cer-
tain worms were intended to keep them fteady in their
motions, and to prevent them from rolling. "Reaunur
obferved, that thefe worms or grubs could lengthen or
thorten their tails at pleafure, but that they 'were :ﬂ'w'ays
longer than the animal’s body. Becaufe thefe tails hdve
fome refemblance to that of a rat, he diftinguifhes the
animals by the name of rat-tailed worms.  Thefe wornts
‘are aquatic, and never appear on dry ground till they ate
.about to undergo their firft transformation. Reaumur,
in order to obferve their ceconomy more clofély, colleéted
‘2 number of rat-tailed worms, and put them into a glafs
veflel filled two inches high with water. At firft ‘théy
were confiderably agitated, each feemingly fearching for
a proper
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roper place of repofe. Some of them fwam -acrofs,
others attached themielves to the ﬁdes, ‘and others refted
at the boLtom of the veffel. In a quarter of an hour they
were almoft entlrely tranquil, and Reaumur foon difco-
vered the real ufe of their long tails. Upon examining
the veflel, he found that each of the animals, in what-
ever ﬁtuauon they were placed, extended its tail exactly
to the furface,, that, like other aquatic infetts, the ref-
piration of air was neceffary to their exiftence ; and that
the tail, which is tubular, and open, at the extremity,
was the organ by which this operation was performed
In this experiment, the diftance from the bottom' to the
furface was two inches, and, of courle, the tails were
of an equal length. To difcover how far the animals
could extend their tails, this moft ingenious and indefa-
ngable phllofopher graduallv augmented the helght of
the water, and the tails uniformly rofe to“;%‘e furface till
it was between five and fix inches high. en the water
was railed higher, the amma]s immediately qmtted their
ftation at the bottom, and either mounted higher in the
water, or fixed upon the fides of the vefel, in fituations
which rendered it convenient for them to reach the fur-
face with the points of their tails. Thefe tails confift of
two tubes, both of which are capable of extenfion and
contra&lon, The firlt tube is always vifible ; but the
fecond, which is the proper organ of refpiration, is ex-
ferted only when the water is raifed to a certain height,
Through this tube the air is conveyed into two large
trachez or wind-pipes within the body of the animal,
and maintains the PrlnClple of life. When the tails are
below the furface, they occafionally emit fmall bubbles
of air, whlch are vifible to the naked eye; and immedi-
ately repair to the furface for frefh fupplies. Thefe rat-
tailed worms pafs the firlt and longeft part of their lives
under water ; when near the time of their transformatlop,
they leaye the water, go under the ground, and are there
transformed into chryfahdsz and laftly, from this ftate
they are transformed into ﬂles, and fpend the remainder
of their exiftence in the air.
Another fpecies of aquatic worms merit attention.
They
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They fréquent marfhes, ditches, and ftagnating waters.

Their géneral colour is a greenifh brown. Their bodies
confift of eleven rings; and their fkin is not cruftaceous,
but rather refembles parchment.  Though thefe animals,
before their transformation into flies, live in water, air
is necetlary to fupport their principle of life; and the
apparatus with which Nature has furnifhed them for that
important purpofe deferves our notice. ' The laft ring, or
termination of their bodies, is open, and ferves asacon-
ductor of air.  From this laft ring proceed a number of
hairs, which, when examined by the microfcope, ‘are
found to be real feathers with regular vanes.  In parti-
cular fituations, they bend the laft ring in fuch a' manner
as to reach the furface of the water or mud in which th

are placed. Thefe feathers prevent the water from en-
tering into the tube, or organ of refpiration ; and, when
the animal raifes the termination of its body to the fur-
face, in order to receive air, it erefts and fpreads the
feathers, and by this means expofes the end of ‘the tube
to the atmofpheré. When cautioufly cut open, two large
vellels, or trachez, appear on each fide, and occupy al-
moft one half of the body. Both of thefe wind-pipés
terminate in the open tube, or laft ring. Though' thefe
worms are furnifhed with organs of refpiration, and ac-
tually refpire air, yet M. de Reaumur difcovered that
fome of them could live more than twenty-four ‘hours

without refpifation. ;

' /S6 anxious is Nature to provide animals, in every ftate
of their éxiltence, with air, that, after the transformation
of many infe@s into chryfalids; fhe creates inftruments for
that purpofe, which did not exift previous to their trans-
formation. Fhe rat-tailed worms, formerly mentioned,
Toon after they are transformed irito chryfalids, inftead of
7 foft “pliable fkin, ‘are covered with a hard cruftaceous
fiibftance, feemingly impervious to the air; ‘and" the tail,
which’was the wind-pipe of “the ‘animal in its firft ftate,
“gradudlly vanithes.  In‘a“few ‘hours, however, four hol-
“Tow Horns fhoot out, two from the ‘fore, and two from
“the hind, part of what was the head of the ‘animal.!~ Thefe
e ' : horns,
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horns, which are hard and tubular, M. de Reaumur dif=
covered to be real wind-pipes, deftined!for the introduc-
tion of ‘air into the chryfalis, a ftate in which the animals
have the appearance of being almolt totally dead, and, of
courfe, thould feem to have little ufe for refpiration. He
likewife difcovered that thefe horns, which had pierced
the hard exterior covering, terminated in as many tra-
chea in the body of the animal. ‘This fa& affords a
ftrong example of the neceflity of air for fultaining the
principle of life, even in its loweft condition. ~After thefe
animals pafs from the chryfalis ftate to that of flies, they
are deprived both of their tails and horns. But Nature,
in this laft ftage of their exiftence, has not left them with-
out proper relources for the introduction of air into their
bodies.  Inftead of protuberant trachez in the form of
tails or horns, they now, like other flies, receive air b
means of ftigmata, or holes, varioufly difpofed over dif-
ferent parts of the body. ,
The nymph of the libella, or dragon-fly, refpires water
in the fame manner as men and quadrupeds relpire air.
We receive and throw out the air by the mouth and nof-
trils. But the nymphs jof the libella receive and ejett
water by an aperture at the termination of their bodies.
Thefe nymphs fometimes throw out the water, at certain
intervals, with fuch force, that the ftream is perceptible
at the diftance of two or three inches from their bodies.
When kept fome time out of the water, the defire or ne-
ceflity -of refpiration is augmented; and, accordingly,
when replaced in a veflel filled with water, infpirations
and refpirations are repeated with unufual force and fre-
quency. ' If you hold one of thefe nymphs in your hand,
and apply drops of water to the pofterior end of its body,
it inftantly, by an apparatus fimilar to the pifton of a pump,
fucks in the water, and the dimenfions of its body are
vifibly augmented. - This water is again quickly thrown
out by the fame inftrument. But, though this infet re-
fpires water, air feems to be not the lefs neceflary to
its exiftence ; for, like other infects, the whole interior
part of its body is amply provided with large and c<;nvo(i
¢ ute
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luted trachea; and, externally, there are feveral fligmata
deftined for the introduction of air *. Y -
The worms, or nymphs, of the ephemeron flies merit
attention. ‘Lhey have received the denamination of epher
meron, becaufe almoft none of them furvive the day in
which they are transformed into flies,; But, many of them
live not one hour after their transformation.. When in
the worm and nymph ftates, they generally live in holes
near the furface of the water ; and, under thefe two forms,
continue to grow till they are mature for pafling into the
lalt and fhortell period of their exiltence. Swammerdam
informs us, that fome of them remain three years under
water, others two, and others one, only. guring their
abode in this element, they are nourifhed and prepared for
their laft and fatal change. Immediately after the, males
have joined their mates, and the females have depofited
their eggs in the water, both perifh, but not before they
have left the rudiments of a numerous race of fucceflors,
As long as thele infeéts live in the water, to inattentiye ob-

fervers, their general appearance is nearly the fame. ,'Wjjm
they have pafled, however, into. nymphs, the velliges ;3”
wings may be perceived, which we look for in vain during
their firlt or worm ftate, - In both (tates, the infect which
is to become an ephemeron fly has fix legs attached to the
breaft. . The head is triangular, and from the bafe of each
eye proceeds an articulated feeler. . The body is compof-
ed of ten rings, from the laft of which three tails, that
1+ sbably perform the office of trachew, arife. Thefe tails,
in fome fpecies, are as Jong as the animal’s body, and are
fringed with hairs which have a refemblance to feathers,
But, what principally deferyes our motice on this fubjec
is, that, on each fide of the bedy, there are fix or feyen
protuberances, which have the appearance of fo many
oars. With thefe inftruments the animals defcribe arches
in the water, firft on one fide, and then on the other, with
aitonifhing rapidity. = This circumitance led Clutius, and
fome other authors, to think that thefe protuberances were
fins, or inltruments of motion, and that the animals were
fifhes. . But Reaumur remarked that they moved thele
| s et 08

* Reaumur, tom, 12, pag. 187. duod, edit, S, -
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fins with ‘the fame ‘rapidity when the animals were at reft
as Wwhen they were in motion ; and that, inftead of fins,
when ‘examined by the microfeope, he difcovered them to
be ‘gills, through which the creatures refpire. Each gill
confifts of a‘fhort trink, and two large branches, or tubes,
which ‘give off ‘on ‘all fides a number of fmaller ramifica-
tions, 'and are perfectly fimilar to the trachez of other in-
feds. “At 'the origin of every gill, two trachez penetrate
the trunk, and are difperfed ‘through the body of the ‘ani-

aal o o
“"Thotigh 'the ftigmata, or refpiratory organs, of ‘cater-
piflars and other infedts, were long known to ferve ‘the
purpofe df infpiration, yet it was uncertain whether the
animals ‘refpired by 'the fame orifices, till Bonnet, and,
after him, Reaumur, afcertained the fa& by many curi-
ous and ‘accurate experiments. The firft of thefe authors
immerfed ‘numbers of caterpillars, of different kinds,
and at different times, in water, and he obferved, both
‘with'the naked eye, and by the affiftance of a glafs, bub-
bles ‘of dir'iffuing from various parts of their bodies, and
‘patticularly from the ftigmata. "To remove all deception
om 'his experiments, Béfore immerfion, he carefully
moiftened the caterpillars with water, in order to diflodge
‘any ‘portions of ‘the external air that might be adhering
“to their bodies. 'Some of ‘them he allowed to remain fo
long under water, that they had every appearance of death.
He then raifed the head and the two anterior ftigmata
above the furface. - The head, and firft pair of legs, foon
began to move from 'fide to fide'; and the body neceflarily
partook of the fame motions. 'During thefe movements,
many bubbles of air iffued from the pofterior and inter-
mediate ftigmata, which ftill remained under water ; but
the membranous limbs continued nearly at reft.” He
next kept a caterpillar under water till all ‘motion ‘was
fufpended. Then he elevated the anus and the two laft
“ftigmata above the furface, that they might' have a com-
munication with the external air. "He kept the animal'in
this fituation about half an hour, without any fymptoms
‘of re-animation. After raifing the body fucceflively from
the laft to the firft pair of ftigmata, ftill the animal exhi-
bited
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bited no_ fymptoms of lifé ; buty when he expofed the
whole body to the exicrnal air for half an hour, the pow-
ers of life completely returned. = After __fufpendip% the
caterpillar about two hours with the laft five pair of ftigs

ata above the furface, he found that life was not exti
guithed. He then raifed the water till the anus and lafl
ir of [tigmata only were expofed to the atmofphere.
g;‘c allowed the caterpillar to remain in this fituation
amore than half an hour ; and he obferved that it often
bended its body with a view to reach the furface, and that,
during thefe efforts, bubbles of air iffued from the ante-
rior, but not from the pofterior, ftigmata, He likewife
remarked, that, on the f{malleft motion of the animal,
thefe bubbles were difcharged, but that they were
augmented both in quantity and . fize, in proportion
to the agitations of the body. = M. Bonnet immediately
raifed the water dill it covered the two laft ftigmata ; the
caterpillar was violently agitated ; but no bubbles of air,
‘the communication being cut off, appeared, and all mo-
tion ceafed.  He inftantly lowered the water, and expofed
the two pofterior [tigmata to the air; the animal reﬁx:mqa
it movements ; but in a moment after it expired. By
another experiment, M. Bonnet difcovered that a cater-
pillar lived eight days fufpended in water, during all
which time it breathed folely by the two pofterior ftig-
‘mata.” , ,
After thefe, and miny other fats of a fimilar kind,
which demonitrate that air is neceflary for the fupport
and continuation of animal life, it fhall only be remarked,
that, when caterpillars undergo their la({ change, and
appear in the form of flies of every denomination, Na-
ture has ftill furnifhed them with ftigmata, or refpiratory
organs. ‘
Reptiles of all kinds are likewife furnifhed with organs
of refpiration, Land-fnails, at the approach of winter,
bury themfelves in the earth, or retire into holes of rocks,
or of old buildings, where they remain in a torpid ftate
during the feverity of the feafon. For protection and
warmth, thefe animals, when they go into their winter
habitations, form, by means of a {lime or faliva that if-
fues
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fues from every pore of their bodies, a membranous co-
ver, which ftops up the mouths of their fhells. But this
pellicle, or cover, though apparently pretty hard and folid,
is fo thin and porous as not entirely to exclude the en-
trance of air, without which the principle of life could
not be continued. Accordingly, when, by accident, the

ellicle is made too thick, and prevents a communication
with 'the external air, the animal, to remedy the evil,
makes a fmall aperture in its cover. In this ftate fnails
remain fix or feven months, without food or motion, till
the, genial warmth of the fpring breaks their flumber, and
calls forth their active powers. Hence it thould appear,
that air is more neceflary to the prefervation of animal
life than food itfelf; for, in numberlefs inftances, ani-
mals can live, not- for days or weeks, but for months,
without fupplies of nourithment. None of them, how-
ever, are capable of exifting nearly fo long without hav-
ing fome communication with the air.

With regard to fhails that live in frefh waters, or in the
ocean, the fpecies of which are numerous, their manner
of refpiring is fingular. All of them have an aperture
on the right fide of the neck. This aperture ferves the
complicated purpofes of difcharging the faxces, of lodg-
ing the organs of generation, of afcending and defcend-
ihg in the water, and of refpiration. - They are frequently
obferved to ftraiten the orifice of this aperture, to flretch
it out in the form of an oblong tube; and, in this ftate,
they rife to the furface, in order to expel the former air,
and take in a new fupply.

But, though air feems to be an indifpenfible principle
of animal life, yet many animals can live longer without
the ufe'of ‘this element, or at leaft’ with fmaller quaunti-
ties of it, than others. FEven men, by long practice,
acquire the faculty of retaining the air in their lungs for
an almoft incredible length of time. Some of thofe
wretched creatures who are compelled by tyranny to dive’
for pearl-oyfters, have been known to continue undéxr
water three quarters of an hour without receiving a frefh
fupply of air. Thofe animals which lie torpid duﬁyg'
the winter, as the hedge-hog, the dormotfe, the marmot,

&ec,
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&ec. though perhaps not entirely deprived of all commu-
nication with the air, exift, without any apparent brea-
thing, till the heat of the fpring reftores their wonted
powers of life, when the refpiration of air becomes again
equally neceflary as before their torpor commenced. The
toad, like all the frog-kind, is torpid in winter, At the
approach of winter, the toad retires to the hollow root
of a tree, to the cleft of a rock, and fometimes to the
bottom of a ditch, or pond, where it remains for months
in a {tate of feeming infenfibility. In this laft fituation,
it can have very little communication with the air. = But
ftill the principle of life is continued, and the animal re~
vives in the fpring. 'What is more wonderful, toads have
been found, in a hundred places of the globe, inclofed
in the heart of folid rocks, and in the bodies of trees,
where they have been fuppofed to exift for centuries,
without any apparent accefs either to nourifhment or to
air ; and yet they were alive and vigorous. In the Me-
moirs of the Academy of Sciences for the year 1719,
we have an account of a toad found alive, and healthy,
in the heart of an old elm, Another, in the year 1731,
was difcovered, near Nantz, in the heart of an old oak,
without any vifible entrance to its habitation.. From the
fize of the tree, it was concluded, that the animal muft
have been confined in that fituation at leaft eighty or a
hundred years. In the many examples of toads found
in {olid rocks, exat impreflions of the animals bodies,
correfponding to their refpettive fizes, were uniformly
left in the ftones or trees from which they were diﬂod.g.
ed; and, to this day, it is faid, that there is a marble
chimney-piece at Chatfworth with a print of a toad in it;
and a traditionary account of the place and manner in
which it was difcovered. :
Thefe, and fimilar faéts, are fupported by authorities

fo numerous and fo refpectable, that it is unneceflary to
quote them. Many abortive attempts have been made
to account for an animal’s growing and living very long
in the fituations above defcribed, without the pofibility
of receiving nourithment or air ; efpecially. as,: like all
other animals, when put into an exhauited receiver, the

toad
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toad foon lofes its exiftence. Upon this fubje&t I fhall
only hazard two obfervations. The toad, it is well known,
when kept in a damp place, can live feveral months with-
out food of any kind, though, in its ftate of natural
liberty, it devours voracioufly fpiders, maggots, ants, and
other infe&s. Here we have an inftance, and there are
many, of an animal whofe conftitution is fo framed by
Nature, that it can exift feveral months without receiving
any portion of food. According to our ideas of the ne-
ceffity of frequent fupplies of nourifhment, it is nearly
as difficult for us to conceive an abftinence of four or fix
months as one of as many years, or even centuries. The
one fa&, therefore, though we are unable to account for
either, may be as readily admitted as the other. The
fame remark is equally applicable to the regular refpira-
tion of air. The toad, and many other animals, from
fome peculiarity in their conftitution, can live very long
in a torpid ftate without feeming to refpire, and yet their
principle of life is not entirely extinguithed. ' Hence the
toad may, and atually does, live many years in fituati-
ons which exclude a free intercourfe with the external
air.  Befides, almotft all the above, and fimilar facs, muft,
from their nature, have been difcovered by common la-
bourers, who are totally unqualified for examining every
circumftance with the difcerning eye of a philofopher.
In rocks there are many chinks, as well as fiflures, both
horizontal and perpendicular; and in old trees nothing
is more frequent than holes and vacuities of different di-
menfions.  Through thefe fifures and vacuities the eggs
of toads ‘may accidentally be conveyed by water, the pe-
netration of which few fubftances are capable of refifting.
After the eggs are hatched, the animals may receive moi-
fture, and fmall portions of air, through the crevices of
rocks, or the channels of aged trees. But, I mean not
to perfuade; for I cannot fatisfy myfelf. All I intend
is, to recommend to thofe gentlemen who may hereafter
chance to fee fuch rare phznomena, a itri¢t examination
of ‘every circumftance that can throw light upon a fubje&
fo dark and myfterious ; for the vulgar, ever inclined to

% D3l render
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render uneommon appearances {till more marvellous, are
not to be truited. 4 :

- From the facts I have enumerated, it is apparent that
airy in certain propertions, according to the {tructure and
conftitution of every animated being of :which we have
any knowledge, is indifpenfibly neceflary for the exiftence
and continuation of animal life. ~ Not only men, quadru-
peds, birds, fithes, reptiles, and the larger infetts, but
even fleas, mites, the minute eels found in pafte or in
vinegar, and the animalcules produced by infufing ani-
mal or vegetable fubftances in water, inevitably perifh
when deprived of this all-vivifying element.

With regard to plants, air is fo neceflary to their ex-
iltence, that they do not vegetate in an exhaufted recciver,
Plants, as formerly mentioned, are furnifhed with nume-
rous air-veffels, or refpiratory organs. They ablorb and
tranfmit air through every pore. When placed in an ex-
haufted receiver, the air contained in every part of their
{fubltance is foon extraéted; and, in proportion as this
air is likewile pumped out by the machine, the flowers
and leaves {how evident fymtoms of debility ; they be-
come flaceid, pendulous, and affume a fickly appearance ;
and, if retained in that fituation a certain length of time,
their vegetating powers are irrecoverably extinguifhed.

. Upon the wholg, as the air we continually breathe is
an univerfal menftruum, and, of courfe, liable to be im-
pregnated with exhalations from every fubftance to which
it has accefs, the great importance of perfonal, as well
“as of domeftic, cleanlinefs, is an obvious refleGtion. . In
building towns or houfes, the fituation, with regard to
air, is a capital object. The vicinity ‘of marfhes, of
ftagnating waters, of manufatures of. tallow, oil,  fal-
ammoniac, the fmelting or corroding of metals of every
kind, and many other operations which contaminate the
air, fhould be either avoided or removed, as they are the
pelts of our fenfes, and the poifoners of our: conflituti-
ons.  Even in northern climates, houles furrounded with
Arees, or in the neighbourhood of lyxuriant vegetables,,
ate always damp, and infefted with inleéts ; and /hence.
the ambient air is replete with the feeds of ' difeafe, . Pre-
' cautions
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cautions of this kind are ftill more neceflary in- hot cli-
mates.  Air, like other menftruums, abforbs a greater.or
lefs proportion of the particles of bodies, according to its
degree of heat. . In Madrid, however, in Conftantinople,
and in many other cities of warm regions, the houfes are
crowded together, the ftreets are narrow, and. covered
with filth of every kind. . We cannot, therefore; be fur-
prifed, that human beings exifting in fuch fituations fhould
be fo frequently infected with peftilential difeafes.

CHAPTER 1IV.
Of Motion.

MOT_ION, in the opinion of Ariftetle, and the ad-
mirers of antient philofophy, can only be produced .
by mind ; and hence they define mind. to be the power of
moving, - By the fame mode of reafoning, it may be faid
that 7¢/25 or inactivity, is the power of being moved. But
fuch fpeculations are foreign to the nature of this work,
and perhaps fruitlefs in themfelves. Though it is impof-
fible to give an unexceptionable definition of motion, the
phanomenon itfelf is obvious to every man’s fenfes.

All the terreftrial objeéts which prefent themfelves to
our obfervation are; with.regard to motion, diftinguithable
into two general claffes. . The firlt confifts of thole which
arc endowed with a fpontaneous, or {felf-moving, power,
and with fome qualities, and affeftions fimilar  to thofe
of our minds.i- The fecond confifts of all thofe objeétsin
which no fuch qualities and afleCtions appear, and are of
a nature.fo paflive, that they never move of themfelves,
nor, when put in motion, do they ever ftop without fome
external influence or refiftance. The firft clafs of objecls,
from  their poffefling the power of fpontaneous motion,
and other. qualities peculiar to animated beings, are eafily
diftinguifhed from body, or matter, which is totally. de&

prive
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prived of all thefe qualities. In confequence of its paffive
nature, matter not only never changes its {tate without
external force, but refifts when any fuch change is at-
tempted to be made. When at reft, it cannot be put in
motion without difficulty ; and, when in motion, a cer«
tain force is required to ftop its courfe. The force with
which matter perfeveres in its ftate, and refifts any change,
is called its wis inertie, and is always proportional to the
quantity of matter in any particular body. When we
double or triple a body, we uniformly find, that the force
requifite to move it with equal celerity muft likewife be
doubled or tripled. Thefe, and fimilar facts, which are
refults of perpetual experience, thow that body is equal-
ly indifferent to motion and reft; that this indifference
feems to be the natural confequence of the moft abfolute
inactivity ; and that the power of beginning motion is
peculiar to aétive and intelligent beings. Leaving, there-
fore, all metaphyfical fpeculations on this fubjett, we fhall
give fome remarks upon the motions of animals.

In general, all the progreflive motions of animals are
performed by the inftrumentality of muicles, tendons, and
articulations. The operation of mufcles depends upon
fome unknown influence derived to them from the brain
and nerves. Hence the brain and nerves are the fources
of every motion, as well as of every fenfation. With
regard to the caufes which determine the ations of ani«
mals, thele muft be referred to fenfation, and the confe«
quent exertions of intellect. The firlt impreflion an object
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