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THE

E s L ECT WORKS

- OF

ANTONY EAN I%J'EEUHT ENHOEK,
/%-::r:c-'mmmc HIS
MISCROSCOPICAL DISCOVERIES
IN MANY OF THE WORKS OF NATURE.

TR&NﬁLATfD FROM THE DUTCH AND LATIN EDITIONS PUBLISHED BY THE AUTHOR,

By SAMUEL HOOLE:

PART Ttue FIRST.

Wanneerje fchoone dingen fiet,
Vergaept u aen het fchepfel niet ;
Oock wilt daer op niet blyven ftaen,
Maer laet uw’ finnen verder gaen ?
Ey klimt ! o lieve, klimt om hoog,
En metten geeft, en mettet ooz ;
En fiet, dat gy tot hem genaeckt,
Die al wat fchoon is heeft gemaeckt.
Fac. Cats werken, tweede deel pag. 400, "tDruk, 1720,

Inde hominum pecudumque genus, vitzeque volantum,
Et quz marmoreo fert monftra fub ®quore pontus.
Firg. &n. vi. 728, 729,

“ Lo, thefe are parts of his ways: but how
little a portion is heard of him ?
Fob. xxvi. 14.

LONDOMN:
PRINTED BY HEMRY FRY, FOR THE TRANSLATOR,

And Soldby Georce Nicor, Bookfeller to His Majefty, Pall-Mall ; J. WHiTE,
Fleet-Street ; J. & A. ArcH, Gracechurch Street ;
and J. WricHT, Piccadilly.

M,DCC,XCVIIL.






i i ——r— e o e R

ADYERTISEMENT,.

THE f{ollowing tranflation was begun from the Latin Edition
publifhed in Holland, but after the tranflator had proceeded in the
work as far as the conclufion of the fubjeéts defcribed in the two
firft plates, he obtained from Holland the original Dutch Edition.
He has carefully compared the two verfions, and finds that the
Dutch is faithfully rendered in the Latin, and confequently that the
fenfe of the author is not injured by the Englifh being fo far taken
from thence. The learned reader may himfelf form a judgment
of this, by the following paragraphs, taken from the Dutch and
Latin Editions, whereto an Englifh tranflation is {ubjoined, and in
which care has been taken to follow the Dutch original as literally
as pollible.

“ Wy willen dan hoopen, dat de onderfoekers der natuurlyke
¢ zaken, die tot nog toe verborgentheden dieper en dieper fullen
op delven, om alfoo meer en meer de waarheid voor de ocogen
gellelt hebbende, van veele oude dwalingen, een afkeer te doen
“ krygen, waar na alle die de waarheid lief hebben behooren te
“ tragten. Want wy en konnen den Ieer en Maaker van ket gebeel
“ Al, niet meer verbeerlyken, als dat wy in alle zaken, hoe klein die ook
““ 1 onfe bloote oogen mogen zyn, als ze maar levenen wasdom bebben
“ ontfangen, zyn Al-wyfbeit en Volmaaktbeit, met de uiterfle verwon-
dering fien uit fleken.”

=

-
-

-

Leeuwenhoeks Bricven, gofte miffive.

“ Speramus ergo natur@ indagatores omnem in pofterum in id
“ impen{uros operam, ut ea, queae adhuc in ejus finu occulta latent
“ ulterius in propatulo ponant, atque ita in hominibus, veritatis
“lumine illufiratis, antiquorum errorum ingenerent faflidium;
“ quod omnium veritatem amantium ftudium efle decet.  Nou enim
 bujus wniverfi Dominum alque Opificem melius nos glorificare poffe






INTRODUCTIQN.

T[.] thofe who are acquainted with the works of Mr. Leeuwen-
hoek, or who have been much converfant in Microflcopical Studies,
this Introduttion may appear unnecellary: but thofe to whom the
fubjett is new, will find fo many wonders laid open to their view,
as perhaps to induce a doubt of the Author’s accuracy in his
obfervations, or his veracity in his narrations. Indeed, the ex-
treme minutenefs of many of the fubjeéts on which he treats, is in
[ome inftances beyond the reach of our capacities to comprehend®.

* The Speflator, in one of his papers on the Pleafures of the Imagination, bas a paflage
fuil to the prefent purpole, which is as follows:

¢ Nothing is more pleafant to the faney, than to enlarge wlelf by degrees, in its con.
¢ templation of the various proportions which its feveral objefis bear to each other, when
* it compares the body of man to the bulk of the whole earth, the carth to the circle it
¢ delcribes round the fun, that circle to the fphere of the fix'd ftars, the Iphere of the
¢ fix'd fkars to the circuit of the whole creation, the whole creation idelf to the infinite
¢ {pace that is every where diffufed about it: or when the imagination works downward,
¢ and confiders the bulk of a human body, in refpeét of an animal a hundred times lefs
¢ than a mite, the particular limbs of fuch an animal, the different {prings which aftuate
¢ the limbs, the fpirits which fet thele fprings a going, and the proportionable minute-
¢ nefs of thele feveral parts, before they have arrived at their full growth and perfeétion.
* Buuil, atter all this, we take the leall particle of thele animal {pirits, and confider its
* capacity of being wrought into a world, that fhall contain within thole narrow dimene
“ fions a heaven and earth, ftars and planets, and every different fpecies of living crea-

a
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although we may be fully affured of their exifience. In fa, it
appears by Mr. Lecuwenhoek’s writings, that the difficulty now
ftated, was made a matter of objeétion by feveral of his co-tem-
poraries, therefore the following paffage in his own words, will
ferve to flate the objeftion, and the manner in which it was an-
fwered by the Author himfelf.

-

-

-

“I have often heard, that many perfons difpute the truth of
what I advance in my writings, faying that my narrations con-
cerning animalcules, or minute living creatures, are merely of
my own invention. And, it feems, fome perfons in France have
even ventured to affert, that thofe are not in truth living
creatures, which I defcribe as difcoverable to our fight, and al-
ledge, that after water has been boiled, thofe particles n it

tures, in the fame analogy and proportion they bear to each other in our own univerfe ;
fuch a [peculation, by realon of its nicety, appears ridienlous 1o thale who have not
turned their thoughts that way, though at the fame time it iz founded on no lefs than
the evidence ol a demenflration. Nay, we may yet cany it farther, and difcover in
the fmallell particle of this linle world, a new inexhaulted fund of matter, capable of
being {pun out into another umverfe,

¢ T have dwelt the longer on this {ubjeft, becaufe I think it may fhew us the proper
limits, as well as the defeltivenels of our imagination ; how it is confined to a very
fmall quantity of fpace, and immediately flopt in its operations, when it endeavours o
take in any thing that is very great, or very little. Let a man try to conceive the dif-
ferent bulk of an animal, which is twenty, from another which is a hundred tmes lefls
than a mite, or to compare in his thoughts, a length of a thoufand diameters of the
earth, with that of a millien, and he will quickly find that he has no different mealures
in his mind, adjufted to fuch extraordmary degrees of grandeur or minutenels. The
underftanding, indeed, opens an infinite fpace on every lide of us; but the imagination,
after a few faint efforts, 1s immediately at a ftand, and finds herfelf fwallowed up in the
immen{ity of the void that furrounds it: our realon can purlue a particle of matter
through an infinite variety of divifions ; but the fancy foon lofes light of it, and feels in
ifell a kind of chalm, that wants to be filled with matter of more fenfible bulk. We
can neither widen, nor contraét the faculty to the dimenfions of either extreme. The
objeft is too big for cur capacity, when we would comprehend the circumference of a
world ; and dwindles into nothing, when we endeavour after the idea of an atom.’

* SPECTATOR, No. 420
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which I pronounce to be amimalcules will be fiill obferved to
move. The contrary of this, however, I have demonflrated to
many eminent men, and I will be bold to fay, that thofe gentle-
men who hold this language, have not attained to a degree of
proficiency to oblerve {uch objeéts truly. For my own part, I
will not fcruple to aflert, that I can clearly place before my eye
the fmalleft pecies of thole animalcules concerning which I now
write, and can as plainly fee them endued with life, as with the
naked eye we beheld fmall flies, or gnats [porting in the open
air, though thele animalcules are more than a million of degrecs
lefs than a large grain of fand. For I net only behold their
motions n all directions, but I allo fee them turn about, remain
(till, and fometimes expire; and the larger kinds of them I as
plainly perceive running along, as we do mice with the naked
eye. Nay, I fec fome of them open their mouths, and move the
organs or parts within them ; and I have difcovered hairs at the
mouths of fome of thele fpecies, though they were fome thou-
fand degrees lels than a grain of {and.

¢ But fince it i1s pronounced to be incredible, that within the
{pace occupied by a grain of fand {o many animalcules can be
contained, and that it is impofiible for me to calculate truly fuch
numbers, I have thought on the following method of computa-
tion, to place this matter in a clearer light. I lay it down as a
pofition or truth, that with the microfcope I can fee the fpace
occupied by a grain of fand* magnified to the fize reprefented
by the circle ABGC. Next, I fuppole that I obferve within
this fpace an animalcule {wimming or running along, and ap-
pearing of the fize reprelented at D. Taking the meafure of
this by my eye, I conceive the axis or thicknels of the animal-
cule thus piftured at D, to be the twelfth part of the axis of the

# ¢ A grain of fand the Anthor in ancther place defcribes to be of that fort called
feowering fand, or glafs-grinders fand,
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* grain of fand repreflented by ABG C; therefore, by the com-
* mon rules of arithmetic, the folid contents of a {phere or globe
¢ whofe circumf{erence 1s delcribed by the circle ABG C, will be
¢ 1728 times larger than a {phere of the fize of D. Next, I ob-
¢ ferve another kind of animalcule, which, meafuring by my eye
¢ through a good microfcope, I judge the axis or thicknefs of it
‘ to be one fifth, but fuppole it only a fourth part of the fize of
the firlt animalcule D, fuch as 1s reprefented by the circle E,
and then, by the fame rule, the fize of D muft be 64 times larger
than that of E ; and if this laft number be multiplied by the for-
mer, (1728) we fhall find that 110,592 animalcules of the fize of
E, (fuppofing their bodies to be of a fpherical figure), will be
¢ required to make up the fize of the fphere ABGC., Lallly, I
¢ perceive a third kind of animalcule, the fize of which appears
* to be only a tenth part of the animalcule at E, fuch as the point
¢ at F denotes; and that confequently one thoufand of thefe will
¢ be no more than equal to the fize of that at E. And, if this
¢ number be again multiplied by the former, it will be plain to
¢ demonftration that more than an hundred millions of animal-
¢ cules can be contained within the compafs of a grain of fand*.’
This pallage refpeéts the fize of animalcules, which the Au-
thor reprefents by comparifon with the known fize of a grain of

"

.

-~

# ¢ The [olid contents of {pheres bcing in the fame proportion as the cubes of their
¢ axes, the mathematical demonftration of the Author's pofition is fet down by him

¢ thus :—
12 4 10 1728
12 4 10 by
144 10 100 G2
12 4 10 10468
1728 £y 1000 110,502

1000

110,592,000
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fand ; other minute objefts which he frequently delcribes, are,
the veflels in the bodies of infets, the threads of Spiders, the
filaments or threads of wool, the fibres compofing the flefh of
animals and the like. All thefe he confliders as of a cylindrical
form, that is to fay, if hollow, like a round pipe, and, if folid, like
a round flick, wire, or rope, and he conveys to his readers an
idea of their minutenels, by comparing them with the known fize
of a fingle hair. The method ufed by him in afcertaining this
proportion he delcribes as follows :

¢ In examining the inteltines of flies and other infetts by the mi-
¢ crofcope, I have dilcovered veflels conveying the blood and
¢ juices, the fmalleft ramifications or branches whereof appeared
‘ to me more than two hundred thouland times lefs than an hair
< of my beard. And I will here explain how I compute this pro-
‘ portion, which to many may appear wonderful,

“ I have a plate of copper, with many lines engraven on it, and
¢ divided into a number of fmall equal parts. I then carefully ob-
¢ ferve how many of thefe parts one hair taken from my beard,
¢ and feen through the microfcope, appears to cover. Suppofing
« that the diameter of this hair, when inagnified, appears equal
“to fifty of thole parts, then with the point of a needle I
¢ trace on the copper a line of the fame fize by the naked eye
“as is equal to one of thofe fmall veins or veflels in a fly, feen
¢ through the microfcope ; and I find that nine of thofe {mall lines
“ fo traced with a needle, when placed clofe together, are a fiftieth
¢ part of the diameter of the hair. If then 450 diameters of thofe
¢ [mall veins which I moll plainly fee in a fly are no more than
¢ equal to the diameter of one hair taken from my beard, it fol-
¢ lows,* by the rules of arithmetic, that one of fuch hairs 1s more

#* ¢ Mr. Leeuwenhoek here confiders the hair to be round, as well as the fmall vellels
* he alludes 1o, and fuppofing each of thefe to be cut through or acrofs the middle, the
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¢ than 200,000 times larger than thofe very fmall blood veffels in
‘afly’

The author fometimes computes the fize of fmall objects by
aliquot or equal parts of an inch, and, for the more readily
placing thefe before the reader’s view, the tranflator has fubjoined
a {cale of inches divided into feveral dilferent numbers ol equal
parts, and in each of thefe divifions is marked the proportionate
fize of the fame number of parts in a fquare inch.

Further, at HIK L, is given a reprelentation of a cube, and
at M NOP, a drawing of a cylinder, in order to convey an idea
of thofe figures to fuch readers as have not been much converfant
in the dottrine of folids. The number of parts or circles con-
tained in the cylinder, will not be found to anfwer [o exattly to
the arithmetical computation as thofe in the cube, and this is oc-
cafioned by the interftices or {paces between the circles in the
cylinder; which only touch each other in a point.

¢ feftion would exhibit a circle. Now the areas of circles being in proportion to the
“ fquares of their diameters, the Author’s propofition is mathematically demonftrated
* thus:

450

450

22 500

1800

202,500
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Or . TtTHE OAK,

The Nature of it's Produllion ; the different Degrees of Goodnefs in
Qak Timber ; and the Caufes of that Difference. The Author's
Opinion as to the proper Seafon for felling Timber.

IN order to form a true judgment of the nature of this Tree,
and the better to comprehend the following deferiptions of
the #* vellels which compole the fame, let us firft attend to
Plate I. fig. 1+, BCD, and imagine 1t to reprefent the furface
of an Oak when cut tran{verfely or acrofs the middle, on which
furface eighteen circles appear; which circles are the clear
and undoubted marks of eighteen years growth, the tree being in-
creafed every year by the addition of one circle, (and in the lat-
ter of thofe years the circles are the largeft, though not all of
equal magnitude, but in proportion to the fertility of each year.)
The fmall portion of this wood, defcribed in the next figure is
marked in the fixteenth circle by the letter E. Farther, fuppolfing
the tree to be {awn acrols, as above-mentioned, and afterwards
planed or polifhed, we fhall obferve throughout the furface,
{lreaks or creafes, reaching from the centre A, to the circum-

* By the word vellels, are to be underfload, throughout this Work, fmall tubes, oc
pipes, running in different diveétions, in the {ubjeis treated of.

t Tlus figure, which’in the original, is only fo many circles, the Tranflator has caufed
to be engraved from a piece of Oak of the Gize here deferibed ; at F is reprefented a kno
which was in the tree,

A




G2 )
ference B, and thefe are veflels conveying the nutritive juices of
the plant outwards towards the bark, as in the next figure will
be more fully explained.

Fig. 2, A B CD, reprefents a inall piece of Oak, drawn as nearly
as could be done, according to its appearance feen through a mi-
crofcope, prepared by me for that purpofe, and which piece of
wood appears to the naked eve of the fize reprelented at fy. 2,
X

The dark fhades at FF, FF, indicate the part where, towards
Autumn, the vegetation and increale for that year ceale, and about
this time, and in this part, the wood becomes exceeding hard, being
compofed of fuch fmall veflels, that it 1s diffhcult, and at laft im-
pollible, to di{linguiih them, for which reafon they aflume the
appearance of dark {treaks or {hades. Between the letters FF, F I,
is contained that {pace, or thicknefs, which the tree acquires
through its circumference, in the fpace of one year.

This fpecies of timber tree, has five different kinds of veffels,
three rifing perpendicularly, and two extending, or fpreading hori-
zontally.

E EE, reprefent the firlt fort of thefe perpendicular veffels,
which are very large, and are produced in the {pring, with the
firlt rife of the fap. The infides of thefe veflels are full of a kind
of veficles, or little bladders, compolfed of very thin membranes,
or {kins, and thefle are to be feen in fig. 3, where at the letters
L K I M, is reprefented a feiion of one of thele large vellels, di-
vided longitudinally, and feen through the microfcope.

The fecond fort of thefe perpendicular veflels is much {maller,
and is alfo compoled of exceeding fine membranes, intermixed with
a kind of fpots, which by the microflcope, appeared to my eye like
globules, or little balls, as reprefented in fg. 4, O N, which exhi-
bits one of thefe fecond fized veffels, divided longitudinally.

The third kind of thele perpendicular vellels is exceeding {mall,
but in great numbers: likewile compoled of exceflively minute
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membranes, and thefe are allo reprefented when cut longitudinally,
or lengthways, at fig. 4. P Q.

All thefe perpendicular veflels, which are found in fo [mall a
piece of wood as that before reprefented, and which in fize, is
about the ninetieth part of a fquare inch, do amount in number,
in my opinion, to twenty thoufand ; fo that an Oak tree of four
feet in circumference® contains, according to my computation,
more than three thoufand two hundred millions of thele perpen-
dicular veflels, and in a tree of no more than one foot in circum-
ference, will be found two hundred millions of fuch veflels.

Thefe perpendicular veflels do, for the moft part, infufe, or inftil
their juices into other veflels, which are almoft innumerable, lying in
an horizontal pofition in the tree, and by the means of which 1t’s
bulk or thicknefs is daily increafed : thefe vellels are of two forts.

Fig. 2, G GG, reprefents one fort of thele horizontal veflels,
which originally, or at the firlt formation of the plant, are derived
from the marrow, or pith, in the centre of 1t; but afterwards, in
great numbers, take their origin from the perpendicular veffels,
. Thefe vellels appeared to my eye like dark ftreaks ; butin order to
examine them more clearly, I cut a piece of the wood lengthwile,
fo that they were cut exaétly acrofs, and then each of them ap-
peared to be formed of five, fix, or even feven veflels joined one
on another, as they are repreflented in fg. 4, intermixed among the
perpendicular veflels,

The other fort of horizontal veflels, lying in great numbers
or clufters, clofely joined to each other, though not evenly dif-
fufed throughout the wood, when examined in their horizontal
pofition, appear as in fig. 2, A B, or C D, (but when cut tranl-
verlely, they are reprefented as feen by the naked eye, in fg. 5,
R S,) and where they are reprefented magnified and feen longitu-

* The circumference of a circle being about three times it's diameter, a tree of four

feet in circumference, will be fixteen inchies in diameter, and one of a foot in circumfer-
ence, four inches diameter, the fize reprefented in fig. 1.
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dinally in ffg. 2, I have in many places drawn crofs lines, to re-
prefent what 1 conceive to be minute valves, and though I could
not fee them fo diftinétly, as here they are drawn, yet I cannot
doubt of their exiftence, having frequently feen thefe valves in
other woods, and particularly, very diftinétly in the Elm ; befides,
it feems evident to me, that without fuch valves the tree could not
be increaled in its bulk, on account of the great force required to
feparate and loofen the bark from the tree, in the time of {pring,
and alfo for the violent burfting open of the bark, to allow for the
growth and increale of the wood: and if there were not fuch
valves, the juices, which, by the aflion of the fun are drawn
outwards, would, at fun fet, when that motion of the juices
ceafes, be drawn back again, and their exertions to diftend the
bark become fruitlefs. A portion of thele vellels is reprelent-
ed in fig. 4, TV, which figure is drawn from a microfcope of
greater magnifying power than that from which the perpendicular
vellels are drawn, in order that thefe horizontal ones may be more
clearly feen: and in this fmall piece of wood, and in this little
{pace, which is no more than the feven hundredth part of a
{fquare inch, are more than two thoufand vellels.

It 1s well known that there is a great difference in Oak Timber,
namely, whether it grew in mountainous fituations, or low lands,
and whether 1n warmer or colder climates, and laftly, whether it
was of quicker, or {lower growth. As to the {pecimen of Oak
which has been juft defcribed, it was taken from a tree of the beft
quality, very compatt and clofe grained, and which had been very
flourithing in 1ts growth,

Oak timber of this fuperior quality we muft not expeét to find
in the Northern or cold countries, but in the warmer ones. The
very beft timber that we have here, in Holland, is brought down
the Rhine from the places of 1ts growth, which are nearly in the
fame parallel of Northern latitude with ourfelves, The Oak
which we have from Riga, Koningfberg, and Dantzick, is very
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perifhable, and of a fpongy nature, becaufe it grows in a colder
climate, and increafes in 1t’s bulk much more flowly than that be-
fore-mentioned ; but yet this wood, though fo perifhable, is deemed
the beft for making beer-barrels, becaule it does not impart any ill
tafte to the beer, the realon of which I take to be, that in cold
climates the Oak does not acquire fo much acrid falt as it does
in warmer ones; but I do believe, that if the better fpecies of
Oak, after being cleft into ftaves, were to be foaked in water for a
certain time, this acrid falt would be extrated from it, and that
the cafks made of it would be greatly {uperior to thofe made of
Riga Timber,

The Oak, as has been before obferved, in the beginning of its
growth every {pring, produces very large vellels, but the reft of the
year much {maller ones ; confequently, when the tree fo flourifhes
as to acquire an increale in it’s femi-diameter, or on one fide of
it's outward furface, of one half, one third, or a quarter of an
inch, there will be in this fpace only one feries, or row of fuch
large vellels ; but on the contrary, where the increafe 1s {low,
then, within the fame fpace of one half, one third, or a quarter of
an inch, there will be formed from twenty to ten, or eleven fuch
rows of large vellels, This great number of large veflels in fo
{mall a [pace, not only renders the wood very porous and brittle,
but allo very perifhable, efpecially if it is ufed in works expofed
to much moifture, and where there 15 no free current of air: and
hence it is, that fhips built of French or Englilh Oak, are much
more durable than thofe built of timber growing in the more
Northern and cold countries.

In order, more clearly, to explain the nature of the bell Oak
timber, let us revert to fr. 2, reprefenting a portion of a tree
which, in one year, had acquired in thicknels almoft a fixth part
of an inch in it’s femi-diameter, or one third of an inch in the
whole, and in this fpace, one row or circle, and no more, of the
very large vellels, before delcribed, had been formed, Then, to
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difcern the difference between this timber and that brought from
Riga and Koningfberg, let us attend to fz. 6, ABCDEF,
wherein is exhibited a fmall piece of fuch timber cut tranfverfely,
and drawn from the microfcope.

The piece of wood which, in this figure, is reprefented by
A BC, or DEF, contains about the fifteenth part of an inch in
length®, and this length, or rather this thicknefs, the tree had ac-
quired in two years growth, {o that A B denotes the thicknels
produced in the tree in one year, and is about the thirtieth part
of an inch in length; B C or E D, indicate the increafe of the
following year; A B C and F E D reprefent the larger horizontal
vellels, which in fig. 2, are explained by AB or CD; and the
dark lines H H H H, indicate the fmaller horizontal ones, which
in fig. 2, are delcribed by G G G: all the round cavities, of
which there are three different fizes reprefented in this figure, and
which are found within the compafs of the thirtieth part of an inch;
in length, are the three different forts of perpendicular veflels
before defcribed. Hence we fee that in a tree, which 1s
augmented in fize, in it’s femi-diameter, one inch, or in the
whole diameter two inches and no more, in the growth of
thirty years, there will be formed thirty rows, or feries of
large vellels: from whence it follows, that the greateft part of
Qak Timber, of fuch {low growth, muft be very foft and perifh-
able: and if on the other hand we conflider, that Oaks growing
in a warmer climate may, in one year, increafle in fize, mn their
femi-diameter half an inch, or an inch in their whole diameter, we
may eafily perceive how large a portion of wood will be formed
in them, having only one row of the large veflels in 1t, and how
firm, folid, and durable fuch wood muft be.

Let a tree of flourifhing growth be increafed in magnitude, in
the fpace of a year, one fourth part of an inch, in fuch a fpace

# This fize 13 1'cprct'cmcd in_fig. 6. at X.
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will be produced one circle of the large veflels; another tree
growing in a colder climate fhall require eight or ten years growth
to increafe in the fame degree: in this lait tree, within the fourth
of an inch [pace will be formed eight or ten circles of large veifels,
the neceflary conclufion is, that Oak Timber growing in cold
climates muft be foft and perifhable, and it muft be acknowledged
that Qak timber growing in this country of Holland, is fuperior in
quality to that produced in more Northern latitudes : again, that
the Oak Timber of Brabant and Flanders, is fuperior to ours, and
laftly, that the French and Englifh Oaks are the molt excellent
of all.

One thing muft however be confidered, which is, that the very
largelt Oaks are not always fo valuable as trees of a more moderate
fize, that is to [ay, if they were of good growth, and are {ree from
decay ; for though large trees, in the firft thirty, forty, or fifty
years may grow very falt, and produce excellent timber, yet
when they come to the age of an hundred, or an hundred and
twenty years, the circles of wood added every year, become very
narrow, and the thicknels increales flowly, fo that the large
veflels in the wood approach near together, and confequently the
exterior or outward parts of fuch large timber become very foft,
in comparifon with the inner part of it.

It is the general opinion in this Country that timber is much
more folid or durable when felled in winter than in fummer. But
I think that if we examine this opinion, we fhall find it to be
€rroncous.

It is true, that if timber be felled in the fummer time, the bark
can much more eafily be feparated from it than in the winter ; for
the wood newly formed each year always adheres to the bark,
and the bark 1s every year propelled or driven outwards from the
laft year’s wood, and as the tubes or veflels of which fuch newly
formed wood is compofed, are during the time of their growth
not folid, but of a very foft texture, this is the reafon why the
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bark can be fo eafily firipped off in the fummer time. But
that any part of the tree, except that of the new growth,
fhould be more folid in winter than 1 fummer, [eems to be
altogether impolflible ; for it is plain to demonftration that all trees
are compoled of multitudes of {mall tubes or velsels, which are
formed every year by the tree’s growth, and that when once
formed they preferve their fhape and fize, without any altera-
tion, although the tree be above an hundred years old. Thefe
tubes, which in all feafons are filled with juices, are neither lefs in
winter - nor larger in fummer, for the juice which ecirculates
through them is at all times the fame. But if it were pofli-
le that the fubftance of trees in winter could be more clofe
or compaét, and in fummer more fpongy or diftended, it would
follow that the hard and dead bark furrounding the tree would
in winter be feparated from the wood, and in {ummer more
fplit open than it is found to be; but fince we do not obferve this
to happen in either inftance, it muft be the better opinion that tim-
ber felled in fummer 1s equally good with that cut down in winter ;
and if any one will take the trouble to examine thofe fmall chinks
or fiffures which are produced in the bark during the tree’s growth
in fummer, he will find that trees are not increaled in their fize or
[ubftance in an halty manner, but by very {low degrees.
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The different Degrees of Guoodnefs in Fir Tinber, bow difcoverable ; the
nitnute Velfels which enter into the Compofition of this Tree defcribed
at large.

IN treating of the Oak I have confidered, that the {pecies of it
growing in warm climates, is fuperior to that which is produced in
cold countries. But we muft not imagine this to be the cale with
all Woods ; on the contrary the Fir Timber growing in cold coun-
tries is fuperior to that produced in warm ones, where 1t’s growth
15 rapid, For the perpendicular veflels of which the Fir is com-
pofed are comparatively {mall, and though we may fee here and
there in this wood a large perpendicular veflel, that is no great ex-
ception to the general nature of it.

In the Fir, at the beginning of its growth every vear, the per-
pendicular veffels, (which are all of the fame kind), are formed
twice as large as thole towards the end of the feafon, when the
growth ceales, and thele latter formed vellels are, in relpeét of their
component woody parts, very compaét and clofe, having very
[mali cavities, and confequently producing durable timber ; and
the lefs this tree grows every year, the greater number of thefe
compactt vefsels enter into its compofition. Hence we may gather,
that if, upon examining Fir Timber at the ends, when it has been
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cut or fawn acrofs, we obferve the circles denoting each years
growth to approach very near together, we may ealily conclude
that fuch timber i1s firm and durable. t-‘[’pc‘t‘iaiiv if we perceive
great part of thele circles to be moiitened or tinged with a refinous
or gummy fubltance, named Turpentine,

The produétion or growth of the Fir is fhewn in Imt-? I. jg
which reprelents a rmail piece of this wood, as feen by the micro-
{cope, when cut tranfverfely, in order to fhew the difference be-
tween the perpendicular vefsels formed in the Spring, and thofe
produced in Autumn, when the growth ceafes.

The natural fize of the {pace contained between ABC, or EFG,
is about the fifteenth part of an inch in length; ABF G, denote
that portion of the wood formed towards the latter end of the
year, and the line of feparation appearing at BF, is the place
where the increafe for that year cealed. BCEF indicate a part
of the fame wood, produced in the beginning of the following year.

DD, and G G, are the horizontal velsels, which in this wood are
placed very clofe to each other, {o that when cut tranfverfely it is
difficult to diftinguifh them.

In this figure, we fee the difference between the w.ﬁ.els formed at
the beginning and at the end of each year’s growth. And if the wood
here reprefented, within the fpace ABC (which is the fifteenth
part of an inch) required two years to enlarge the femidiameter of
the tree to that thicknefs, it follows, that in this fpace there will
be two rows or circles of the compatt vefsels pittured, between
A B. Moreover, the piece of wood which is here defcribed was
from a tree of quick growth, and umber of flower growth not wﬁl}r
would produce fewer of the large vefsels, butallo thofe velsels firft
formed in the {pring would be fmaller in proportion, efpecially if
growing in a colder country, and in a good foil, In a word, the
nearer the circles before mentioned approach together, the flower
was the growth, and this [pecies of Fir is the moft durable.
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In refleéting upon the nature of the tubes or vefsels of which
wood confifts, I confidered with myfelf, whether each of thele
tubes was not formed of two diftinét kinds of exceflively fmall vel-
fels or coats, one fort extending lengthways, and the other fort
encompafling each tube in a circular direétion, as I had obferved
the quills ¥ of feathers to be formed, in order to give to each tube
a degree of {trength and firmnefs.

To mvelligate this, I examined feveral kinds of wood, and
particularly the Fir, and at length I obferved in fphtung the
larger tubes or velsels of the wood, that fome of them were in-
dented or jagged in the {plitting, and I alfo imagined that I faw
the tube to confift of fmaller velsels in a flrait perpendicular di-
retiion which were not diffufed all over the membrane or coat,
but only placed on each fide of it, whence I gathered that though
the minute velsels, fome of which I conceived to extend longi-
tudinally, and others to encompals each tube of the wood, cannot
always by reafon of their exceeding fmallnels be difcovered, yet
that the tubes are in reality formed like the quills of birds in order
to give them the greater {lrength.

In further profecuting this inquiry, I procured a piece of the
pitch Pine or Fir newly felled, and which had been of very quick
growth; and having placed a [mall part of 1t before the micro-
{cope, I diretted the Engraver to copy the figure of it as exattly
as pollible.

Fig. 8. ABCDEFG, reprefents this fmall piece of wood,
which I [plit longitudinally as thin as pollible. It’s extreme thin-
nels brought clearly into view a great number of globules con-
tained in the veflsels of this wood, and which afford a moft pleafing
fpectacle, not only on account of their exaél globular figure, but
allo becaule in each of the globules is a lucid or bright {pot.

This fmall picce of wood I found particularly eligible for my

* The Author's examination of this fubjeét will appear in the courfe of the work.
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obfervations, partly becaule it is very rare to find a piece fplit
out fo long, and fo thin with the perpendicular vefsels fo clearly
difcernible in it without obftruétion to the fight from the horizon-
tal ones, and partly becaufe I have feldom tound fo many of the
globules in fo fmall a fpace. Thefe globules in my opinion are the
fubftance we call Turpentine, and from which, by burning the
wood, Pitch and Tar are procured.®

Between DE and F, are to be feen the tubes of the wood when
divided, which plainly appear to be {plit, not exattly firait in
length, but in a manner indented or jagged and broken fideways.

I alfo put into the Engraver’s hands two feparate microfcopes
that he might make diftin¢t drawings of thefe tubes of the wood,
and from one of thefe was taken fig. 9, M N, where two of fuch
tubes are reprefented when fplit lengthways ; but the Engraver
faid, that he could not poflibly draw all the jagged parts which he
faw, And we both of us perceived in the broken membrane or
coat of the tube, many exceflively minute veflels, which by reafon
of their fmallnefs he was unable to exprels in the drawing. Frg.
10, O P, reprefents a fingle tube of the wood, m which, as plainly
as could be done, is reprefented the broken parts of the membrane
of which the tube is chiefly compoled.

Since then we find by thefe obfervations, that the very fine
membranes of which thefe woody tubes conlift, is not always {plit
lengthways, but often in an indented or jagged form, me may
eafily conceive that the tubes of wood, however minute they be,
are partly formed fimilar to the quills of feathers.

The fiflure or [plitting of the particle of wood, reprefented in

# 1t is well known, that Turpentine is procured from the Fir, by making a wound or
incifion in the Tree, trom whence the Turpemine flows in great abundance.  This, up'n
being diftilled produces the fpirit of Turpentine, and what remains at the bottom of the
ftill, is the fubflance called Rofin.—Pitch and Tar are obtained by burning large quanti-
ties of the billets of Fir, either in the open air, covered with fuds to prevent evapo allon
as was the ancient prattice, or in ovens conltruéied for that purpofe, as is the modern
method,
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fig. 8, was in fuch a direction that, as I may fay, it pafsed or took
its dire€tion through the centre of the tree, by which means the
horizontal velsels, as well as the perpen{licu]ar ones, were di-
vided longitudinally, and therefore are both exhibited in the fame
figure, ;

Between K I and H G, the horizontal tubes or vefsels are re-
prefented when divided longitudinally. Thefe vefsels are found
in great abundance in this wood, and in fome places fix, feven, or
even twelve of them f{hall be found clole together, and it is very
rare to {ee fo large a fpace of the perpendicular velsels without
horizontal ones, as is between G and F in this figure, though the
real fize of that {pace 1s not more than the thicknels of a large
grain cf fand.

I have often refleéted on the nature of thele horizontal vefsels,
that is, how they are formed, and how fupplied with nutritive
juices, for through them a new coat of bark is every year produced
round the tree. At firft, they undoubtedly have their rife from
the marrow or pith in the center, but afterwards, they muft ne-
cefsarily proceed from the alcending vefsels. In this enquiry I
could not fully fausfy myfelf, except that I obferved the appear-
ance of certain fmall dots or points in many parts of the perpen-
dicular veflels, which at length I difcovered to be no other than
{mall round apertures. Thele are reprefented in fg. 8, between
B C, and G H, and as I did not fee them in any other places than
where T had divided the horizontal from the alcending veflels, I
concluded that at thefe fmall apertures the horizontal vellels are
united to the perpendicular ones. And I began to confider
whether the alcending tubes were not air veflels, as well as in-
ftrumental in conveying the nutritive juices.

I then fat about a more accurate examination of this wood,
by cutting off thin flices with the fharpeft edged tools I could
procure, and placed them before the microlcepe, and here-
upon I difcovered a much larger number of alcending veliels
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than I had before oblerved, which laft dilcovered veffels were
exceeding fmall in comparifon of the former; fo fmall, indeed
that if a large grain of fand were divided into ten millions of
parts, thele veflels would {lill be impervious to them. Here-
upon I concluded that all the perpendicular veffels which I had
before difcovered in this wood, and through which I had fup-
pofed the juices for the nourifhment of the tree, and its fruit, were
conveyed, were really only air veflels ; for thole which I now name
air veflels are furrounded with three or four of the very fmall
veflels before mentioned. And I am clearly of opinion, that
thefe minute veflels do conflitute and form thofe others which I
name air vefsels, and conneft them one with another: and that
thefe fmaller vefsels convey all the nutritive fubftance for the
fupport of the tree, its leaves and fruit, and that therefore they
ay properly be named arterial vefsels,

The wood which in fz. 8, is reprelented, fphit longitudinally, I
now cut or divided tranfverlely, to fhew the nature of thele
velsels when infpeéted into or looked down upon, if I may fo ex-
prefs myfelf; and at fg. 11, UVWY Z, a portion of it is repre-
fented as feen by the microicope, the natural {fize of which was no
more than could be covered by a middling fized grain of fand ; and
in this figure, between the vefsels compoling the wood, or the air
vefsels before mentioned, are feen the very minute vefsels which I
call the arteries of the wood cut tranlverfely ; but as they are fo
very minute, I caufed four of the air velsels to be drawn feparate
as viewed by a fhill deeper magnihier, that thefe laft might be the
better diftinguifhed, and thefe are fhewn at fig. 12, as they lie
between the air vefsels.

The dark fireaks which are reprefented in fiz. 11. at WY Z, are
a [mall part of the horizontal vefsels divided longitudinal
and which vefsels are reprefented in fiz, 8, between G I,
and [ K.

To this defcription I muft add a little piece of the fame wood
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which I cut longitudinally, but in a different manner from that
defcribed in jfig. 8 ; for as in that figure the wood is reprefented
when fo {plit that the air veflsels, and thole fmaller ones which I
call arteries, and alfo the horizontal tubes of the wood, are all di-
vided longitudinally, here on the contrary the perpendicular vel-
{els are fplit or divided longitudinally, but the horizontal ones are
cut cbliquely.

Fig. 13, LM N O, reprefents fuch a particle of the wood in
which the horizontal vefsels may be feen placed fo clofe to each
other asto be only f{eparated by one or other of the air velsels.
Thele horizontal vefsels lying fo clofely and regularly befide each
other 1t 15 no wonder that this kind of wood 1s of all, the moft
eahly fpht, and {traight in the {plitting.

I have caufed a feparate drawing to be made of thefle horizontal
tubes or velsels in their pofitions adjoining to each other, in
order the better to diftinguifh how they lie among the perpendi-
cular ones.

Iig. 14. PQ, reprelents thele horizontal tubes or vefsels, many
of which are feen in fg. 13. Thele vefsels in fome places lie
twice as clofe together as they do in others; and upon examining
them with the greatelt accuracy I was able, I mult fay that I faw
two kinds of thele horizontal velsels or tubes of the wood, one
fort of which was f{o much {maller than the other as almoll to
elcape the fight.

For the more fully elucidating this fubjeét, and for the infor-
mation of any who may have the curiofity to repeat my oblerva-
tions, I have in fig. 15, given a drawing of the manner in which
I cut or [plit the wood. In this figure ABCDF, repreflents the
fourth part of a round piece of the tree or a branch of it, of which
B denotes the center of the tree or branch; at G is fhewn how
the particle of wood, reprefented in fg. 8, was [plit off; at C,
how the particle reprefented in figures 11 and 12, was cut off,
and at E, how the particle reprefented in fig, 13, was Iplit off.
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I have fometimes (as I before hinted) feen fome of the perpen-
dicular or afcending vefsels in the fir, much larger in diameter
than others; but thefle are fo few, that it is very rare to oblerve
them,

In fig. 8, between B and C, are to be {een the minute round
apertures in thofe parts of the alcending tubes or air velsels,
where the horizontal ones are feen, which apertures I conceive
are deftined to tranfmit air or the juices of the tree, from the al-
cending to the horizontal vefsels.

Thele difcoveries of mine, refpefting the fmallnefs or thinnefs
of the vefsels or tubes, compofing the fubftance of trees, may not
eafily be credited by many, as not comprehending how, by
reafon of their exceeding fmallnefs, any juice or liquor can poflibly
pals through them, and, what is more difficult to conceive, how
through fuch velsels afcending perpendicularly, any nutritive
fubftance can be derived from the root of the tree to the extremi-
ties of the upper branches.

But as, on the one hand, it 1s out of the reach of our finite capa-
cities to comprehend the extent of the Univerle ;¥ fo on the other
we are equally unable to conceive the minutenefs of the vefsels and
component parts of which not only animals, but alfo vegetables are
formed, and much lefs, how the parts of matter are united toge-
ther, or how one part grows out of, or is added to, another.,

¥ This fentiment is more fully exprelled and largely dilated on, in the Spefiator,
No. 420, and many of the realonings in that Paper feem to have been taken Irom the
difcoverics then newly made by our Author and his cotemporaries.




[ e A

Or tue WEEVIL or CORN-BEETLE.

Wherein the common Opinion that this Infecl is bred in Corn fpontane-
oufly, is fbewn to be erroncous ; the true nature of its Generation ex-
plained ; with the Means to preferve Corn from its Infellion.

I HAVE heard it firongly argued, that the Weevil or Corn-
Beetle, (which is a very noxious infe&, well known to corn-deal-
ers and bakers in this country,) is produced by what is called
equivocal or fpontaneous generation, that is to fay, from inani-
mate fubftances without any parent. The principal reafons al-
ledged in fupport of this opinion are, that we often find this
infet in a new granary, where never wheat was kept before,
and therefore it is deemed a neceffary conclufion, that fuch
Weevils are not propagated by the ordinary courfe of generation.
Agam it is faid, that we may open many grains of wheat, which
are found and uninjured, fo that no mark of a perforation or
hole, fhall be difcernible on the outfide, yet within thefe graimns
fhall be found perfeétly formed and living Weevils.

The anfwer which I have given to thefe arguments has been,
that thefe little animals may, by ourfelves, be removed from one
granary to another without our knowledge: for fuppofing the
perfon emp]oycd to remove corn, to have come out of a granary,
or barn, infefted with Weevils, he may ealily carry fome grains
of corn containing them, or fome of the infeéts themfelves,
fticking about his clothes, or in his fhoes, and thus remove them
mnto a granary where none had ever been. Belides, the fhip,
waggon, or cart, employed to carry corn, may be infetted with
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Weevils, by having carried grain in which they abound, and thus
from a few of thefe infefts, multitudes may be produced by the
ordinary courfe of generation,

But in order fully to inveftigate the truth of this, I defired
the perfons who had argued this matter with me, to bring me
the firfl Weevils they themlelves fhould find, (it being then the
winter feafon); and on the 13th of March, I received {ome
grains of wheat, (many of which had the infides eaten away) mix-
ed with Weevils.

I took three glaffes, in each of which I put fix, eight, or nine
Weevils, and eight, ten, or twelve grains of wheat, which wheat
I was the more aflured could not be infeéted; becaule 1t had been
kept for feveral months, clofely covered up, intmy ftudy. - In =
fourth glafs I put fome Weevils without any wheat, but' this lafk
mode of experiment I afterwards rejetted, obferving that in the
[pace of twelve days they all died. ' As to the other three glaffes,.
the weather being cold, and, obferving the amimals, for the molt
part, to lie motionlefs; I put them into:a leather cafe, swhich E
always carried about me, And I had no:doubt, but I fhould
clearly prove to all, that the Weevil proceeds from a maggot, for
which reafon I frequently examined thele objeéts' by the microf-
cope. ; - aldigiackib sd Il
[, at firlt, entertained an opmidny that the! Weevil, like 'the
Silk-Werm's moth, and many other infeéts, did not, while!in
that {hape, take any food: but herein Ifound mylelf miltaken, and:
obferved that the Weevil not oniy feeds-upon wheat, but that.it
can excavate or {coop out the whole contents of évery grain;cands
creep about in the infide, being provided ‘with a beak, or trunk of
a great length, in proportion to the fize of it’s: body, at the ex-
tremity of which are certain exceedingly {mall, organs, or anftru-
ments like teeth, and with thefe it can bore or pierce through the:
cutward hufk or fhell of the wheat; and thus open-to itfelf a
pallage to devour the contents.
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At a fortnight's end, namely, on the 27th of March, T obferved
fome of thefe Weevils coupled together, and from this time I fre-
quently infpected them, but faw no appearance of any living crea-
ture being produced from them until the 10th of June, when I
obferved lying among the Weevils and the wheat, two fhort and
thick little maggots; one of them about the fize of a large grain
of fand, and the other about one fourth part larger: feeing this,
I opened one of the glaffes in which I had encloled fix Weevils,
and examined the different grains of wheat that had been put in
with' them, and found two of them to be entirely hollow and
empty ; from another of the grains, which by the externalappear-
ance was the lealt eaten or confumed, but had many {mall per-
“forations or little holes not difcernible by the naked eye, I drew
out a perfettly formed Weevil, which was of a yellow colour:
whereas thofe which were at firlt brought to me, and had been (hut
up in the glafs for threc months, were of a deep red, almoll ap-
proaching to black.

* In another grain of the wheat I found a Weevil, of a very pale
or white colour, with it’s claws, horns, and beak, or trunk, lymng
clofe'to it’s body, in exat order, as we fee the wings and legs
of a Silk-Worm’s chryfalis or aurelia, when it 1s almolt arrived at
the flate of a {l ung infeét, only with this difference, that the un-

formed Weevil 1s net inclofed in a [hell or cafe, like the aurelia of

a filk worm.

In other grains of ‘the wheat I found mageots of diflerent fizes,
and from one grain 1 tock out a perleitly formed '\Hr,-wf,
whole white colour was changing to a red, and which was cons

tinually 1n motion,

Examining the other glafles, I found fome of the grains of

wheat perforated with littde holes, and others half eaten, Some

of the Weevils which had been (hut up in theife glaffes I opened,

and in' one of the females, I found five white eggs, which I

coticeived to be of their full fize: in others I oblerved egas,
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lome of which were arrived to maturity, and others gradually
lefs and lefs.

Hence I concluded, that whereas the Silk-Worm’s moth, living
only a few days, in that time lays a multitude of eggs and then
dies: on the contrary, the Weevil, which every day produces
but few eggs, is a long-lived animal, and by this means may be as
prolifick as Silk-Worms or other infeéts : for the Weevils which I
am now treating of were all alive the preceding fummer.

As to the two maggots which I at firlt found in the glafs among
the wheat, I had no doubt that they had fallen out of the grains
wherein they had been fisflt depofited, by reafon that thofe
arains had been rather too much eaten away before the eggs were
Jaid in them, and the holes which had been made in them rather
too large; and, as all creatures, however minute, are endowed
with moft admirable faculties and powers to anfwer the ends of
their creation, I think it very probable that the Jarge trunk or
beak with which this infect is provided, (furnifhed with teeth
or pmcers, which open and fhut in exaét correfpondence with
cach other,) is given to it of {uch a length that it may be enabled
to bore a fmall deep hole in every grain of wheat, and therein
depolit an egg, otherwile the maggots breeding from thefe eggs
would never grow to maturity : for if a Weevil were to lay it’s
ege on the outhide of a gram, and a maggot fhould be hatched
from it, fuch a maggot could not poflibly pierce the hufk of the
wheat. Again, were a Weevil to lay more than one egg in one
grain, and all thele cggs prﬂ(lut'{’d maggots, they would hinder
cach other’s growth, for want of having fufhcient nourifhment,
inafmuch as one grain is not more than {ufficient to nourifth one
magcot, and {o to produce one Weevil.

I oblerved in opening one grain in which a fmall hole had been
made, and out of which I took one ﬁng]t‘ egg, that round about
that part where the egg was placed, the mealy fubftance of the
wheat had been loofened or reduced to powder, from whence I
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concluded that the parent Weevil, before it laid the egg, had by
means of it’s trunk, feparated the particles of meal in that part,
both to make a foft place for the egg to lie in; and alfo, that
when the minute maggot fhould creep out, it might find this foft
and loofened meal prepared for it’s firlt feeding on,

Some of thefe maggots I placed in glaffes by themfelves, and
oblerved them gradually to allume the form of Weevils, the beak,
horns, and claws, appearing by degrees, and the colour alfo
changing from a white to a yellow, and then to the red colour of
the Weevil, _

As I had obferved, that none of thefe infetts which were kept
in glaffes together with grains of wheat, ever depofited their eggs
on the glafs, I put three females into a glafs by themfelves, and

in the fpace of twenty-four hours they laid four eggs. One of

which eggs drawn from the micmibﬂpe, 15 reprelented in Plate I1.
Jig. 1 ABC. In the fpace of feven days thele eggs produced the
kind of maggots before mentioned, which, when firft hatched,
were not larger than a grain of fand, and one of thefe as lying
on its back, and drawn from the microlcope is reprefented at
Sig. 2. wherein DEF, is the head and FGD the body. This
maggot was in continual motion, but when a little at reft, it con-
tratted its body together, and in this pofition the limner drew its
figure, and when it attained to its full fize, the fhape remained
the fame until the time approached for its being changed into a
Weevil. Another maggot which I had fixed er faftened by its
hind part before the microfcope, I caufed to be drawn when it
extended its body, and this is hewn at fig. 3. HIK.

Thele maggots have very little firength to move from place to
place, fo that it feems defligned by nature, that they fhould be fed
no where but in grains of corn: for if a Weevil were to depolit it's
egg i any place, except in the infide of a grain, it would, in my
opinion, be impoflible for the maggot thence produced to pro-
cure any nourifhment and become a perfet Weevil,

-

N e = T —

L=



(22 )

Thele things confidered, we may be fully fatisfied refpeling
the realon, why in corn, which s frequently moved and fhifted,
the. Weevil can imcreale but little: for {uppoling one of thefe
infects to have pierced and prepared two or three grains
ready to depofit it's eggs, and foon alterwards the corn is moved
or {pread about, the animal, when it 1s read}r to lay an €gg, find-
ing no grain, prepared to receive it, muft leave fuch egg on the
outfide of the corn, where the young maggot, when hatched, will
be in the fame fituation as feed ﬁ:ml in barren land ; and con-
fequently muft perifh.. But if fuch corn is undilturbed, the
Weevil may multiply, in a great degree, by depoliting it’s eggs in
the grains fitly prepared for them, and which may be confidered
as fo many nells for the reception of the young. Again, the long
life of this infect caules it to multiply exceedingly, for the Weevils
which 1 received in the month of March, (the yuunrrcfl of which
was undoubtedly a year old,) were aiive and vigorous in June
following, and who can tell how. long the natural hIc of this infeét
may ]wr

For the information of thofe who never faw a W ecvil, one of
thefe infeéts is reprefented of 1t's natural fize at fz. 4, X, <md un-
derneath it, I have given a drawing of i’s beak or trunk, as feen
by the microfcope, to fhew by what organs or inllruments this
creature is enabled to pierce the corn; partly to feed on the con-
tents, and partly to depolit 1t’s eggs in the fmall holes, it makes
therein ; for, as other animals arve taught by nature to prepare
their nefls for the rrn‘plitm and ['L")pr:rrl of their young, fo it is
the peculiar inflinét of the Weevil to aim at tlec.-.umrr 1's eggs
in no other place than where the linde animals pmdur_c:l from
thole eggs fhall be able to find [ubfiflence, aud this 15 1n the graimns
of corn.

At M N O P is reprefenied the probofcis, trunk, or beak
of the Weevil, which naturally 1s not {o It :'al;«ri‘t as here pictured,
but appears bent dow nwards when feen fides vays, as marked
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at M Q O; but had the figure been drawn in that view, the
opening at the extremity with it’s pincers or teeth would not have
been vifible,as 1t 1s now to be feen at O: within this mouth or
orifice are two flings or piercers which are continually in motion
and one of which 1s-feen in the figure, but I never cblerved the
animal to protrude or thruft thofe ftings or piercers farther than
the extremity of the pincers at O ; {o that I imagine the only ule
of thefle organs is to break or divide the hulks of the wheat and
the meal within it ; and, having frequently contemplated this
animal, while feeding, 1 obferved it, after having thruft 1ts trunk
mto a grain of wheat, to ftick fo clolely to 1t, that, though
toffed about, it would not let go its hold.

S T,arethe twohorns; L M R,is part of the head ; and at M
are reprelented® a colleétion of globules, which through the
microfcope exibit the fame appearance as ifby the naked eye we
were to fee a parcel of very minute black coral beads placed in
exatt order clofe together ; and this I concluded to be one of the
eyes.

I am not very fond of drawing the whole bodies of fmall ani-
mals from the microfcope, becaule I confider that to be of little
utility, and this 1s the reafon why I have only given a figure of
part of this infett when magnified.

I truft that thefe experiments and obfervations will prove that
Weevils cannot be produced, otherwife than by propagation, that
is to [ay, by copulating and laying eggs, from which eggs maggots
proceed ; and finally thole maggots are changed into Weewils.

But whether the vulgar will be hcrcb}f convinced of the error of

their opinion in this refpect, I much doubt, being continually
sellered with their objeftions to what I have advanced. [t 1s,
I Al

* To thofe who have not been much converlant in thele ohjefls, i
that a colleéiicon of globules or linle bails Miould conftitute but one e
""!.” .ht F:L'I.'[C':.I. I Fl.:h:f:‘:l:'.nr!. l.lil.l, i.” 12'!"“ il'[{ 15, 1.'..“.]‘ ‘.I._1|.'|L i\ E"“
of [maller optical organs, or eyes, and this fubject will be found amph
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however, with me, a moft certain truth, that what I have demon-
ftrated refpetiing the Weevil, namely, that it cannot be pro-
duced otherwife than by generation, does alfo held good with
regard to all creatures endued with life and motion. And al-
though this is a very minute animal, yet it’s fpecies muft have
been continued in the way I have laid down, from it’s firlt being
formed at the creation : and were it otherwile, namely, that from
inanimate matter, fuch as ftones, wood, earth, plams, or feeds,
this or any other animal fhould be produced, that would be a
departure from the general courfe of nature ; and fuch formation
or new creation, muft be continually derived from the fupreme
Almighty Creator.

Probably what I here advance may appear flrange to fome,
and they may perhaps wilh me to enquire into the propagation
of other minute animals; but for the prefent I leave the profe-
cution of thefe matters to thofe who may chufe to beftow as much
labour thereon as I have done in this examination of the Weevil,
afluring them that my oblervations are the refult of more than
four months application to the {ubjeét,

s
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Of the Maggot or Caterpillar infefling Corn in Granartes ; the Nature
of its Generation explained, and the means to prevent its Increafe
pointed out. '

HHVING, as I hope, by my Obfervations on the Weevil, con-
vinced mankind, that it is propagated in the ordinary way of gene-
ration, I have fince employed myfelf in the examination of that In-
fett or maggotwhich our Bakers and Corn-dealers name < de Wolf.”*

This creature s a very fmall white maggot, provided with two
red pincers, or organs like teeth, placed in the fore part of its
head, by which it not only feeds on, and confumes wheat, and
other grain, but alfo can perforate or gnaw holes in wood. The
common opinion is, that it is produced from corruption, or elfe
from what fome call a blight. But, in order to refute this vulgar
error, I procured, from a Merchant, a box of wheat, in which
this infeét abounded, that I might difcover to all, the real manner
of its propagation,

Upon infpecting this wheat, I found, that one fingle maggot had
fluck or faftened together from five, to fix, feven, or even eight,
grains of wheat, in one of which itfelf was concealed, and that
moft of the other grains were hollowed or fcooped out in the
middle; and it feems to me that this maggot is much more per-

* Thatis, in Englifh, * the Wolf.” Tiis Infe&t is not much known in England
among the country people, for the Tranf{lator having procured brom an Importer of
Coin, a fample of Pruffian wheat infefled with it, and fhewn it to feveral fermers, the

appearance leemed new o them, nor could they atlign to the antinal any name in Englifh.

Eut 1o the Darch, who have always been great importers and exporiers of corn, it feems
- ; 3 : : ; .

o have been tamitiar, and the Author's remarks on this fubjett may be well worthy the

attenuon of our IL'_..-i_'}E:!:i'- merchants.
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nicious than the Weevil, becaufe it fcatters a great quantity of its
excrements in the fhape of white round balls, which are very large
in proportion to the fize of its body,

Moreover, this maggot has in the anterior, or fore part of its
head, an organ, or inftrument, through which it continually fpins
an exceeding fine thread, which thread it fixes to every [ubftance
it approaches. By this means its body is always fupported o that
it cannot fall, and in a clean glafs it can move from place to place,
being [ufpended by this thread, and by this thread alfo it connectts
or binds the grains of wheat together.

Some of this wheat I put into a glafs tube, about the fize of
a finger, and a foot in length, clofing each end with a good
ftopper, and the reft of the wheat I kept in a wooden box. But,
towards the end of the fummer, I obferved feveral of the maggots
forfaking the wheat, and faftening themfelves to the glafls, and
others of them I faw creeping about among my papers, and I
found the box, i which I had put them, perforated in two places,
through which many of them had efcaped. 1 allo faw the ftopper
to the glals tube gnawed into, as deep as the thicknefs of a finger, and
upon taking it out, I found that eight or ten of the maggots had
crept wto it; upon which I placed them again in the glafs tube,
with the grainq of wheat, and ftopping the orifices with a cork, I co-
vered the cork on the outfide with fealing-wax, to prevent the
maggots again efcaping, but at the fame time I contrived a fmall
aperture that they might not be deprived of air. Plate II. fi, 5.
ABCD reprelents the glals tube, of which AD, and BC are
the two extremities, each clofed with a [topper covered with [ealing-
wax; E G and FH are two fmall glafs tubes, pafled through the
floppers, to [upply the maggots with frefh air, but thole apertures
were fo [mail as not to permit their efcape.

About the fame time that I was employed in thele oblervations, I
vifited a granary infefted with this infe€t, and faw the maggots, in
great nuibers, creeping up the walls, from whence I concluded,
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that in like manner as the maggots in the glafs tube quitted the
wheat, and lodged themfelves in the ftoppers, fo in the granary
they concealed themfelves in the linings and beams, unul their
transformation into flying infeéts fhould be compleated. And I was
confirmed in this opinion by oblerving the granary to have been
{o perforated, or eaten into by thele maggots, that not a finger’s
breadth was left untouched by them.

I alfo obferved that great part of the flopper which was within
the glafs tube, was gnawed or reduced to powder, and many chinks
or crannies formed in it, and though the maggots endeavoured to
conceal themfelves within the flopper, yet three of them remained
in the glafs, in which they lay quiet the whole winter, and they
were [o lLittle covered with their web or thread, that, with the
microfcope, I could difcover them move their heads.

On the 20th of the April following, I faw them begin to allume
a reddifh colour, and to be fomewhat contrafted in length ; the
next day the rednels increaled, and they feemed-to me to be
turned into aurelias.

At the famme ume, upon examining the wheat, which was kept
m the box, and had been full of the maggots, I found that they
had all efcaped through the holes perforated by them in the box.

On the 23d of May, the aurelias before-mentioned, had become
of a red colour, and the next day I faw a flying infeét, which is
called a Moth, fluttering about the glafs tube. This had pro-
ceeded from one of the aurelias, which had been the chief {ubject
of my oblervations, and I faw lying near it, a pellicle, or little
fkin, which had been the cafe or fheath 1n its aurelia flate.

Two days before I dilcovered this moth, I had obferved feveral
of the {ame winged infetts flying about my ftudy, two of which
[ killed, and upon examining them by the microlcope, 1 found
them to be formed in the fame manner with this in the glals, fo
that 1 was convinced they had proceeded from fome of the
maggots which had efcaped out of the box. And on the 25th of
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May I faw two more moths come out of the ftopper to the tube,
leaving their fhells or cales hanging to 1t.

As many perfons are unacquainted with the figure of thefe
moths, I have caufed a drawing to be made of them, which is to
be feen at fiz. 6, A A; and alfo a drawing of the covering, fhell
or cale which enclofes them while in their aurelia ftate, fiz. 7. P Q.
Thele figures were drawn of the natural fize, and if I had not had
ocular proof of it, I could not have believed it poflible for the
moths to come out of fo fmall a cale or covering as is here
pittured.*®

On the fame 25th of May, I went to the granary, where, the
preceding autumn I had feen the maggots before-mentioned creep-
ing up the walls, and there I faw a number of moths, fome
clinging to the wall, and others flying about. I had brought with
me fix glals tubes, and, as 1t was ealy to diltinguilh the males from
the females, the former being (maller than the latter, I put in each
of thefe glaffes fome of both [exes.

At my return home, I diffetted three of thefe females, and, by
the moft accurate reckoning I could make, I found in each of their
bodies upwards of fifty eggs. At another time, I judged that I
took out of another female moth, above feventy eggs. Thefe
eggs were exatly the fhape of hens eggs, but no larger than fimall
grains of fand. The reft of the moths which I had brought from
this granary, and kept alive, laid many eggs, and one of them
produced to the number of feventy.

I next confidered, whether the moths, which thus propagate
the pernicious infett I am treating of, might not, by fome means,

¥ This obfervation of the Author is corrcborated, and, at the fame time, the appear-
ance can be accounted for by a circumftance which was fome years ago communicated to
thie tranflator by a curious oblerver ot the change of aurelias into butterflies and moths,
namely, that immediately after their emerging from the Thell, or covering, which inclofes
them, they increafe in fize fo rapidly, particularly in the wings, that their growih may
be dilcerned by the eye.
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be deflroyed in the granaries, {o as to prevent their propa-
gation,

For this purpofe I took a round glafs veflel, large enough, as
I fuppoled, to hold fix pints of water, and in it I put eight living
moths newly taken. In the orifice of this veffel I fet fire to the
fourth part of a grain of fulphur, and as {oon as the moths began
to feel the vapour or fmoke of the fulphur, they fluttered about
the glals with great violence, though but for a fhort time, for
they all fell to the bottom, and after a little motion in their
their feet, they died. Four hours afterwards, I took them out of
the glafs, and put into it fome frefh ones alive, in order to repeat
the experiment, but while I was preparing to burn the fulphur, I
faw them all lie dead, they having been killed with the bare odour
of the {ulphur which had been left in the glals.

From the fize of this glals, I computed what quantity of fulphur
would be requifite to fumigate a granary twenty-four feet long,
fixteen broad, and eight feet high, and I reckoned that half a
pound would be fufficient for the purpole,

After this I fumigated a granary, in which were eight loads
of wheat, and a great number of moths flying about, For this
purpofe I took two pieces of fulphur, containing about a quarter
ol a pound, prepared in the fame manner as is done by wine-
merchants or coopers, to fumigate their wine cafks. Thele pieces
of fulphur T fufpended by a brals wire, 1n a tall carthen veflel,
with a narrow top, and placed the veflel in an earthen difh, to
prevent any danger of fire. This apparatus I fet in the middle of
the wheat, and as foon as the fulphur began to burn, I retired
out of the granary and fhut the door: In a large granary two or
three of thefe vellels might be ufed.

Two days afterwards, I vifited the granary, and then I faw
feveral moths flill clinging to the wall and beams, but before the
fumigation, T believe there were ten times as many. And I ac-
counted for thefe moths being found alive, by reafon that many
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of the panes of glafs in the windows were broken, through which
much of the finoke of the fulphur had efcaped, or elfe, that the
moths which I now faw, had come out of their aurelia ftate after
the fumigation was over, for I am well aflured, that {o long as the
moths are inclofed in their aurelia cale, or covering, the fmoke of
fulphur cannot do them any injury. Therefore 1t will be necel-
fary for thofe who may chule to fumigate their granaries in the
manner I have recommended, to begin the operation as foon as
ever the moths appear, that they may be prevented laying their
eggs, and alfo to continue the ufe of it fome days, indeed as long
as any moths are to be feen, becaufe thele creatures do not all
come out of their aurelia ftate at the fame time. The expence of
fumigating is no objett, for a pound of fulphur may be bought
for a trifle, and 1t is in no fort injurious to the wheat, nor is it
prejudicial to the health of any perfon, but rather falubrious *.

Towards the end of fummer, when the maggots quit the wheat,
and creep up the walls, they may eafily be fwept down and de-
ftroyed, for this infett 1s a very tender animal, and foon killed.
And thefe precautions being obferved, very few moths will be feen
the following year,

Some of the eggs laid by thefe moths I put in glafles by them-
felves, which I carried about in my pocket, others of them I
placed in my ftudy, and I obferved that thofe which I carried
about me were, by the heat of my body, much fooner hatched than
thofe which were in my fludy, for thefle latter were fixteen days
before the maggots crept out of them; but at {even days end
thofe in the former made their appearance,

One of thefe maggots, when newly hatched, I put into a glafs
tube, the infide of which was about the fifth part of an inch wide,
and having placed this before the microlcope, I gave 1t to the
limner to make a drawing of, but as it was impofhble for him to

* T'his opinion is confirmed by Dr. Hodges, and Dr. Mead, in their Treatifes on the
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draw all the minute parts of it, he drew it without the feet, as is
fhewn in fig. 8, K L.* The fore part of this maggot is provided
with fix feet, which fometimes could be difcerned when the animal
lay flat on its belly, and thefe, with part of the body are {hewn at
Jirz. g, MN, In the hind part are various organs aflifting in it’s
motion. This maggot, although, when newly hatched it appeared
no longer to the naked eye than is deferibed in the center of the
circle at ffy. 10, was yet twice the length of the egg from which it
was produced,

As 1 oblerved fome of thele young maggots to be dying, I put
fome grains of wheat into the glals, and foon afterwards the living
ones difappeared, whence I concluded that they had found their
way into the wheat, and in three or four days time I faw their
excrements [cattered about the glafs.

I have ofien contemplated the fhells of the eggs from whence
thefe maggots proceeded, and obferved vellels in them in the
nature of net-work, which I could not diftinguith while the eggs
were full. A drawing of one of thefe 15 given at fig. 11, RSTV,
but as the eggs are exceedingly minute, this drawing was made
from a microfcope of greater magnifying power than that from
which the former figures are drawn. STV is the broken fhell of
the ege in the part where the voung maggot crept out.

The moths I have been deleribing are verv pretty objeéts to
behold, the wings, which are four in number, being white,
fprinkled all over with black fpots; and on examining them by
the microfcope I found that this whitenels proceeded from the
white feathers on the wings, and that the black fpots were cauled
by other feathers which were black at the edges.  Some thouflands
of thefe feathers I faw fticking to the glaffes in which I kept the

* This figure does not feem taken with fo much exafinels asis generally found in thole
1

given by Mr. Leeuwenhoek, therefore the Tranflator bas cauled a drawing from one of the

maggots when full prown, to be made of the fame lize 1 appears 1o the naked (ve, and

1

this 15 o be feen at fig. 12.
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moths, which in their fluttering againft the glafs or one another,
had been rubbed off their wings and other parts of their bodies ;
and to the naked eye, exhibited the appearance of a vapour or
fmoke on the glals.

Though I examined fome thoufands of thefe feathers, they were
all fo differently formed, that I cannot fay I faw two exaétly alike.
Fig. 13, AB,CD, EF, reprelents three of the largeft of them, when
{feen through the microfcope.  Attheir broad ends, they are tinged
with black, and when [everal of them lie clofe together, they
exhibit a black fpot. Others of thefe feathers, as fg. 14, G I
I K, LM, are tranlparent, but when lying one on another
they produce the whitenels I have mentioned. All of them,
although fo very minute, have quills like the feathers of birds, by
which they are fixed or rooted in the membrane that forms the
wing, and fo completely cover it that it cannot be feen.

. The feathers, which cover the edges of the wings, are much
longer than the others, and of different fhapes; five of them are
reprefented at fig. 15. RS, TV W, and at fiy. 16, NOPQ, are
fhewn a number of the [mall feathers of different fhapes.

This maggot, which among us is called the wolf, is not only
milchievous, by devouring corn, but it is of that {pecies which
15 found in houfes, and gnaws holes in wood, allfo in boxes and
books, and likewife hides itfelf in woollen garments, eating holes in
them, and at length becomes a flying infeét, named, as before men-
tioned, a moth.

This moth, of itlelf, is very innocent, for while in that flate, it
does not, as [ could dilcover, take any food, but, if not defiroyed
in time, one female may lzr'mhlfcv ft&';']]lj.-‘ magoots, for out of
upwards of icventy eggs, laid by one moth, I only faw one barren;
and in three others of the eggs, I could difcern the maggots
I:,.-'iilltj; dead, ].J}‘ reafon, as I .ﬂq};)o{i‘, that they could not break
the f{hells.

I heard it alfirmed, by a corn-dealer, in fupport of his opinion,
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that thefe maggots are produced in wheat {pontaneoufly, that they
are more rarely found in old wheat than in new; to which I
gave for anfwer, that when firft hatched, they are very [mall
and tender, fo that it is difficult for them to pierce the hulk
of old wheat, the fame being very dry and hard, and confequently
many of them die for want of nourifhment. This I fully proved
by experiment, for I had three glaffes ftanding in my ftudy, in one
of which there were more than fixty maggots newly hatched. In
this glafs I put fome grains of wheat, one of which was
broken, or fplit down the middle, and this alone was eaten into,
the others remaining uninjured, and all the maggots, except
one or two, died; all which, I had no doubt, proceeded from
this, that thefe grains of wheat were remarkably dry and hard,
having been kept for two or three years in a box in my fludy :
and in another of the glaffes, wherein 1 oblerved the maggots creep-
ing about on the {urface of the wheat, without being able to pe-
netrate 1t, I cut, feveral of the grains in pieces, and by this
means many of the maggots were kept alive.

Towards the end of the month of September, I received from
a baker a handful of very excellent rye, with many of thefe
maggots in it, all which I put into a large glafs veflel, and I ob-
ferved the maggots quit the rye and creep up the fides of the
vellel. I then burnt a fmall quantity of fulphur in it, and in a
fhort time they were all killed.

It may not here be unworthy of notice, that, in the glals tube
before defcribed, and in which I imagined I had put nothing but
wheat, and the caterpillar or maggot, of which I have been treat-
ing, I found a Weevil make its appearance ; this creature I kept
in the glals to fee if any more would appear, and I oblerved, that
in the winter or in cold weather it lay motionlels as dead, but
upon applying fome warmth, it would revive. At length, afier
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keeping 1t upwards of eighteen months, in which time, I did not
obferve uny more of the {pecies, 1t died.

Moreover, while 1 was examining the granary before-men-
tioned, I faw many very minute animalcules®, no bigger than
grams of fand, creeping up the walls. Some of thele I brought
home with me in glaffes, and I obferved them to ccuple together,
and to lay exceflively minute eggs, which eggs, after fome time,
preduced animalcules formed like the parents, ESothatit appears
thefe little creatures propagate their like without undergoing any
fuch change, as is obferved in fleas, moths, flies, and many other
mfetts. I think, however, it is fully proved, that no living crea-
ture is produced from corruption or putrefattion,

Indeed, can any man in his fober fenles imagine, that the
moth, of which I have given the defleription, which 1s fitly pro-
vided by nature with the means to propagate its {pecies, furnifhed
with eyes exquifitely formed, with horns, with tufts of featners on
its head, with wings covered with fuch multitudes of feathers,
all of different fhapes, and thefe exaétly covering the wings in
every part; can this moth, I fay, adorned with fo many beauties,
be produced from corruption? For, in a word, in this hitle
creature, contemptible as it feems to us, there {hines forth fo
much perfeétion and fkill in the formation, as to exceed what we
obferve in larger animals.

# Mr. Leeuwenhoek has not given any figure of thele animaleules, but they feem to be
a fpecies of mite, the tranflator having obferved fome of the like kind in bran.
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OF THE SPID_ER.

THE. following obfervations were made on thole kinds of Spiders
which are found in gardens, where they fix their webs to vines,
herbs, and fhrubs,

I have olten feen thefe Spiders, when dropping, or falling, as
it feemed, from a tree, {top or fupport themfelves in the mid-
way, by means of their thread, and I found that this was done
by the help of one of their hind f{eet, which they continually
apply to the thread as they [pin it, Thefe feet are each of
them furnjthed with three nails, or claws, flanding feparate, or
apart from each other. Two of thele claws are at the extremity
of the foot. and each of them is formed with teeth, or notches,
like the cuts in a faw, growing narrower towards the bottow;
and with thefe they are enabled to hold faft the thread, in like
manner as the pully or wheel, ufed by clock-makers, in their
thirty-hour clocks, is contrived to lay hold of the clock-line, by
means of the groove being allo narrow at bottom. For the more
perfeétly underflanding this formation, I caufed the following
figure to he drawn,

Fig. 17, ABCDEF, reprelents a fmall part of the Epider's
hind foot, magnified, and at B C D, are fhewn the two c'aws, or
nails, with the notches or teeth in them, as before deflcribed @ at
letter E, 1s f{een the third claw, which is deftitute of teeth or
notches, but, as i conceive, ferves for various ufes to the aninval,
and this is always to be noted, that when the Spider does not
want to afcend to an height, but only to lay hold of the web it has
fpun, it always ules this claw for that parpole.
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The kind of Spider I am now defcribing, has the hind part of
its body much larger than is feen in other Spiders ; 1t 1s provided
with eight longer and two {horter legs, which fhorter ones are
placed in the fore part of its body on each fide of the head, and
all furnifhed with an indented or notched claw as before deferibed,
Some will have it, that Spiders have no more than eight legs,
but this appears to be a miftaken opnnen,

In thefe Spiders I plamly perceived {*ighh eyes, two of which
are placed near to each other at the top of the head, and, in my
judgment, defigned io fee thofle cbjects which are above the ani-
mal. Two others of them are fituated a little lower down, in
order to difcover all objefls in front; and on each fide of the
head are a pair of eyes clofe to each other, and of thele, the two
which fland forward, are to take in the view of all objefts lying
obliquely, or not firaight in front; and the two which ftand back-
ward, are undoubtedly defigned to behold all objeéts behind the
animal, And if we confider that the pupils of thele eyes are im-
moveable in the head, we may eafily conclude, that this number
1s neceflary, for enabling the Spider to behold all circumjacent
objetts, and to go in fearch of its food.

That the form of thefe eight eyes, and their fituation, may be
more ealily conceived, I have caufed a drawing to be made of
them at figz. 18, GHIKLM NO, which reprelents a part of the
Spider’s head ; PQ, are the two eyes which look upwards, K and

L, the two defigned to view objefts in front, I and M, thofe

which take in objefts obliquely in front, and H and N, thofe
which look obliquely backwards.

I have often heard it faid, that the Spider has a fting, with
which, it is alfo reported, it can kill the toad ; but no one could
tell me in what part of the body this fling was placed, therefore,
I concluded that if there was one, it muft be in the pofterior or
hind part as in other animals and infeéts ; but on examination, I
found this opinion to be groundlefs. The Spider is, however,
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provided with two organs or weapons anfwering every purpofe of

a {ling, which are placed in front of its head juft below the eyes,
and when not in ufe, they lic between the two thorter feet,

Thefe weapons or inflruments of offence, which are bent in the
nature of claws, are very {imilar to the fling of the Scorpion and
the fangs of the * Millepeda of India, and in each of thele fangs
(for fo I will call them) is a fmall aperture, through which, in all
probability, a liquid poifon is emitted by the Spider at the time it
inflicts the wound.

At fir. 19, ABCDEFGHIKLM, are reprelented both thefe
fangs as feen through the microfcope: BC, is one of them when
lying flill, HTK fhews the other, raifed to firitke. AtC and I, 13
to be feen the {mall aperture + I have mentioned, which aper-
ture appears the fame on both fides of each fang, and through this
we may realonably conclude that the Spider ejetts its venom. At
the letters EFG, is a double row of teeth, between which each
fang 1s placed when at reft, and the ule of thele teeth feems
to me to be for the firmer gralping the prey, that when bitten 1t
mav not efcape. All the other parts of thefe weapons or organs
which are reprelented in jfig. 19, were thick fet with hairs, but
which it was not thought neceflary to exhibit in the drawing,

I at feveral times inclofed two or three large Spiders in the fame
glafs, and always found that when they approached each other,

# That is in Englifh, thoulund legs, the name vulgarly given to this animal ; the
Duch call it Duyfent-been, a word of the fame import.

+ D, Mead, in his celebrated Effay on Poifons, when treating of the Spider, ex-
predied his doubit of this faét, by realon that he could not himlelt difcover the aperture,
and Mr. Henry Balier, in his Treatile on the Microfcope, cuncurred in opinion with the
Doctor, thar Mr. Leenwenhoek muft bave been miflaken in this particular. But in
another Treatife ®, afterwards publifhed by Mr. Baker, he informs his readers, that he
had at length planly perceived the aperture, and had fhewn the fame to Dr. Mead, who
was much pleafed with the difcovery. A teftimony this, greatly to the honour of our
Author,

= Employment for the Microscops,
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they would fight to that degree, as to be covered with the effufion
of blood from their bodies*, which was foon followed by the death
of the wounded Spider. I alfo obferved, that the fmaller Spiders
always avoided the larger, but when two of nearly equal fize ap-
proached each other, neither would give way, but both of them
grappled together furioufly with their fangs, till one of them
lay dead upon the {pot, its body being as wet with the blood flowing
from the wounds received, as if water had been poured upon it.

I at one time had a Spider which was wounded by the bite of
another in the thickeft part of its leg, and from the wound there
ifiued fome blood, in quantity, about the fize of a large grain of
fand; this wounded leg, the Spider held up, as unable to ufe it,
and foon afterwards the whole leg dropped from its body : when-
ever the breaft or fore part of the Spider was wounded, I always
oblerved the wound to be mortal.

I had imagined, that when a Spider applied its thread either to
fome foreign fubftance or to another thread, that the thread
newly fpun muft be covered with fome vifcous or glutinous mat-
ter by which it became faftened, in like manner as we oblerve in
Silk-worms threads. But I now found that the Spider cannot frx
its thread to any thing, without imprinting the hind part of its
body on the place, by which preflure, it emits an incredible num-
ber of excelfively [mall threads, diverging inevery direttion, from
whence we may conclude, that as foon as the threads are expoled
to the air, they lofe their vifcofity or glewy quality.

When I at firft began the diffeftion of the Spider, and endea-
voured to difcover the vifcous or gummy f{ubfiance from whence
thefe threads proceed, and could not fatisly myielf m that part-
cular, I was aftonithed, not being able to conceive how, from

® If any reader fhould be difpofed to try this experiment, he muil not expeft-to fee a
red liquor iffus from the wounded Spider. For the circulating fluid in many infeéts is clear
or colourlefls, though as fitly to be denominated blood, as that which flows in the veins
ol animals,
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fo moift a body as this creature’s, there could in lo {hort a time,
be produced threads {trong enough to bear the weight, not only
of one, but of {ix Spiders at a ime, And upon endeavouring to
difcover the texture of thele threads, I could at that time pvrccrirc
no more, than that the fame thread appeared in fome places to be
one and entire, and in others, to be compofed of three, four, or
more threads: and 1ht}ﬁgh I often endeavoured to obferve thole
threads immediately as they iffued from the Spider’s body, 1 could
not obtain a perfett view of them, notwithftanding which, I did
not doubt, that what is commonly fuppofed to be one thread, is,
in fatt, compofed of many.

I determined therefore, fo to fix a Spider on its back, that it
could not move the hind part of its body ; and this being done, I
contrived with a fmall pair of pincers to draw out from the body,
that fmall part of the thread which projetted from the organ or
inftrument from which the threads proceed, and then I perceived
a great number of exceeding {mall threads iflue forth, which,
when at about one or two hairs breadth diftance from the Spider’s
body, united in one or two threads, and that in this manner the
larger threads were compoled.

Not content with thefe obfervations, I fat about devifing means
of keeping the threads feparate, as they iflue from the Spidc:’
body, fo that I might be able to give fome reprefentation of their
inconceivable finenefs, and at three feveral times I fucceeded herein
to my wifh. But yet, this finene(s cannot by any efforts of the
pen or pencil, be adequately delcribed. For upon applying the
utmolt magnifying powers of the microfcope, threads are difco-
vered fo exquifitely flender, as almoft entirely to elcape the fight.
I have fometimes endeavoured to count thefe threads as they
iflued forth, but always without fuccefs.

The Limner, to whom I exhibited this objet by the microfcope,
declared, that it was not in his power to give a true drawing of 1t
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with the pencil, but that by an engraving, it might in fome mea-
fure be reprefented:  This is done in fig. 20, MNOPQ, being a
portion of thefe threads, as magnified by the microﬂ:ui;e, and
pittured feparate and diftinét from each other, as they iflued from
the body of the animal. Thefe feemed to me to lue from two of
the organs, which I fhall prefently defcribe.

If we duly confider that the threads of Spiders, which to the
naked eye feem to be fingle, are compoled of many fmaller cnes,
and that they thence acquire the {trength we obferve them to have,
we fhall more than ever be aflured, that no flexible badies (except
thofe made of metal, the component particles of which are, by
the force of fire, moft clofely compatted or knit together), can
have any great [trength or toughnefs, unlefs they are compofed of

- oblong parts laid fide by fide, and that their firength or tough-

nefs will be greater where thefe oblong component parts are twifted
together, ormade to cohere by fome glutinous matter, as are [pun
filk, linen garments, ropes and the like. And this is the realon
why all the fingle threads of flax are very tough in proportion to
their fize, for each of them is compofed of fhll fmaller par-
ticles or fibres, which are not only joined together by a certain
vilcous or gummy matter, but are alfo furrounded with a coat or
bark, as it may be called, whereby their inward component fibres
are rendered fHill ftronger.

Agam, if we advert to the great numbcr of exceflively flender
threads, proceeding, all at the fame time from the bnd} of the
Spider, we muft acknowledee that this kind of formation is ne-
ceflary, for were it a fingle thread which 1s fpun by this creature
with {uch celerity, the liquid matter of which it is formed, could
not on its expofure to the air, become a folid fubflance fo
quicl;l}* as thele lefler threads, an hundred or more of which, taken
together, do not in my opinion equal the hundredth part of one
of thofe hairs I can take from the back of my hand.
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In a word, the infcrutable power and wifdom of the Almighty
Creator, are manifeftly difplayed in the formation of fuch a thread
as the Spider’s, the wonderful make of which 1s feldom oblerved,
becaule, the finenels and delicacy of its texture are not difcernible
by the naked eye.

Upon beholding the exquifite flendernefs, and alfo the multi-
tude of thefe threads, I was ftruck with aftonifhment, upon con-
fidering how wonderful muft be the organs in a Spider’s body to
produce fo many, and at the fame time all diftinét from each
other. And although I never expetted that I fhould be able to
dive into this [ecret of nature, yet, upon difletting the hind part of
one of the largelt Spiders I could procure, and attentively examin-
g it, I at length, with the greatell admiration, perceived a great
number of exceffively fmall organs, from each of which, one ex-
quifitely fine thread proceeded, and thele were fo many, that
I thought their number muolt at lealt exceed four hundred.
They were not all placed clofe together, butineight diflinét fpots
or compartments, fo that il the Spider ules all thele organs at the
fame time, eight feveral threads may be formed, each of which
will confift of a great number of [maller ones. Again, thele
fmaller threads differ in lize, for one of the organs will be {een to
{pin a thread twice as large as the next adjoining to it.

If any perfon examines by the microfcope that part towards.
the extremity of the Spider’s body, from whence its thread pro-
ceeds, he will obferve the fpot to be, as it were, furrounded by five
feveral protuberances or rifings, each ending in a point, and al-
together forming a kind of enclofure ; but {from the anterior or
forwardefl of thele five protuberances no threads proceed, The
other four, on their outer fides are thick fei with hairs, fo that all
the {maller organs deflined to {pin the thieads, ave fituated to-
wards the inflide, the realon ol which, I take o be, that they
may be preferved uninjured, when the Spider is creeping into,
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holes, where it does not want to {pin its weby or while running
along the ground, or after its prey.  When thele laft mentioned
four protuberances are put afide from each other, there will be
feen in the middle or fpace between them four fmaller ones, each
furnifhed with the like organs for [pinning threads, but leffer in

fize and fewer in number.

Thefe organs for [pinning, being by this means all expoled to
view, exhibit the appearance, as it were, of a field, thick fet with an
incredible number of pointed parts, each producing one thread ;
but thefe pointed parts are not made gradually tapering from the
bafe to the point, they are formed, as if one were to imagine a
fmall reed fomewhat tapering, having a {lill fmaller one joined to
its taper end®, and this latter terminating in a point, which point,
in thefe organs I am now delcribing, is as fine as imagination can
il conceive,
st Now if we lay it down as a faét, that a young Spider which is
{7 feveral hundred times fmaller than a full grown one, is furnifhed
i with the fame organs as the larger, and that as the Spider, fo the
I a organs do by degrees grow proportionably larger, the neceffary
14 conclufion is, that the threads fpun by a young Spider, are many
I hundred times finer than thofe fpun by one full grown, which
12 exquifite {lendernefs, it feems beyond the power of the human

mind to form a true idea of.

i I have given a reprefentation of fome of the organs, by which
L thefe incredibly fmall and numerous threads are fpun, as nearly as
the Limner was able to draw them, when feen by the microfcope.,
Hil And at fie. 21, RS TV, exhibits one of the four external parts
I or protuberances I have been deflcribing ; this part, mcluding all
i which with 1t is reprefented in the figure, was not in its natural
i {ize fo large as a common grnin of fand, from whence [ome jur!g-
ment may be formed how minute muft be thefe organs, and how -
exquifitely fine the threads which iffue from them.

- -
| * See fig, a2,



{ 43 )

In this figure, that part which is marked with the letter W, was
covered with as many organs, and thole placed as clofe together,
as are reprefented between the letters R and S, but as thele latter
ftanding directly in front, could not by any means be diftinéily
fhewn in the drawing, I ordered that {pace to be left vacant: the
part which is out of fight, was not covered with thefe organs but
with hairs,

While T held this obje¢t up to the Limner’s view, I turned
round the different parts of it, that he might declare how many of
the organs for {pinning the threads, in his judgment, 1t contained,
upon the view of which, he was confident that there were above
one hundred..

I have before mentioned, that fome of thefe organs appeared to
me to be larger than others, and that I fuppoled their ule was
for fpining the larger threads. One of thele, as it ftood between
two Imaller ones, I placed in view of the Limner, diretting him
to make a drawing of it.. This is feen at fr. 22, CF, and in the
fame figure, at the letters A B and D E, are repreflented the two
lefler organs, from one of which, a thread 1s feen to iflue,

Alfter this, I took a fmall Frog; whole body was about an inch
and an half in length, which I put into a glals tube together
with a large Spider, in order to fee the attions of thefe two ani-
mals when brought together ; and I eblerved the Spider pafs over
the Frog without hurting it, though with its fangs difplayed as it to
attack the Frog. Upon this, I caufed the Froz to fall againll the
Spider, whe, thereupon, ftruck his fangs into the Frog's back,
making two wounds, one of which, exhibited a red mark, and the
other a purple {pot. I then brought the Frog to the Spider a
fecond time, who, thereupon, {iruck his fangs into one of the
Frog’s fore feet, whereby 'fome {ew of the blood veflels were
wounded. And having provoked the Spider a third time, he
fruck both fangs into the Frog's nofe; prefently after which, L
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took the Spider out of the glals. The Frog, thus wounded, fat
without motion, and inabout the fpace of half an hour, it ftretched
out its hind iegs and expirf&d,

The next day I brought another Frog, about the fame fize as
the former, to the fame Spider, but though it was twice wounded, I
did not perceive it to be injured thereby, perhaps becaufe the
Spider’s bite may not be fo venomous in our climate as in warmer
regions, or elfe, that the poifon of this Spider might have been
exhaufted by former attacks; the Frog I threw back into the
water whence I had taken 1t.

Towards the end of Oétober, I took feveral of the largeft
Spiders that could be got, and placed them in glafles apart by
themfelves, in order to wait for their laying eggs, which I pur-
poled to open, and examine the contents. Two of thele Spiders,
after being confined ten or twelve days, I found had laid their
eggs, and enveloped them in fo thick a web, that I was aftonilhed
to behold it, confidering that it had been fpun in a few hours
{pace.

Some of thefe eggs I opened, and found the infide to be of a
yellowifh colour; the form of each egg was almoft round, and
nearly the thirtieth part of an inch in diameter, and the whole
collettion of eggs laid by one Spider compoled a rounding figure,
almoft f{pherical, nearly half an inch in diameter, from whence
may be computed how great a number of eggs the [pider lays,
And one would almoft think it impoffible for fo many to be
contained within this creature’s body ; {ince upon viewing them
with the naked eye, as they lic together in regular order, they
occupy a larger fpace than the fize of the animal itlelf. But it muft
be confidered, and it is what I have ofien experienced in opening
Spiders, that the eggs while within their bodies are not of a glo-
bular figure, but being very foft they lie comprelled together, and
therefore are of divers fhapes, but as foon as emitted from the
Spider they aflume a fpherical form, by realon of the equal
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preflure of the atmolphere on every part of them; and when of
this round figure, being placed in exatt order, fide by fide, and
only touching each other in a point, they muft neceffarily, to our
view, occupy more {pace than they did while in the animal’s body..

I at firft was not able to conceive by what means the Spider
could place its eggs fo exattly in the centre of the web, but now I
was fatisfied in that particular, for while I was obferving a third
Spider which was fixing a web to the glafs in order to lay her eggs
in it, I faw that firft fhe made a kind of thick layer of threads, and
faftened them to the glafs before the began to lay one egg; and it
was molt worthy of remark that this layer or flratum was not flat.
but curioufly made with a roundifh cavity. In about three quarters
of an hour's fpace, upen again obferving the Spider, I faw that
this cavity was not only filled with eggs, but that eggs were piled
up above the edges of it to the fame heighth as the hollow of the
cavity below, and the Spider was then bufied in {pinning a web to
enclofe the eggs on every fide,  For this purpole fhe employed not
only the hind part of her body from whence the threads were fpun,
but her two hinder feet, with which (he placed the threads in due
order, And now all the organs uled in producing the threads ap-
peared in view, cach of them in the aft of emitting its particu-
lar thread. I allo oblerved the Spider elevate the hind part of its
body about the breadih of a ftraw, and then fix the thread which
by the elevation had been drawn out to that length, to the web
which was already {pun about the egas,

I was very deflirous to feec a Spider in the aét of laying its eggs,
which at length I obtained a fight of, and oblerved that they were
not emitted from the fame part as is ufual in all other minute ani-
mals; but from the fore part of its belly, not far from the hind legs,
and near the place, I obferved a kind of little hooked organ,
handlomely fhaped, which I had often belore feen in this animal,
and could not imagine for what purpole it was defigned ; but now
I perceived, thatit extended over that part whence the eggs iflued,
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and I therefore conjettured that its ufe was to depofit them in
regular order within the web prepared to receive them. To give
fome reprefentation of thefe parts, I cauled a drawing to be made
of a middling fized Spider, lying flat on its back, with the legs
contratted, as if it were dead. This 1s fhewn in 7. 23, AB C, and
near to letter D 1s the hook juft mentioned.

This hook I then feparated from the Spider’s body, and pIacing
it before the microfcope I delivered it to the limner, that he might
make a drawing of it as it appeared to him. This drawing is given
at jig. 24, G HIK, and therein between the letters Iand K, certain
folds or wrinkles appear, this organ being fo formed as to have a
greater extent of motion and aftion than ufual. The letters E I
denote that part which was joined to the Spider’s body.

On the firlt of January, I putfome Spider’s eggs into a glals
tube which I conflantly carried about me, in order to difcover
whether by the warmth I imparted to them, they would be hatched
fooner than the ufual time, which is inthe {pring ; and on the 17th
of January I faw above twenty five young f{piders compleatly
hatched, and as many more half way out of the eggs; and in the
evening of the fame day I counted above an hundred and fifty
young ones. The next day, the number was not increafed, for the
remainder of the eggs, to the number of fifty, or thereabouts, were
either barren, or the young [piders were dead within them.

Upon expoling the glafs tube at this cold fealon, to the air for
about a quarter of an hour, the young Spiders lay without mo--
tion, but upon applying fome warmth to it, they began to move,
and the greater number of them crowded themlfelves wogether inan
heap, after the manner of bees, within the web where the egas
had been. On the 21t of January I could difcern eight eyes in
cach of them, which ull then had not been vifible, and on the
25th of January they began to [pin webs in the fame manner as
full grown [piders.
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I had hitherto been at a lofs to conceive how this great number
of young Spiders could be fupplied with nourifhment, confidering
that the natural food of this creature is the fubltance of other in-
fects ; but I now perceived that they had fed on the barren eges
which had been left in the glals, and they afterwards devoured one
another till they were reduced to a very few in number,

I have often compared the fize of the thread fpun by full
grown Spiders with a hair of my beard. For this purpole I placed
the thickeft part of the hair before the microfcope, and from the
moft accurate judgment I could form, more than an hundred of
fuch _threads placed fide by fide could not equal the diameter of
one fuch hair. If then we fuppole fuch an hair to be of a round
form, it follows that ten thoufand of the threads fpun by the full
grown Spiders when taker together, will not be equal in fubftance
to the fize of a fingle hair.* f

To this if we add that four + hundred young Spiders at the time
when they begin to fpin their webs, are not larger than a full

This is found by muliplying the number of Spider’s threads, conftituting the diameter
of the hair (which the Aathor computes to be one hundred) into itfelf, the contents of
cylinders (which round threads may be called), being in the fame proportion as the fquares
of their diameters—

therefors 100 diameters of the thread
multiplied by the fame number 100

the fquare will be 10000  the proportionate fize of the hair,
and this being muluplied by 400 the fuppoled bulk of a young Spider com-

4,000,000
pared with an old one, gives four millions, the proportion afligned by the Author to the
young Spiders threads.

The Author's manner of computing thefe very minute dimenfions, is fully explained
in the Introdufiion,

t The difference in the fize of garden Spiders in Spring and Autumn, muft have been
noticed by almolt every one, and the Awhor in his computation, conliders them as
{pherical or round bodies, which according to the rules of arithmetic, are in the fame
proportivn to each other as the cubes of their refpeflive diameters, Thus, it a young
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grown one, and that each of thefe minute Spiders poffeffes the
fame organs as the larger ones, it follows, that the exceeding fmall
threads {pun by thefe little creatures, muft be {lill four hundred
times {lenderer, and confequently that four millions of thefe mi-
nute Spiders threads cannot equal in fubftance the fize of a fingle
hair. And if we farther confider of how many filaments or parts
each of thefe threads confifls, to compofe the {ize we have been
computing, we are compelled to cry out, O what incredible mi-
nutenels 15 here! and how httle do we know of the works of
nature !

I never could procure a fight of thefe animals when coupling
together, either in the gardens or fields, nor when inclofed in
glaffes, for I always perceived the female to run away at the ap-
proach of the male, and having at one time inclofed three male
Spiders with a female in one glals, the female flew at the males
with fo much fury, and wounded them to fuch a degree, that blood
iffued from their legs and feet. Hereupon I killed the female, and
the next day I faw two of the males lie dead, and the furvivor
employed in devouring the dead female.

Thele are the chief of my obfervations on the Spider, an ani-
mal held in fuch deteftation by many, that they dread even the
fight or approach of it, but in which we find as much perfeétion
and beauty as in any other animal.

Spider’s body is a feventh part the diameter of a full grown one, the latter will be 943

times the bulk of the former, if an eighth part, 512 times.  The proporntien here alfigned
by the author, is nearly the medium between thefe two.

«-r-»:f.::h@»,‘*,
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OfF Tue SILK WORM,

TI—IE Royal Society having recommended to my examina-
tion, the fruitful and barren eggs of the Silk-worm, I procured
a number of thofe eggs, which had been lately laid by the
Moth or Butterfly, produced from that infeét; this was about
the beginning of the month of September. Thefe eggs, when
firt laid, were of a yellowilh colour, which in about two
days time aflumed a reddifh caft, and at fix days end they ap-
peared to the naked eye of a liver colour. Several of thefe eggs
I opened, by taking off the upper part of the fhell with as light a
touch as poflible, and in every one of them I obferved an exceed-
ing fmall and delicate membrane, which to the naked eye appeared
blackifh, but on examining it by the microfcope, I found the real
colour to be violet, but where the violet particles compofing it lay
clofe together, they aflumed a blackifh appearance. This mem-
brane lay next to the fhell of the egg, and I imagined, that within
it the future Silk-worm would be formed; and in the part where
this membrane was joined to the fhell, I faw a minute fpeck or
fpot, which I concluded to be the vital principle, and the rather, as
this fpeck was wanting in thofle eggs which I found to be afterwards
barren; and it is further to be noted, that in the barren eggs no
fuch membrane as I have mentioned was formed, nor did they
change their original yellow colour, This membrane in a fhort
time extended over the whole infide of the egg, and being feen
through the fhell, which is tranfparent, caufed it to appear of a

bluifh colour.
5
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Some of thele eggs, which were fix weeks old, I put into a flat
fcrewed box, which in the day time I carried in my pocket, and
at night placed befide me 1n bed, that they might continually be
kept warm; and in another box of the fame kind, I put fome more
eggs, three weeks old, and thefe my wife (who was always very
warmly clad) conftantly carnied in her bofom. This we did, to
try the experiment, whether it were poflible to promote the
growth of the Silk-worms in the autumn. '

In the month of O&ober I opened fome of the eggs which I had
thus kept by me for about a month, and in one of them, I ob-
ferved a minute Silk-worm, about the thicknels of an hair, and
proportionable in length, but I was not able to diltinguifh any
particular parts in its body. In the fpace of ten days more, I
found larger worms in the eggs, whereupon, I opened fome of
thofe which my wife had carried about her, and in thole, I faw
Silk-worms, which by the microfcope, appeared as large as one’s
finger, and thefe I propofed to have given drawings of, but the
animals foon drying, and all the moifture i the eggs evaporating,
they entirely loft their figure, fo that neither the head nor tail, nor
any other parts of their bodies could be dillinguifhed, although I
had very plainly feen them when the eggs were firft opened.

After this, I from time to time opened others of thele eggs, but
I could not perceive any farther growth in the animals, and at
length all the moifture in the eggs fo dried away, that they loft
their {hape and became flattened.

In the beginning of May, in the following year, I opened
leveral of the eggs which had remained all the winter in my {tudy,
and then I obferved minute Silk-worms within them, and a kind of
globular particles lying clofe to them, which Ijudged would after-
wards be formed into the limbs of the animals.

Towards the end of this month, the Silk-worms increafed in
growth very rapidly, fo that on the 20th of May, upon opening
feveral of the eggs, I could perceive, not only feveral parts of
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each animal’s head, but alflo a great number of fmall vellels in it
which branched out into others extending all over the body, par-
ticularly to thofe parts where I could perceive the claws begin to
appear, and which, therefore I concluded, were nourifhed by
thofe veflels, In fhort, I faw fuch multitudes of veflels, with
their branches, all of a blackifh colour, as is not to be conceived,
for when thefe branches became beyond meafure flender, they loft
their dark tinge, and at length became invifible. And I can fafely
fay, that I do not think I have feen fo many arteries pi€tured in
the drawing of an human body, as appeared in thele objefts, which
I fhould have given a drawing of, but the moifture in thefe
minute veflels dried fo quickly, that they loft their figure, and
could no longer be diftinguifhed.

On the 21{t of May, I opened feveral more eggs, and faw that
many of the Silk-worms in the fpace of the laft twenty-four hours
were fo much grown, that they appeared compleatly formed, for
I could not only fee the head perfettly formed with all its parts,
but alfo all the claws and limbs, and the body every where
covered with hairs: upon opening thefe Silk-worms, I faw the
mteflines, and now the membrane, which hitherto had inclofed
the animal, was difappcarcd the fubftance thereof by this time
having palfed into its body, which had allumed a blackifh colour,
but the head was particularly black, and I percencd fome motion
in the animal when taken out of the egg.

The next morning, upon opening more cggs, each Silk-worm
which had lain in a round pofture within, immediately extended
itfelf and crept about, and I found that all the moifture which
I had hitherto obferved in the eggs was gone, it having pafled
into the body of the worm, which was perleétly dry. In the
afternoon of the fame day, I obferved that feveral worms had
crept out of the eggs placed in my clofet, whercupon I fat about
examining the remainder of thefe eggs, chufing fuch of them,

G2
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wherein the formation of the animal appeared to be leaft ad-
vanced, whereas before this I had opened the moft perfect ones:
and thele T found in the fame forwardnefls of growth as the eggs
I had opened on the 20th of May, and by this time all the dark
coloured bodies of the animals, efpecially the head, might plainly
be difcerned through the tranfparent fhell.

This rapid formation of the Silk-worm, and its motion within
the egg, excited in me the greateflt admiration, and if I had not
profecuted the oblervations I have been relating, I fhould have
thought it ablolutely impoflible: for in the preceding autumn I
had placed thefe eggs in a much greater degree of heat than they
were now expoled to, and yet I could not at that time promote
the perfett formation of the animals within them. And, from my
prefent obfervations, I was led to conclude that it has been an
effential property of this creature, implanted in 1ts [pecies at the
firlt creation, that the vital principle muft le fhut up n the egg
for more than the {pace of fix months, without any augmentation
of its fubftance, except in the formation of that part which is to
ferve firft for the defence and prefervation, and afterwards for
the nourifhment and increafe of the animal, and this is the mem-
brane or {kin I have before deferibed ; and that were it not for
this provifion made by nature, the whole fpecies of the Silk-
worm would be liable to perifh in one year : for if a warm {ealon
in autumn fhould caufe the worms to be excluded from the
eggs, the fucceeding cold and rains muft prove their deftruction.

I obferved, that the Silk-worms always came forth from their
eggs in the morning, and not in the afternoon. Toafcertain this,
on the laft day of May, in the evening, I counted the eggs I had
then left, which I found to be about two hundred. The next
day, namely, on the firft of June, at fix in the morning, nineiy-
feven Silk-worms had come out of their eggs, and the {ame day
at dinner-time, or about one o'clock, thirty-two more. In all the
afternoon, although the atmofphere was warm, only one made its
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appearance ; but the next day, at {even in the morning, forty
more were excluded from their eggs.

I always found that the openings in the fhells, through which
the worms crept forth, was blackifh about the edges, and, as I
could not conceive this blacknels to be caufed, merely by the
touch of their bodies as they crept through the opening, I
carefully obferved the animals at the time they were employed in
biting or gnawing open the egg, and I always perceived, that in
doing this, they frequently emitted a blackifh watery humour or
liquid from their mouths, with which they moiltened the fhell in
that part where they were biting it, and this not merely on the
infide, for when they had made the aperture large enough
for them to emit this Jiquor on the outlide, they then moif-
tened the fhell both within and without. I alfo obferved, that
when the worm was about moiflening the fhell, it ceafed
biting or gnawing for a fhort time, until (as I fuppole) it had
brought into its mouth a portion of the liquid for that purpole,
in like manner as oxen, while chewing the cud, defift at intervals
for a fhort fpace, until they have produced a frefh portion of their
food from their flomachs.

From hence I concluded that without this kind of liquid, it
would be impoflible for the young Silk-worm to open to itfelf a
paflage through the fhell of the egg. And I faw that the animal
was very fparing in the confumption of this liquid; for in that
part where 1t had moiflened the {hell, it continued to bite or gnaw
{without moving to a frefh place), until (as 1t appeared to me) 1t
had eaten or taken into its mouth the liquid, and the bitten or
{craped-off part of the fhell. At which inconceivable perfeftion
in this little creature, I was ftruck with aftonilhment, and I drew
from it this conclufion in my mind, that not only the Silk-worm,
but other creeping infefts, when come to maturity in their eggs,
do emit fome liquid matter from their bodies, in order to folten
the fhell in that part where they are endeavouring to break forth,
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and poflibly this liquor may have in'it fome acute or corroflive
falt, fitted for fofiening the fhell of the egg.

I cannot quit this part of the [ubjett, without exhibiting the
formation of the Silk-worm’s egg, becaule the feveral particles of
which it confifls, are fo firmly and clofely united together, that
they preferve the liquid fubftance within the egg many months
without the leaft evaporation,

Plate II. fig. 25, FGH, is the fhell of the Silk-worm’s egg,
opened by the animal, as it appeared to the limner through
the 'microfcope ; G H, i1s part of the aperture which the worm,

by biting or gnawing, opened for itfelf, and through which it

crept out of the fhell.

Some years after the preceding obfervations, I further profe-
cuted my enquiries by obferving the Silk-worms as they advanced
in growth, which I could eafily do, having two mulberry trees in
my garden, which fupplied me with food for the worms, of which
1 had three or four hundred young ones.

I have often by the microfcope examined the cuticle or thin
fkin which is fhed by thefe infetts the * laft time before they are
full grown, and particularly the more folid part of it which
covers the head; and with great wonder, I beheld in it all the
organs or members with which the head 1s furnifhed, and parti-
cularly 1 faw a number of eyes dilfpofed on each fide of the head,
in fit order to enable the animal to fee every objett around it:
further to examine which, I have feveral times cut off the heads
of full grown Silk-worms, for otherwile they were in fuch continual
motion, that I could not clearly diftinguifh thefe eyes. When
the Silk-worms were changed into aurelias, I faw the fkins of their
heads and the reft of their bodies, which they had put off on the
change, and upon examining thele by the microfcope, I always
found the horny coats of the eyes in their cafl-off {kins. Several

® The Silk-worms fhed their (kins four feveral times, before they begin to fpin their
cone or covering.
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parts or pieces of the head with the eyes in them, I placed before
the microlcope, and delivered them to the limner, that he
naight make ﬁdrawing of one of them,

Fig. 26, QRSTV W, reprelents one fide of the Silk-worm’s
head, with (ix eyes placed therein; on view of which, it plainly
appears that the cye marked with the letter Q, is defigned to
view objefts direftly in front; that marked R, to look a little
obliquely forwards, and at the fame time upwards; the eye
marked S, to look on one fide, and at the [ame time a little
upwards ; that marked T, to look rather backwards, and alfo
obliquely upwards; the eye marked V, to look entirely back-
wards ; and that marked W, downwards. And, confidering that
the eves of thefe creatures are immoveable, the number and po-
fition of them as before deferibed (fix on each fide), are the beft
calculated for enabling the animal to fee all circumjacent objects.

At the famme time, I obferved the teeth or pincers with which
the head is provided, and with which this animal bites or chews
the leaves it feeds on; a row or fet of thele teeth is placed on
each fide of the head, and they moft exaétly fit into or cor-
rel[pond with each other. Fg. 27, ABCDE, reprefents thofe
teeth which were placed on the right fide of the head, and here
may plainly be feen how each tooth has a thicknefs or rifing about
the middle of it, in order to give it firength, whereas the parts of
theteeth between D and E. are exceedingly fharp and fine, in order
more effe€tually to cut or chew the leaves: and each of thefe
teeth has the fame thicknefs or rifing, both on the infide and out-
fide. The part reprefented at ABCD, appears very thick in
proportion to its fize, but upon more narrowly examining it, I
found that this thicknefs did not confift of a folid bone, but was
hollow within, which cavity probably had been filled by fome
kind of mufcle. At A and B, appear two round boney parts,
which in my opinion fit into hollow fockets in the head, {o as to
give the teeth free and [ufficient motion.
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When I firlt examined the Silk-worm’s thread by the micro-
{cope, it feemed to me not to be of a round form but flat, for the
fame thread appeared in fome places four times thicker or
broader than in others, I alfo thought, that cach of the threads
was double, or compofed of two others, foralmuch as the mid-
dle of the thread always feemed darker than the reft, and the
whole appeared, as if one were to fuppole, two tranfparent threads
lying clofe and parallel to each other, and glued or faftened to-
gether, and each of thefe two threads not to be {o pellucid at the
{ides as in the middle.

I next confidered with myfelf, whether thefe fingle threads
might not be compofed of many f{maller ones, and having at
length fournd means to break or feparate them into very finall
{ragments, I plainly perceived each of them to be compoled of a
number of exceflively minute filaments.

Farther, I placed a Silk-worm which was beginning to {pin its
ball or covering, in a glafs tube, ]arge enough to give the animal
liberty to move and turn itfelf about, and I oblerved it to fix the
thread in various places, fometimes to the glafs and afterwards to
the threads already {pun, by means of a certain glutinous or
gummy matter, with which the threads are fmeared when they
firlt iffue from the animal’s body. In the progrefs of its fpinning
or forming its ball or cone, the Silk-worm frequently changed its
polition, and carried the thread by various turnings and windings
1n every direttion, it being im]ﬂantcd m this creature by nature,
always to form its cone or web of an equal fubftance and ftrength
in every part next its body.

Upon examining this cone or ball of filk by the microfeope, I
perceived in hundreds of places, that the threads of which it was
compofed, were not fingle but double threads, and this was more
particularly diftinguithable in thole places where they were bent
in a very {hort elbow or turning in their fixure, either to the gla['s
or to one another. This 1s explained at fig. 28, ABCD, which
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reprefents a very fmall particle of the Silk-worm’s thread, and this
is here feen to be formed of two others, which, for the greateft
part, are joined together as at letter A, but where there is a fhort
turning or winding they are {eparated, and appear in two parts. This
double thread remains united, by means of the vifcous or gummy
matter before mentioned, until, by being immerged in water, the
gum is diffolved.

Now, if we confider that the Silk-worm’s threads are not round
but flat, we fhall prefently difcover the reafon why no fubftance,
whether of wool or hemp, how fine foever it may be, can be formed
into cloths or ftuffs, that will compare with filken garments in the
gloflinefs of their appearance. For, the flat furfaces of the filken
threads, refleét the light more copioufly and ftrongly, producing
their glittering or glofly appearance, whereas the light which
{hines on fmall round bodies is very little refletled from them.

In order to exhibit the flatnefs of thefe double threads more
plainly to the limner, I twilled fome of them a little, and then
~ wng them before the microfcope, I cavied him to make a
diawing thereof. One of thefe threads is fhewn at fg. 29, EF G HI,
and between the letters F G and H I, it 1s piftured as feen
obliquely, proving that the threads as {pun by the worm are not
round but flat; they are likewife fo tranfparent, that one thread
can eafily be fcen through another which is placed upon or over
it.

Let us but attentively confider the make and compolition of
fuch a thread as the Silk-worm’s, bearing in mind allo, how won-
derful mult be the ftrufiure of the creature’s body from which
thefe double threads are produced, each of which again confifts of
a great number of oblong particles or [maller filaments ; and when
we further refle€t that from fo moiflt and watery a body as is the
Silk-worm’s, {uch firong and tough threads are produced, capable
of being applied to the many purpofes we continually experience,

1
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who, upon feeing all this, can refrain from exclaiming with me
“ How mlecrutable and mcomprehenfible are the hidden works of
“ Nature!"

The filken cafe or web of which I am now treating, and which the
induflry and mgenuity of mankind has converted to {o many ufeful
purpoles, is conftruc¢ted by the animal for no other end than that,
when its change into a chryfalis or aurelia approaches, and 1t can-
not then be concealed under the leaves of the trees, nor can during
the time of its change adhere to any thing, nor even change its place,
and during all that time lics as it were motionlefs, it may be preferved
from becoming a prey to birds; and this I am well convinced 1s the
cafe with all infeéts of the caterpillar kind, which, when they are
full grown, and their change approaches, wrap themfelves in {fome
kind of web or covering.

But my chiefobjeét, in all thefe my obfervations, was, to dilcover
as much as poflible the nature of that organ from which thele two
threads proceed, and by what contrivance they are joined fo
clofely together : the common opinion refpeéting which threads is,
that they iflue from the animal’s mouth. For this purpofe I found
it neceflary to fix a Silk-worm on its back, and then the organ,
which 1s placed below the mouth, appeared in fight. Fig. 30, ABC,
exhibits this organ. The parts marked DE and F G are placed
belew the mouth, and the organ from which the threads iflue is
fituated ftill lower. While the limner was making this drawing,
fome part of the teeth appeared in his view, which he alfo included
in the figure, at the letters HIK, and this was done, more clearly
to prove, that the threads do not proceed out of the Silk-worm’s
mouth, as 15 the vulgur opinion, 1

After I had difcovered the particulars above enumerated, I en-
deavoured to inveftigate the matter or fubftance from which the
threads are formed in the body of this infeét. For this purpofe I
cut off the heads of feveral Silk-worms which had begun to {pin
their web or cone, and then I faw, befides the other internal parts:
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two oblong and round bodies four times folded or doubled to-
gether, ‘which I took out of the animal’s body, Thele parts
were almoft twice the length of the Silk-worm, and at one end,
the fituation of which T conceived was 1n the head, they terminated
in a point, and fometimes I faw iffue from this pointed end, an ex-
ceflively {lender thread, four times the length of the Silk-worm.

Thele organs, or rather veflels, in the thickeft parts of them, were
of a red colour, yet when examined by the microfcope they feemed
yellow ; but when I [eparated the inner from the external part of
them, the exterior part {een by the naked eye appeared of a per-
fett yellow,
been jull deflcribing, and of the fame fize it appeared to the naked
eye when dry and contraéted. The letters M and N denote how far
the red cclour extended ; from L to M was of a perfeét yellow, and
here 1 judged that the thread when produced from the interior part
of the animal’s body was kept ready for ufe. At N is the fmall end,
the fituation of which was near the head, and indeed within the
head itfelf. Between L and O, in my judgment, is the way or paflage
through which 1s conveyed the matter or fubfltance of which the
threads are compoled, This part was of a yellow colour, and 1s
longer than here pictured, being broken off at O. Another part
or organ of the fame make and fhape, was allo contained in the
Silk-worm’s body, and from thele two parts the fubftance is fup-
plied for producing the two diftint threads I have been delcrib-
mg.

Sometimes when this part or organ was broken ofl at N, T per-
ceived in 1t a kind of cavity, but extremely minute.

I oftentimes took hold of the end of the thread which the Silk-
worm was preparing to {pin, and drew it out from the body with
fo much rapidity, as by twenty-five times to exceed the {wifiell
motion of the worm in its own [pinning; and I found that when
the thread was drawn forth to the length of about fificen or fix-
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teen inches, it broke off, either near the organ from whence the
threads proceed, (marked in fig. 30, with the letter C) or elle with-
in the body of the Silk-worm itfelf. And on thefe occafions I alfo
obferved that the threads were covered with much more of the
vifcous or gummy {ubftance than ufually adheres to them when {pun
by the worm, which fubftance alfo appeared of a yellow colour.

Further, I took a Silk-worm which had fpun more of its ball or
cone than any I had before examined, and on opening it, I per-
ceived that the part which in fg. 30, had appeared of a red colour
was now quite yellow; and when I opened another Silk-worm
which had, as it were, confumed or exhaufted all 1ts filk in {pinning
the web, the fame parts appeared quite of a pale colour.

When I examined by the microfcope that part which is repre-
fented in fig. 31,at LMN, I difcovered inita great number of blood
veflels, moltly compofed of annular parts or rings. A fmall por-
tion of one of thefe velsels in a place where it divides into two
branches, is reprefented at fig. 32, FGHIK. This was not one
of the largelt vefsels I faw, for near to it was one four times the
fize.

I have at feveral times when the Silk-worms had, as I fuppofed,
nearly finifhed their web or covering, cut it open, in order to
obferve the change they underwent, and at that time I remarked,
that when the fkin about the head became loolened, the worm
was then changed into a chryfalis or aurelia, and nothing wanting
to compleat that change, but the putting off its fkin of a worm.
But when I mylelf endeavoured to ftrip off this {kin, I found the
under one o foft and tender, that I could not avoid injuring it.

Moreover, I have examined by the microfcope the Silk-worm,
when it firfl iffued from the egg, to difcover, if poflible, whether the
exceeding {lender thread fpun by fo minute a creature was a double .
thread, and in more than one inflance, I found this to be the
cafe. Thefe threads I judged to be above a thoufand times flen-
derer than thole fpun by full grown Silk-worms,and they were all
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covered with a proportionable quantity of the glutinous or gummy
matter before-mentioned. In fhort, there is no doubt that the
[ame perfeftions exift in a newly-hatched Silk-worm, as can be
difcovered in one full grown.

I have frequently examined the flying infett, moth or butterfly pro-
duced from the aurelia or chryfalis of the Silk-worm ; and, having
before particularly defcribed the eves of this creature while a worm,
I now employed myfelf to difcover the nature of its eyes, when
changed into a moth ; and for this purpofe I placed before the mi-
crofcope one of thofe organs of fight, which in this animal is com-
monly deemed one eye. This is protuberant or rifing above the
head, rather more than an hemilphere, and 1s compofed of a num-
ber of fmaller optical organs: Thefe I counted with the greateft
exaétnels I was able, beginning at the bottem of the hemifphere,
and proceeding to the [ummit or uppermoft part of it, which dif-
tance made the fourth part of a [phere; and in this fpace I count-
ed thirty-fix optical organs or eyes. But, not fatisfied with my
own computation, I delivered the microfcope to the limner, de-
firing him to count them, and in the fame {pace he reckoned thir-
ty five. This latter number T will fuppofe to be right, and from
it I proceed to compute as follows :—If the fourth part of the cir-
cumference or great circle furrounding a [phere contains thirty-five,
the entire circumference will contain 140. Now Metius informs us,
that, having the length of the great circle in a {phere, the calcula-
tion of the whole fuperficies of fuch fphere is beft and eafieft com-
puted, thus: As 22 is to 7, fo is the quadrature of the great circle
to the fuperficies of the {phere, therefore in the prefent cale the
computation is as follows :—

As 23 -7 1ghoo t40 the circumference or length of the
7 140 {great circle.
aal1g7,200(6236 5boo
e = s 140
] -

19600 the quadrature of the great circle,
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From hence it follows, that each of the fmall parts or organs
of fight of this infeét, which 1s vulgarly deemed but one fingle
eye, 15 compofed of more than three thouland optical organs or
cyes, but 1f both parts together con itute a fpiiere, they then
contain 6236 optical organs or eyes. :

I have cauled this part or eye of the infeét to be drawn of the
fame fize as it appeared to the naked eye of the limner, to give the
better idea of the wonders which are concealed in fo {mall an
animal. This is fhewn at fg. 33, between the letters L and M.
Each of the optical organs contained in this eye is feparated from
the relt by a line or divifion of fix fides, or of an hexagonal figure,
and all thele hexagonal organs or eyes are placed in the moft exact
order that can pollibly be conceived. A few of them, as {een by
the microfcope, are feen at fig. 33, a, 4, ¢, d.

When this htle part, cleared from the optic nerves within it,
was placed before the microfcope, all the furrounding objetts
were clearly to be feen through each of the fmall optical organs
1 have been df:fcribing, thuugh wondcrﬁ:lly dimmutive : for the
great tower or fleeple of our new church in Delfi, which is three
bundred feet high, and about feven hundred and fifty feet diftant
from my houfe, when viewed through any one of thele optical
organs, appeared no larger than the point of a {mall needle
feen by the naked eye: and from hence may eafily be colletted
how minute the optic nerves muft appear to me.

Now, if we confider that a Silk-worm, within the [pace of eight
or nine days, fhall not only have {pun its web, cone, or ball, but
allo fhall be changed into an aurelia or chryfalis, and that in the
fame {pace of time, not only its eyes but all the members pertain-
ing to it as a flying infeét fhall be formed, who can avoid being
firuck with amazement at all thele wonders in one Silk-worm ?
And yet, how little do we difcover in comparifon of thofe things
which now are and for ever will be hidden from our fight ? the
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whole of which I am fully perfuaded no one will ever be able to dive
into, and to explain their caules and effefts.

It we examine the wings of this creaturc by the micr(:lﬂcnpe,
we {hall find them covered with an incredible number of fea-
thers, of fuch wvarious forms, that if an hundred or more of
them were to be feen lying together, each would appear of :
different fhape. To fhew more clearly this wonderful cbjet, I
cauled eight different feathers to be delineated, for I do not
remember that I ever faw them of {o curious a make in any other
flving inle€t. Thele feathers are thewnat fe. 34, ABCDEFCG I
IKLMNO, and the letters ACE GIL N, denote their quills
which were fixed in the membrane or {kin of the wing,

Although the microlcope by which thefe feathers were drawn,
reprefented objetts very diitinctly, the limner could not, through
it, [ee the fireaks or nbs mm each feather, until I pointed them
out to him.  Therefore I put into his hands a microfcope
which magnified objetts almoft as much as that by which the
Silk-worm’s thread was drawn, deliring him to give the figure of
that feather which through it he could fee the moft diftinétly.
This is done at fig. 35, PQR, in which plainly appear a great
number of flreaks or parts like ribs, which give flrength to the
feather, and in fome of thele feathers, where they [pread very wide,
as at the part marked R, I have counted as many as thirty ol
thefe ftreaks, and if we confider that every feather is nourifhed
through the quill which is piétured at P, how many and how various
muft be the vellels in this quill ?

After this, I wiped off the feathers from a part of one of the
wings, that I might difcover how clofe they were placed together,
and I found that they were about an hair’s breadth alunder. And if]
as a certain writer aflerts, 640 hairs breadths are equal 10 one inch,
we may demonltratively conclude, that the four wings of this infect
are covered with more than four hundred thoufand fcathers, for the
lurface of all the wings when laid fide by fide takes up almoft three

At
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quarters of a [quare inch ; and, as each wing is covered on both fides
with feathers, this makes the fpace of an inch and an half {quare. To
which if we add, that the body and legs of this butterfly are covered
with as many feathers as are on the wings, the number of feathers
above enumerated will be doubled.

I then examined the boney parts which give ftrength and ftiffnefs
to thele wings, and I faw more plainly than in other flying infetts
the crooked or twifted veins within them, A very {mall portion
of one of thefe boney parts is fhewn at fg. 96, ABCD EF, within
which is feen that twilted-vein, and where the bone 1s divided into
two parts, the veinis the fame. In the lame figure, at ABH, is re-
prefented a {mall part of the membranc or {kin of the wing {tripped
of its feathers. The dots in it indicate the cavities wherein the
quills of the feathers had been fixed.

It is alfo a pleafant obje@ to behold the curioufly formed claws
in each of the fhort feet of the Silk-worm, and which are fhed or
put oft with the fkin at the animal’s change into an aurelia, one of
thefle is thewn at fig. 37, IK L, and when changed into a flying in-
{eét or butterfly each foot is furnifhed with two nails or claws, with
which it very {trongly clings to every thing it touches. Thele nails
or claws are fthewn at f¢. 38, MN O.

To clofe this fubjett; feeing that the Silk-worm, in its change,
only puts off the [kins of its feet, and that, in the fame places
where, while a worm, it had very fhort feet; it is, when a butterfly,
furnifhed with legs, covered with numbers of feathers, and armed
with nails or claws as before defcribed, the metamorphofis or
change of this creature muft feem almoft incredible, and cannot
but excite in us the greatelt admiration.
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On the nature of the feales of Fifbes, and bow the age of thefe
Animals may be determined by obfervation of the [feales; The
Author’s reafonings and opinion refpecling the Longevity of this
part of the Animal Creation.

IT is the opinion of the Jews that they are forbidden by their
law to ufe the Eel as food, becaule that Fith is {aid to be
without fcales; and in the book of Deutersnomy, Chap. xiv.
v. 10. it Is written, *“ whatfoever hath not fins and {cales, ye may
“ not eat, it is unclean unto you ; ” and in Lewviticus, X1, v, 12, are
thefe words, (which they apply to the fame {pecies of Fifh,) « what-
“ foever hath no fins nor f[cales in the waters, that fhall be an
“ abomination unto you.

- But when I examined this kind of Fifh, by the microfcope, after 1
had cleared away that vifcous or {limy matter which adheres to
them, I found their fkins to be as completely covered with {cales
as thofe of any other river Fifh, which fcales (though very (mall
and thin) lie as clofe together and are placed one on another in as
regular order as can be oblerved in any other Fithwhatever, whether
of frefh or [alt water. Moreover, this [pecies of Fifh is provided with
fins equally as others, namely, one at the head; and one above,
and another below, the tail ; and, becaule I apprehend that this
difcovery of mine is new, at leaft to perfons of the Jewilh
nation, (for to this day they deem this delicate Fifh to be unclean,
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clean, and hold it as an abomination to them,) I determined to
give a figure of one of thefe fcales, (taken from the belly of the
Fifh, where they are the [malleft,) as it appeared through the
microfcope.

Plate III. fr. 1, A BCD, exhibits this [cale ; it was taken from
the belly of a large Eel, which, next the head was of the thicknefs
of feven fingers or thereabouts : on the back and fides of this Fifh
the fcales are larger. The greatelt part of this fcale, A D C was
covered by two others. The part B, was placed towards the
tail, and in this pofition were all the fcales ; they were all prin-
cipally compoled of a kind of globules or little balls, which
globules in many places exhibited an appearance, as 1f they were
covered witha cobweb, which by reafon of 1ts excellive finenels,
could not be exprelled in the drawing.* In thele fcales the globules
compoling them were very tranfparent, though fome more than
others ; again, fome had in them a dark fpot. Thefe opaque
globulea lying In rows contiguous to cach other, produced the
appearance of divers circles or rings on the face of the fcale. And
although I did not obferve thefe fcales to be exattly alike, yet
the circles or rings feemed to me to be of the fame number in all of
them, whence I was led to conclude, that the fcale had been every
year augmented by the addition of one circle, and confequently,
that, as there were feven circles in this [cale, this Eel was probably
feven yearsold. Thefe circles are marked in jfig. 1, by the letters
EFGHIKL, and at X the fcale 1s reprefented of the fame fize
as 1t appeared to the naked eye.

Having examined the fcales on the body of a very large Eel, T
perceived that thofe on the back and belly of the Fifh were placed in
regular and even courfes behind each other, but that thofe between
the back and the belly were many of them laid obliquely, fome

* Tlis appearance {eems to have been afterwards more fully inveltigated by the Au-
thor, and explained by a drawing, as will appear in the following pages.
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towards the belly and others towards the back, but all fo difpofed
as to cover the {kin exaétly in every part,

#Afier this, I examined the matter or fubftance with which thefe
{cales are covered, which, as well as the [cales, has been generally
deemed nothing more than {lime, and is by molt perfons thought
to be an excrementitious matter, adhering to this fpecies of Fifh;
but I am now convinced by experience, and the clearelt ocular
demonflration, that this fuppoled flime does not collett on the
animal’s body from without, but is really part of the body itlelf;
forasmuch as this fubftance, although it appears to the naked
eye, and very often through the microfcope no otherwife than like
a cryltalline or pellucid humour or fubftance, yet in faét it is no
other than a congeries or colleétion of veins or veflels, which in their
exquilite finenefs or flendernefs do almoll exceed belief, fpreading
them{elves one among another in fuch an incomprehenfible and
immenfe number of branches, that I could not contemplate them
without the greatelt admiration. Indeed, many were {o thin and
{lender, that I could not difcover them without the moft careful
attention, and I thought it probable that there might be others ftill
more minute, o as entirely to efcape the fight. Such of thefe
veflels as I could diftinétly perceive, I judged to be fo {mall
{mt’:aﬁ:ring them by my eye) that if one of the globulest of
blood from whence its rednels proceeds, were to be divided into a
thoufand parts, not one of thofe parts could pals through thefe

wonderfully thin and {lender veflels.
From thefe obflervations I concluded, that this {ubftance only

® Thele oblervations of the Author on the Eel appear to have been written polterior
to the time when he publithed the preceding ones, and it fhould feem, that what he betore
defcribes to be an appearance like a cobweb adhiering to the [cales, is the effeft of the
veflels here deleribed,

t The Author's computation of the fize of 2 globule of bloed, will be tound in another
place, where he treats of that lubjeét,
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anfwers the purpole of a membrane or fkin lying next to the fcales,
and that, when an Eel is creeping through a narrow paffage or hole,
a part of this membrane or cuticle, which we call {lime, 1s rub-
bed off in the paflage; and that when Eels are kept in any kind of
veflel without water, and in their motion wear oft this cuticle, they
cannot long furvive; and upon my talking over this fubjett with
a Fifh-monger, who was a very intelligent man in his bufinels,
he confirmed all that I have here mentioned.

Further, I imagined that this cuticle or {kin fo covering the
{cales of Eels, and in fome fort I)t‘t){:ccding from the fcales
themfelves, and the vellels which in a great mealure compole that
(kin which we imagine to be flime, extend {o far and wide, that the
vellels proceeding from one fcale {pread over more than twenty-
five others, and that this 1s the reafon why this {limy matter
covering the {cales is fo thick and tough.

But, not yet fatisfied with thele obfervations, I endeavoured
to find out the veflels in the fcales from whence thefe {limy
excrementitious vellels were [ormed, and in order to exhibit more
plainly the rough or wrinkled make of the fcales, I have caufed an
exceeding [mall particle of one to be delineated, the appearance
of which, by the microlcope, was that of a lucid or bright cryftal,
both within and without. This is fhewn in f. 2, [ K L M, wherein
the fide I M, reprefents that part which was fixed or rooted in the
Fifh, being about the length of two common grains of [and. I have
fometimes divided the fcales of this Fifh into fmall parts, and I always
found that though the wrinkles in them appeared very pellucid, they
were compoled of nothing but thofe inconceivably flender {lreaks,
or rather veflels, mixed and twifted one within another, as is in
fome fort reprefented i this figure by the letters K L. N,

Some years after the preceding obfervations were publifhed,
I received from a perfon of fome note in this city, a parcel of fcales
taken from a very large Carp which had been kept in his Fifh-pond,
and was fo tame that it would take food out of a perfon’s hand,
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But in the time of a fevere froft, the gardener being employed in
breaking the ice with an hatchet, to give frefh air to the Fifh in the
pond, this Carp came to the hole, and unfortunately received a
wound from the hatchet, which occafioned its death. This Fifh
was in length 425 inches, and in circumference at the thickelt part
of its body 33+ inches.

In order more ealily to cut one of thele fcales in pieces, T {teeped
it in warm water, and then I cut off a flice from it, pafling through
that part where the firfl formation of the fcale appeared, which origi-
nal fcale was very minute, and I then obferved forty rows of fcales
lving one on another, or in other words, this fingle feale was a clul-
ter of forty other {cales lying on one another. For every year a new
fcale fomewhat larger than that immediately preceding it, is added
tot he number, and isas 1t were glued to the former ones, therefore
as many of thele feales as are found thus joined together, o many
are the years of the Fifh’s age. This aflertion of mine is however
viclently contradicted, becaule many people think that I cannot
by any means prove what I affirm.

I determined therefore, to cut off a flice from this fcale very
obliquely, whereby the rows of the component feales might be more
clearly dilcerned, and 1 cauled a drawing of this to be made from
the microfeope, whichis fhewn at fiz. 3, ABC D the part reach-
g from A to B, or from D to C denotes the difference in fize
by which each newly-formed feale exceeds that of the preceding
year, the whole thicknels of the feale as it appeared throngh the
microlcope, is the {pace between B and C, but in faét, the real
thicknels, as feen by the naked eye, is no more than that of an
hog’s briftle.

Another piece of the {ame fcale, cut ftill more obliquely, I placed
before another microfcope, a drawing of which is given at fiz. 4,
EF G H. The fpace between E and F is the thicknels of the
fcale, and as many divifions or rows as are there pittured, fo many
of the fmall component fcales lie heaped one on another, (atleall
as lar as the limner was able to oblerve them,) and {o many
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j vears had elapled between the formation of the firlt fcale, and all
the others which were added to 1t.
T'his cutting or flicing off pieces from the {cales, does not fuc-
ceed equally well in all, for fometimes their thinnefs caufes it to
el fail, but if the extremity of cach fcale can but be perceived, the
i age of the Filh may be gathered from it with little danger of
| _ millake. Inorder to fhew this irregular kind of [e€tion, I cauled a
| fmall piece ol that delcription to be drawn {rom the microfcope, and
|
|
|

this is fhewn in fig. 5, I K L M ; here the additional fcales produced
every vear, fometimes appear of a darker fhade than they are in
: reality, and therefore the yearly increafe in fize feems reprefented
| at IO and M O, but the addition of three years growth appears at
£l IOK. Atjfig. 6, between P and Q, is fhewn the natural fize of

! the flice or piece of {cale reprefented when magnified, at fig. 4.
| Since we now find, that the fcales of Fithes are every year
: augmented n the way I have been deleribing, we may form a
pretty good judgment as to the time when this augmentation is
made, by analogy to what we obferve in the other produétions
of nature, and thence we {hall conclude that the additional feales
are compleated at that fealon, when the further growth ceales.
i For this is evident in trees, at lealt fuch as grow in thele re-
gions. The like alfo is the cafe in regard to cows, for between
certain fpaces of time, when their growth is intermitted or
ceafes and when it again returns, it is fhewn in the horns, whence we
il gather that as many knots or rings as are found on the cow’s horn,
| {fo many years of age is the animal. And, though this may not
appear exattly in the lame manner in all creatures, yet we mulk
! allow, that fuch a diftinguithing circumftance exilts, and this is
proved in the falling off of the hair from animals, and the fhed-

ding of feathers by birds, at certain regular periods.

I have often conlidered with mylelf, refpetting the longevity of
Fifhes, and I am perfuaded that in deep and extenfive waters, and
in running {treams, where the water does not corrupt or putrefy,
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they are not liable to any difeafes, nor ever die of old age. Such
wounds as a Fifh may receive, either by fwallowing the hook baited
to catch it, and which, being broken off and remaining in the
ftomach, may caufe an exulceration; or by devouring fome fub-
ftance which it cannot digeft, are not to be deemed difeales, but
accidents.  Now, terreltrial animals, through great fatigne, heat,
cold, hunger or thirlt, may eafily fall into diltempers and die,
but to thole accidents Fithes are feldom or never iubject.

Firft, as to fatigue, this in Fifhes cannot be great, becaufe their
chiel exercife conliftsin the larger purfuing the {maller, in queft
of them for food; or in the flight of the (linaller ones from
the larger; and in thefe exertions the fine juices of their blood can
n no degree, or at leaft but very little, be exhauftedy becaufe in
fuch kind of purfuit or flight, no evaporation can be produced
from their bodies through heat or drynefs; befides, they never
want for drink, by which means their blood, and the other juices
of their bodies are kept continually diluted, fo that the circula--
tion 1s conflantly preferved.

No one can pretend to fay that a Fifh is ever killed by heat, for
many kinds of fifh, in the middle of fummer, and in the burning
heat of the fun, do either play, as it were, on the furface of the
water ; or hide themfelves under the leaves, weeds, or other fub-
flances at the bottom.

As to cold, we do not know that Fifh in deep waters ever perifh
with cold ; but we know by experience, that at fuch fealons they
{eck the bottom of the water. '

As to fDDd, '[}'IC}" are not CdﬁI} killed E_':‘I,-" hung{?r . many I1ihies
live for five or lix months !['piicr:: without any other ruppn-rl_ than
what they receive from the water, or rather from the fusall
particles in it, which are by us commonly confidered as part of
the water only; in fuch a fituation indeed, they increafe little or
nothing in fize, but rather if they were before fat and plump. they
will fall away.
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Iam alfo perfuaded, that all Fifhes which have a conftant fupply
of food, do daily increale in fize, and this without ever ceafing to
grow, fo that any real definite fize cannot be afligned to them, as
it can to terrellvial animals, fome of which arrive fooner, and others
later, to their full and prr[‘c& flature, which they never afterwards
exceed, although they continue to live many years. The reafon
of which, I am convinced is this, that terreftrial animals continue
growing as long as their nutritive juices have force fufficient to
protrude or thrufl themfelves through the cavities of the bones,
and fo to increafe the fize of them, as well in length as in thick-
nels. But when the bones of thele animals, by being expofed to
the air, are become fo rigid and hard, that they cannot be any
more diflended, their farther growth mufl neceflarily ceale, and
any frefh fupplies of nutritive juices can only tend to increafe
the animal’s fatnefs. Butthe bones of Fifhes are for the moft part
deftitute of marrow, and they cannot be rendered rigid by ex-
polure to the air, confequently the very fmall tubuli or pipes of
which they are compofed, are exceedingly foft in comparilon with
thofe of other animals. All which confidered, there feems no reafon
to exilt, why the bones of Filhes fhould not continue always
growing, (o long as the animals do not want for food.

In the lakes with us, where are many Fifheries, Pike have been
caught of the length of 56 inches, and 36 or g8 pounds weight.
Pearch alfo 28 inches long; and who can tell to what fize thele
Fifhes might have arrived, if they could have longer efcaped the
nets ? .98 .




The Author's refutation of the doflrine of equivecal or fpontancous
generation in the inflance of the Sea-Mufcle, with a particular
defeription of that fpecies of Fifh.

1 HAVE been informed, that a book is publifhed at Rome, by a
learned Jefuit, named Philippe Bonanni, wherein he maintains,
that animalcules, or fmall living creatures, can be produced out of
inanimate fubftances, fuch as mud or fand, by [pontaneous gene-
ration, according to the doftrine of Ariftotle; and it feems that
this learned gentleman is himfelf very defirous to fee my obfer-
vations on the {ubjeét. T fhall therefore proceed to confider Signor
Bonanni’s pofitions,and I doubt not, that upon inveftigation, they.
will be found of no weight or fubftance, but will vanifh like fmoke
or vapour.

We will admit, that out of the mud or fand which is found on the
fea-Thore, or the beds of our rivers, at low water, fhell-fith or
teftaceous animals come forth ; but it does not from thence by any
means follow, that they are produced without any regular courfe of
generation,

Among the mud, in the crecks or fhallows of our fea-coalls, are
taken great quantities of that fhell-fith, called Mulcles, which are
ufed by us as an article of food ; and, as I had in the autumn been
employing myfelf in obfervations upon this fpecies of fifh, I applied
to a fitherman who made it his bufinels to catch Mufcles, and
queftioned him as to what his opinion was, with regard to the
propagation of that fifh,
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This fifherman, who was a very intelligent man, and of good
eftimation in his profeflion, and had been brought up to it from his
youth, informed me, that he had often experienced, that in the fame
tratt of coaft where he had found for feveral years fucceflively very
good Mulcles, and in great abundance, yet afterwards in or about
the fame place, very few or none were to be got; for which he
afligned thele reafons :

“ At the time of the Mulfcles laying their eggs or fpawn,
which lafts but for a fhort feafon, this fpawn, by ftrong tides and
heavy gales of wind, will be carried from the places where it is
depofited, and when the water becomes f{till and calm, it will ink to
the bottom, or adhere to the weeds growing there ; and then in the
fpace of two or three years, a good and plenteous Mufcle-bank will
be formed in the place; adding, that by this means Mufcles are
taken where none were ever found before, and Mufcle-banks formed
of very great extent, the fpawn laid by the Mulcles being in fuch
abundance, as to make the [ea-water appear of a white colour.”

If then, at the feafon when the Mufcles depofit their eggs or
fpawn, we take upa quantity of the mud or fandy matter from the
fhore, and keep it covered with water, we need not wonder if we
find Mufcles or other {hell-fith produced from thence; but if we
imagine that this comes to pafs by any other means than the ordi-
nary courfe of generation, we {fhall therein deceive ourlelves. And
for my part, I hold it equally impoffible for a fmall fhell-fifh to be
produced without generation, as for a whale to have its origin
from the mud.

The eggs or fpawn of Mufcles, and other {hell-fifh, being carried
along with the fea-water to the fides of fhips lying in harbours, will
adhere to them, and become fhell-fith, by which means thofe fhips
in their voyages to other countries, will introduce fuch kinds of
fhell-fith as were before unknown in thofe parts.

But how can it be conceived that living creatures can proceed
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from fand, or obtain any nourifhment from thence? for there is
no other difference between the grains of fand, and the beach-
ftones on the fea-fhore, than that the one are larger than the
others ; and, as incapable as glals is of affording fupport to any
living creature, {o is it impoflible for any nourifhment to be found
in fand.

If it were poflible for the mere fand on the fhore to produce
fhell-fith, how much would our coaits abound with them, and not
with them only, but alfo with all other forts of fifh; for the flat-
fifh feed on thele [mall fhell-fifh, and thereby become very fat and
good ; and fo does alfo the whiting,

The chief reafon, in my opinion, why we do not find fhell-fith
in equal plenty, at all times, is, that the firong north-welt winds
blowing direftly on our coaft, do fo ftir up the fand and muddy
bottom on the fhore, that the fhell-fith are thereby overwhelmed
and buried, and fo perifh.

During the laft five or fix years, we have not had any great
ftorms from that quarter, and we have for thefe laft three or four
years fucceflively, had fuch excellent flat-fith, efpecially flounders,
that no one remembers to have {een the like ; the reafon for which
I have already affigned, namely, that the fhell-fith during that {pace
of time, multiplied exceedingly, affording plenty of food for
fattening the flat-fithes, And this is allo proved by experience ;
for whenever flounders are in perfeétion, their ftomachs and bowels
are found to be full of fragments of fmall fhells. And, upon
refletting with myfelf as to the caufe of thefe fmall fhells being
fo broken into fragments, I could not aflign any other reafon
than the following :

The flounder, fole, turbot, and other flat-fith, are formed by
nature with their mouths diftorted and in a different pofition from
that of moft other filhes; and this formation feems to be, for
enabling them to pick up their food from the bottom of the [ea,
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and not to go in chafe of other fifh ; and I conceive that thele flat-
fith, when picking up the fmall (hell-fifh, do break their fhells to
pieces in their mouths (which feem to me to be formed principally
for that purpofe) and then {fwallow them, rejetting thofle fhells
which are too hard for them to break, for which reafon we never
find any very hard or large pieces of fhells in their ftomachs: and
it is not in the power of the flat-fifh to feparate thele {maller ones
from their fhells, becaufe they are all, as far as I have ever obferved,
clofely united to them by ligaments or tendons, and always keep
their {hells clofely fhut.

I have enquired of thofe Fifhermen, whom I thought men of
refletion, what could be the reafon why fome years ago our
flounders were very indifferent, and for thefe laft three or four
years {o exceeding good ; for which they could not aflign to me
any reafon; but when Ilaid before them my [entiments refpetting
thefe filh being fattened by feeding on the fmall fhell-fith, they were
{furprifed thereat, and added, that this might very probably be the
cafe. Butupon converfing with two principal merchants who fend
out fifhing-veflels, they not only agreed with me in my opinion,
as belore related, but allo in the following, namely, that not only
the flat-fith feed fo much on the fmall fhell-fith, but the whiting is
{o abundantly nourifhed by them, that in the fummer-time its flefh
becomes hard and tough ; for this reafon, at the time when the fhell-
filh abound on our fhores, the whiting relorts thither in quelt of
them, and this latter is followed by the cod-fith, which preys on the
whiting.  In fhort, I conclude that the plenty of fifh found on our
coall, proceeds from this caufe only, the great quantities of fhell-
fith which every year breed there.

Towards the end of the month of February, being the firft time
in the {pring that Mulcles were brought to ecur city for fale, I
caufed fome of them to be bought, in order to make my obfer-
vations thereon : I found thele to be very lean, and for a long time -
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my fearch alter their fpawn was fruitlefs, though I could not think
that the time was paft for their depofiting it,

Upon examining that part of the Mulfcle which is called the
beard, I not only found it of a wonderful make, but the motion I
faw in the fmall component parts of it was fo incredibly great, that
I could not be fatisfied with the fpettacle; and 1t is not in the mind
of man to conceive all the motions which I beheld within the
compals of a grain of fand. _

When I oblerved the large and ftrong tendons or finews in the
Mufcle, which are fixed to the fhell, and thofe which lie in the
fame order and pofition as the 11bs in a terreftial animal, I thought
that we cannot fufficiently admire the wonderful make of this fifh ;
and that if we could obtain aninfight into all thole parts which we
fee in one of them, and could we aflign their feveral ufes, and give
them names, and allo make drawings of them, I doubt not that we
fhould admire fo elaborate and curious a work, beyond many
others of nature’s produtions; and that thofe perfons who now
affert that fhell-ifhes (among which the Mulcle is in leaft
eftimation) are produced {pontancoufly, or of themfelves, would
renounce their opinions, and embrace the truth, namely, that fo
perfett a creature cannot be produced from corruption, congealed
water, or mud, but can only be generated by parents of its own
fpecies.

I obferved that every Mufcle was provided with a kind of ftring
or ligament, which, at a little diftance from the fith, was divided
into 8, 10, 12, 15,and even 20 other ligaments of different lengths;
and with thele ligaments, I obferved, that the Mulcles faftened
themfelves to other Mufcles, and alfo to pieces of fhells, and to
{hell-ffh of other fpecies.

I was defirous to know how this faltening was cffefied, and
which I immediately difcovered; for I faw, to my great [urprife,
that the extremity of every ligament was provided with a thin flat
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membrane or fkin, of a roundifh fhape, which was as firmly fixed
to the fhell on which it was placed (the ligament being in the
middle of it,) as if it were glued to the fhell; and when I endea-
voured to pull off the ligament, I found, by feveral trials, that
(though it was very {trong and tough, in proportion to its fize)
it would break before the flat thin membrane could be loofened.

Hereupon I recolletted, that when a boy, I had often amufed
mylfelf with a play-thing which we called *‘ een Treck-leertje.”
This 1s a fmall round piece of leather, about two inches in diameter,
having a {mall hole in the middle, through which was drawn a
packthread, with a knot at the end. This leather being firft foaked
in water, was placed flat on a flone, and with this we could not
only lift up the ftone, but carry it to fome diftance.

Now, upon the fame principle as the f{tone adheres to the
leather, partly by the preflure of the atmolphere, and partly
becaufe no air or water can gain admittance between the {tone and
the leather, the like effeft is produced in the cohefion or fticking
of the membrane I have been defcribing.

I have thought it proper to give a drawing of the ligament
before-mentioned, and its feveral branches; and in Plate 1II. f. 8,
is fhewn a part of it, which is cut off at A in the part which comes
out of the fhell; this in fig. 7,1s fhewn at B E of its natural fize,
In fig. 8, F G H1 K are {een the ramifications or branches, or rather
a fmall part of them ; and at L M is {hewn one of the fhort liga-
ments, with its membrane N O P, the ligament here appears on the
upper fide of the membrane, in like manner as if the latter was
fixed to fome other fhell; and here are to be feen the many
parts whereby the ligament is joined to the membrane, which
latter alfo appears fomewhat elevated at the place of joining.

* That is, in Englifh, a pulling, or drawing-leather ; it is a common play-thing among
boys in England, and is ealled by them a fucker.
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At QR is reprefented another ligament, and at S T V its mem-
brane, with the concave part of it, appearing open, being in a
contrary pofition to the former reprefentation. I have often feen
this cavity reach into the ligament as far as M or R, but otherwile
it 1s quite clofe and compatt.

Each of thefeligaments confifts of a great number of exceflively
fmall particles, which cannot be contemplated without the greatelt
admiration, efpecially when we recolleét the power which the
Mufcle has of moving each of thefe ligaments, and alfo that the
membrane muft be placed quite fmooth and flat upon the fhell, to
which it is fixed, in order to caufe it firmly to adhere thereto.

Now, if we farther confider that Mulcles, while in the fea, always
hie with that fhell upwards which they open occafionally, and that
their fhells (which are very thin) and their bodies together are but
little heavier than the water wherein they live, and alfo that many
of them at low ebb-tides are left deftitute of water, at which times,
in my opinion, much air muft infinuate itfelf between their fhells, by
which means they become lighter than the water ; they would then
be liable either with the ebb to be carried out into the deep, or by
the flood to be thrown upon the land, and {o would perith. But
provident Nature has taken care to preferve them in this refpeét,
by furnifhing them with a ligament, {preading into various branches,
and at the end of each branch an organ, which I have named a
membrane, by the help of which the Mufcles can fix themlfelves
either to empty fhells, or other fubftances, or to cne another, by
which means they are preferved.

But as my principal defign was to difcover, as far as poflible,
the generation, or procreation, of thefe filh, I come now to that
part of the fubjett.

I obferved, that thefe Mufcles, fome in a greater, and others in a
lefs degree, had the outfides of their fhells covered with a kind of
fubftance, thinly fpread upon the fhell, and firmly adhering to it, or
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rather to the membrane which covered it. Obferving this by the mi-
crofcope, I [aw that the particles of which it confifted, were all of a
fimilar form, and alfo placed fide by fide, in regular order, and the
membranes or fkins of thefe particles, asit were, united, or clofely
joined together. I {eparateda partofthisfubflancefrom thefhell,and
placing it before the microfcope, I found that all the regularly dif-
pofed particles were much longer than they were broad, alfo that
one of their edges was roundifh and thick, the other terminating in
a point or edge, and moreover that in many of them one fide was
rifing, and the other flat; in a word, many of thefe particles, in
fhape, were very like a Mufcle; and I not only thought that they
were the eggs or fpawn of the Mulcle, but I alfo obferved, that
when I broke the {lrong membranes inclofing them, feveral of the
eggs, which were in fhape like a Mulcle, appeared lying fingly and
ﬁ?parateljr" on the outfide of that membrane ; and when I [eparated
thefe unformed Mufcles fingly, one from another, I imagined that
I could fee the membranes or tendons of which they were com-
poled.

I alfo faw the fhells, membranes, or coverings of feveral eggs
which were empty, and which I faw, or more properly fpeak-
ing, imagined to be barren eggs. In other parts of this fubftance
I faw eggs wherein I concluded that there were unformed Mulcles,
which conclufion I gathered from the multitude of veflels which I
{faw, which vellels conftituted the fhape or figure of a Mulcle.

Thele eggs were not larger than a grain of common [cowering-
fand.

Moreover, I oblerved, that the fmall or taper ends of the fhells
were feldom or never covered with the fpawn or eggs, the reafon
of which I took to be, that at the time the Mufcles emit their fpawn,
they lie with the flat and broad part, as fhewn at fiz.7, AB CD,
upptrmoﬁ, and that part marked with the letter A, next the ground,
or bottom ; for I have often oblerved, that when Mulfcles have
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been cleaned and put into a vellel of water, and an handfu! of {alt
thrown upon them, many will be foon found placed in the pofi-
tion I have mentioned ; and while they lie in this pofitien, and the
eggs are put forth from the part marked C D, there mult necef-
farily be more eggs lodged near that {pot, than towards the farther
end of the fhell.

Several of thefe Mufcles I placed in my fludy, in two glafles of
water, with fome falt f{prinkled on them, in order to examine
them daily, and fee the progrefls of growth in the young ones;
and upon this occafion, I could not fufficiently admire the exatt
and regular order in which the eggs were in many places dilpofed,
juft as if they had been fo placed by men’s hands; and from
hence I was convinced that Mufcles do not, like many other fithes,
lay their eggs promifcuoufly, but that they mult be furnifhed with
fome kind of organ, which they can projett beyond the fhell, and
with 1t difpofe them fo regularly.

I have before faid, that I thought I faw a kind of finews or
tendons in the eggs; and upon further examination, I perceived
fixteen of thefe tendons, like {lreaks, in the unformed Mufcle, and
among them I faw fome fhll fmaller ftreaks, from whence I con-
eluded, that they were in fact, veflels to form the fubllance of the
future {héll, for they lay all in one dire€tion, thatis, from the {mall
end, fpreading or diverging round about ; and they were thickeft at
that part, and thinneft at the extremities, fpreading wider towards
the broad and thin end of the fhell : T cauled a drawing to be made
of a few of theeggs, in the order they lay on the parent fhell, and as
they appeared through the microfcope ; this is thewnat fig. g, A B
C D E, reprefenting eight of them, in fome of which it may be
feen that one fide is more curved than the other, and in which eggs
may allo be feen the finews, veflels, or ftreaks I have mentioned.

Upon confidering that the lobfter and the thrimp carry their eggs
about them until the young are perfettly formed, it feems probable
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to me, that this is alfo the cale with the Mulfcle, for otherwile, how
could this {pecies of fifh be propagated? elpecially if we confider
that they lay their eggs in the middle of winter, and are generally
in fhallow waters, where the fhore is muddy ; and if the eggs were
not depofited on the fhells, they would be buried in the mud, with
the common flux and reflux of the tde; not to mention that in
flormy weather they would be carried out to lea; but while they
are fixed to the fhells of the parent, and thefe laft adhering to folid
fubftances on the fhore, the eggs are, by this means, in great num-
bers, preferved ; and thefe young Mulcles, when come to fuch ma-
turity as to be feparated from the fhells, may, in windy weather,
firong udes or currents, be cafily carried to other mudd}' fhores
on the coaft, in places where for many years before no Mulcles
were to be found.

I have made a rough calculation of the numbers of thefle eggs,
and I compute that there are frequently more than two thoufand
fixed to the fhell of one Mulcle; in faét, I have fecen Mulcles,
each of which I judged had more than three thoufand on it.

I have before faid, that the egas of Mulcles are the fize of com-
mon {cowering-fand, but as this 1s not of the fame fize in all
countries, I compute that, to the belt of my judgment, feven of
thefe eggs, in breadth, are equal to the fifteenth part of an inch,
confequently the breadth of 105 eggs, is equal to one inch ; and I
alfo compute, that fixty eggs, in length, make an inch ; therefore a
fquare inch will contain 6300; and as each eggis no thicker
than broad, 105 of them muft lie one on another to make the
thicknefs of an inch; the fum total then of the eggs which will be
contained within the {pace of a cubic inch, is 661,500 ; and hun-
dreds of fuch eggs may lie under fhells, fand, or mud, without being
perceived, and yet Mufcles be produced from them,

Having taken fome of the unformed Mulfcles out of the eggs, I
caufed a drawing to be made of their figure, as near as the Engraver
was able to imjtate it ; this is fhewn at fg. 10, F G, which repre-
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fents fuch an unformed Mulcle, inclofed in its membrane, or
covering, in which the ftreaks before-mentioned, did not appear,
until the greateft part of the moiflure thereof, was evaporated.
Fig. 11, HIK, fhews another of them, the flreaks, or veflels in
which, between I and K, appear feparated, or {undered from each
other; and this was done in the taking it out of the egg, being in
that operation deprived of the {urrounding membrane, or {kin.

At the latter end of April, when I had finifhed the preceding
obfervations, I received a large jar full of Mulcles out of Zealand ;
upon examination of which, I was much f{urprifed to fee that moft
of the fhells were quite fmooth and polifhed, being not only deftitute
of eggs, but for the moft part, bare of the membrane, which gives
them a blackilh colour, {o that they now appeared of a lively blue;
however, I found four or five with perfett eggs on them, and in
them were young Mulcles; fome of thele I took out of the eggs,
and now plainly faw, that what I had at firft taken for the unform-
ed Mulcle, was, in fact, only the hgament, or ftring, whereby the
young Mulcle was nourifhed. A drawing of the real fhape, as it
now appeared to me, is given at fig. 12, where G H I reprefents
the ligaments of the unformed young Mufcle, and I K the Mulcle
itfelf ; another of them is reprefented at fig. 13, where L M {hews
the ftrings or ligaments, and M N the Mulcle ; and this lalt figure,
I think, exhibits the true form of the young Mulcle, as it lies in
the egg ; and, from thele laft obfervations it appears, that the parts
reprefented in fig. 1c, at G, and in fig. 11, at H, were only the
fubftance, or matter, from whence the Muicle would be formed,
and which, at the time when that drawing was made, had not
come to fufficient perfettion to render the parts diftinguifhable.

Now, fince we fee, that the eggs of Mulcles adhere fo long to the
fhells of the parent, before they are perfeétly formed, and alfo con-
fider that during all that time they muft be fupplied with nourifh-
ment, we fhall not wonder that the parent Mufcles, during that
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time, do become lean, efpecially in the month of April, for then
the young are moft in need of fuftenance.

‘We may alfo here obferve, that in our enquiries after any truth,
and more efpecially in regard to the generation of fmall living
creatures, which cannot be examined by the naked eye, we ought
not to rely on any tales that are told on thefe fubjetts, but on our
own experience, and even that not lLightly, but by long and un-
wearled trials and experiments, whereby to come at the truth.

In the courfe of the laft obfervations, I examined that hard and
variegated, or marbly-coloured part, lying in the middle of the
Mufcle, which fome call the heart, and others take to be the tongue:
of this fith; and when, upon opening the Mufcle, I cut out this
part, and placed it before the microfcope, I oblerved fo tremulous
or quivering a motion in the furface, as if millions of little living
i | creatures were running about upon it; befides another motion,
| which the part had to and fro. This part, the Mulcle can extend
{fo far, that I think it will almoft reach all over the fhell, which
made me think that, perhaps, by this organ, the eggs are placed on
the fhell in the regular order I have before defcribed.
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Of the Mufele which is found in fiefb water; a particular defeription of
1ts internal formation, and of the manner in which its young are pro-

duced.

I HAVE obferved, that when our navigable canals here in
Holland, or our ditches are cleaned, a kind of large filh are taken
from the bottom, named by us, “ * Veen Moflelen,” or Peat
Mufcles. Of thefe I procured fome, which were about three or
four inches long, with very thin fhells,

A countryman, whom I faw colleéting thefe fhell-fifh, told me
they were to be found under the banks, and in the fhallow parts of
the ditches, or canals, among the leaves and twigs, or other litter ;
and, indeed, I have feen them taken in thofe places; but as I was
certain that thefe thallow places were frozen to the bottom in the
winter, which the fhell-fith could not furvive, I was told that they
had a power of moving from place to place,

To fausfy mvlelf, in this refpect, I made two experiments on.
thefe Mulfcles, of which I put fix or eight into an earthen veilel,
with a flat bottom, and poured on them fome of the fame water in
which they were taken; this veflel I placed in my fludy, and I
found that in a few hours time, they had all changed their pofi-
tions, and had approached nearer together, than they were when:
firft placed in the veflel.

* This word, * Veen,” means the Turf or Peat, which is dug up in great quantities in
Holland, and is their principal article of fuel. Our author has a very ingenious differ-
tation on the origin of this fubftance, a tranflation of which will be found in its place.—
Thefe frefh water Mufcles are found in the rivers in England.
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And I obferved, that thefe Mufcles, about the middle of their
fhells, thruft out, through the opening, a flefhy fubftance, or organ,
about two-third parts the length of the fhell ; this part was about
half an inch broad, and fharp at the end; and in order to move
themfelves from place to place, they thruft this organ under their
fhell, and applying it with a quick motion to the bottom of the
place where they lay, could by this means not only change their
polture, but turn themfelves upfide down.

At the end of the month of Auguft, upon opening fix of thefe
Mulcles, T found many eggs within them, which were fo perfeét,
that I could diftinguifh the newly formed fhells, fo that they were
not {o properly to be named eggs as unborn Peat-Mufcles. Two of
the parent Mulcles were {o fmall, that I judged they were not above
a year old, whereas the others were, in my opinion, fix, eight, or
nine years old ; but the young Mulcles were of the fame fize in all
of them,

In the begimning of September, I procured about fifty more of
thele Mufcles, and upon opening twelve of them, I found two,
wherein the voung ones feemed to be fo perfeét, that they would
probably foon be excluded from the parent. I always found that
the eggs were firft formed in the flefhy part of the Mufcle, but as
they adv:mccd in growth, they were moved to that part which, in
oyllers, is called the beard, and which, by the great number of the
young Mulcles contained therein, then {wells in bulk.

As there are many perfons who are unacquainted with this
fpecies of Mufcle, and others who may wifh to inveftigate the par-
ticulars of my oblervations, I have caufed the following drawings
to be made :

Fig. 14. G H 1 K L, fhews one of thefe frefh-water, or, as I call
them, Peat-Mulcles, of the ordinary fize, which is opened fo as to
leave the whole of the fith lying in one of the fhells; at HIK, is
reprefented the empty fhell, and at M M, the two tendons, or
finews, by the help of which the fifh {huts and opens the fhell ; and
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here it is to be noted, that thefe filhes, by reafon of the length of
their fhells, are each provided with two of thole tendons, or linews,
whereas oyfters and falt-water Mulcles haveonly one. NOP s a
thin membrane, or fkin, lying folded up, with which the whole
infide of the empty fhell had been covered, or lined

QRS is one of the two receptacles wherein the eggs, as they
advance to maturity, are lodged, and which parts do then become
{wollen thereby, but at other times they are very thin; thele parts,
in oyflers, are called the beard; TV is the other of thefe recep-
tacles,.which, in oyfters, 1s allo called the beard ; and in thefe re-
ceptacles, I did not obferve any thing particularly remarkable,
except their wonderful make.

W X Y is a folid flefhy part, wrinkled on the outer edge, and in
refpeft of the other parts of the fifh, very llrong; this part, as I
have already mentioned, the Mulcle protrudes, or thrufls out of its
fhell, to a confiderable length, when it prepares to change its place ;
and when at reft, it generally has a fmall portion projeéting out
of the fhell ; but if it be touched, though very lightly, it immedi-
ately. withdraws it.. The {pot marked with the letter Y, is the
place where the eggs lie before they are depofited in what we call
the beard ; and if an incifion be made in this part, the eggs, with a
watery liquor, iffue forth.

Some of thefe Mulcles I opened in the prefence of the Engraver,
in order, that as foon as [ had taken fome of the young ones out of
their receptacle, he might make a drawing of them, for, were they
fuffered to ftand but a few hours, their true figure would be loft.
The unborn Mufcles being put into a glafs tube, and placedbe fore
the microfcope, 1 faw with aftonifhment 2 moft pleafing {peétacle,
for every one of them, each in its particular membrane or cover-
ing had a {low circumvolution, and that not for a fhort fpace of
time, but fuch turning round or rotatory motion was obfervable for
three hours afterwards, and it was the more curious, becaufe the
young Mufcles, during the whole of their motion, conftantly kept in
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the centre of their membranes, juft as if one were to fee a ﬁ)]iere
or globe revolving upon its axis. This uncommonly pleafing {pec-
tacle was enjoyed by myfelf, my daughter, and the Engraver for
three whole hours, and we thought it one of the molt delightful
that could be exhibited.

Fig. 15. AB CDE exhibits fix of thefe unborn Mufcles in-
clofed in their refpetive membranes; they were drawn by the En-
graver in the molt accurate manner he could, while they were in
motion. Of thefe, T computed that each parent Mufcle contained
fome thoufands.

I had at the fame time fome unborn Oyflers before a microfcope
which I had taken out of the parent Oyfter five weeks before, and
as they ftill appeared perfett in fhape, I caufed a drawing to be
made of them alfo, and this is thewnat i, 16, F G HI. In fome
of thefe the openings of their fhells were plainly to be difcerned.

Thefle young Oyfters bore the moft exaét refemblance to full
grown ones, though they were fo minute that one hundred of them
laid together would not equal an inch.in length, and I have com-
puted that each parent Oyfter contained three or four thoufand of
them,
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On the Circulation of tte Blood ; that it is not difcoverable by tle fight,
in an human body, nor in the bodies of terrefirial animals: the fame
completely feen in fifbes, and the nalure of it particularly defcribed.

THE Blood is compoled of exceeding lmall particles, named,
globules,  which, in moft animals, are of a red -} colour, {wimming
in a liquor, called, by phyficians, the ferum; and by means of thefe
globules the motion of the Blood becomes vifible, which otherwife
would not be difcoverable by the fight, Thefe particles, or globules,
are fo minute, that one hundred of them, placed fide by fide, would
not equal the diameter of acommon grain of fand ; confequently, a
grain of fand is above a million times the fize of one fuch globule.
I have often endeavoured to view the circulation of the blood in
terrefirial animals, but without fuccefs, by reafon that no parts of
their bodies were fufficiently traniparent. Among others, 1 tried
the experiment with a young Cock ; which I wrapped in a cloth, in
order to keep him quiet, leaving out only his head; and infpected
his comb, but could not therein perceive the motion of the Blood :

* Later writers contend, that the particles of Blood are not fpherical, as this word imports,
but plane, or of a flat thape ; and this Mr. Leeuwenhoek admits to be true with regard to
filhes. However, the word globules is always ufed to denote the component particles of the
circulating Auid,

t Infome fithes the Blood is notof a red colour, and alfo ia many infeéts, which have been
therefore improperly denominated exfangues, or bloodlefs.
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I afterwards examined his gills, or thofe parts hanging under
the throat, and there I faw it running in an inconceivable num-
ber of vellels; many of which were {fo minute, that numbers of
them taken together would not equal the fize of a fingle hair:
but it was impoeflible for me to trace the circulation in them, by rea-
fon of their immenfe number, crofling each other in all directions :
for the rednefs which we obferve in a cock’s comb and gills, proceeds
entirely from the great number of blood-veflels on their {urface,
where they are only covered with a thin tranfparent fkin. _

After this, I made my oblervations on white Rabbits, by placing
their ears before the microfcope; but, with all my pains, I could
not do more than fee the Blood running with great fwiftnefs through
the arteries and veins. When I plucked off the fhort hairs from the
extremities of the ears, becaufe they obftructed my fight, I obferved,
that the pulling off each hair had broken or injured feveral of the
vellels, and caufed an effufion of blood. From hence I gathered the
reafon, why I had perceived that the pulling out any hairs from the
back of my hand produced a rednefs in the part ; and I now con-
cluded, that we cannot pull out a fingle hair from any part of our
bodies, while fuch hair is growing, without injuring fome veflels, {o
as to caufe the Blood to fiart.

But my greateft expectation of fuccefs, was placed on a Bat, be-
caufe I conceived that the membrane, or fkin, which ferves this ani-
mal for wings, muft be fo thin and tranfparent, as to afford a view
of the vellels. And, having procured one of thefe creatures, I putit
into a glafs and examined it by the microfcope. Here I {faw the mo-
tion of the Blood, both in the arteries and viens, mofi diftin¢tly, and
fully to my f{atisfaction, though by no means fo clearly as is to be feen
in fithes; firfi, becaufe the membrane compofing the bat’s wing, is
not {o tranfparent ; fecondly, becaufe there is more of the watery part
(or ferum, as it is called) in the Blood of fifhes than in terrefirial




( 91 )

animals ; and thirdly, becaule the particles of blood from which its
rednefs proceeds, appear much larger in fifhes, they being of a flat
and oval fhape; whereas, on the contrary, as far as 1 could judge
from my eye, they, in this animal were fpherical. I ufed every
means I could devife to fee the compleat circulation of the blood,
namely, that one of the fmallelt of thofe vellels which we call veins,
arofe from another which is called an artery, and afterwards con-
veyed its contents into a larger vein; but this I found to be impofli-
ble, for when I followed the courle of the artery, until it became {o
{mall as only to admit one or two globules to pals through it at a
time, I then loft fight of it. If this artery, throughout its circuit, had
not been {maller than the twenty-fifth part of an hair, I do not doubt
that I could have feen the whole circulation ; but as thefe veflels
were at their extremities diminifhed to a much lefs fize, and the
membrane of the wing was covered with a kind of fcales, I could not
(as I have before faid) follow with my eye thofe minute ramifica-
tions. I perceived, however, in many places, an artery and a vein,
placed clofe befide each other, and of a fize large enough to admit
the pallage of ten or twelve globules of blood at the fame time; and
in this artery the blood was protruded or driven forward with great
{wiftnels, and flowed back through the vein, which was a moft plea-
{ing fpectacle to behold.

1 could alfo molft plainly perceive in the arteries, the rifing, or pul-
fation, caufed by the motion which the blood receives from the heart ;
thefe pulfations were {o rapid that 1 judged feven firokes were per-
formed in a {fecond of time,

The worm, or {mall animal which is produced from the {pawn of
frogs, and is called a tapdole, afforded me a ftill more diftinét view
of this fubje¢t; for, upon placing one of them, which was newly
hatched, before the microfcope, I could diftintly perceive the whole
circuit of the bleod, in its paflage to the extremities of the veflels,
and in its return towards the heart, But I muft here obferve, (as
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before mentioned) that if this blood had been an uniformly clear
liquor, its motion could not by any means have been difcovered; but
as it confilted of a very tranifparent fluid, mixed, as it feemed, with
globules of different fizes, which were plainly to be diftinguifhed,
though they had not, as yet, in this creature acquired any colour,
the circulation was thereby rendered very apparent.

When thefe tadpoles were about eight or ten days old, I could
perceive a {mall particle moving within their bodies, which I conclu-
ded to be the heart; and the fluid which was protruded from it
began to aflume a red colour.

Upon examining the tail of this creature, a fight prelented itfelf,
more delightful than any that my eyes had ever beheld; for here I
difcovered more than fifty circulations of the blood, in different
places, while the animal lay quiet in the water, and I could bring it
before the microfcope to my wifh. For I faw, not only that the
blood in many places was conveyed through exceedingly minute
vellels, from the middle of the tail towards the edges, but that each
of thefe vellels had a curve, or turning, and carried the blood back
towards the middie of the tail, in order to be again conveyed to the
heart. Hereby it plainly appeared to me, that the blood-veflels I
now faw in this animal, and which bear the names of arteries and
veins, are, in fact, one and the fame, that is to {ay, that they are pro-
perly termed arteries {o long as they convey the blood to the fartheft
extremities of its veflels, and veins when they bring it back towards
the heart.  For example, I fee many blood-veflels in the tail of a
tadpole taking their courfe, as reprefented in Plate IV. fig. 1. ABC,
where the pofition of the parts A and C is towards the {pine or mid-
dle of the tail, and the part B towards the edge of it. In A B, the
blood is driven from the heart, and in B C, it is brought back again,
and thus may we fay, that the vellel A B C, is both an artery and a
vein, for it cannot be denominated an artery, farther than where the
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blood is driven in it to its fartheft extent, that is, from A to B; and
we muit name B C, a vein, becaufe, in it, the blood is returning

back to the heart. And thus it appears, that an artery and a- vein
are one and the fame vellel prolonged or extended.

In the part where I {aw this circulation, the arteries were no lar-
ger than to admit a fingle particle of blood to pafs_freely through
them : thefe particles, though in this creature they were of a flat and
oval {hape, yet fometimes by reafon of the fmallnefls of the artery,
allumed a kind of oblong round figure, and when the animal, by
being taken out of the water, grew languid, the blood in thefe very
minute arteries began to ftagnate, and when it again acquired mo-
tion, many of the globules appeared twice as long as broad, and alfo
pointed at their extremities.

In another place, I faw a larger artery divide itfelf into two
branches, which are thewn at fig. 2. D E, and each of thefe branches
returned back with a curve, as reprefented at EF and E G. Now,
if we denominate D E F, and D E G, arteries, becaufe, in them the
blood is driven outwards from the heart, it follows that F H, and
G 1 K, muft be veins, becaule they each bring it back towards the
heart.  Again, not far from K, was another fmaller artery, which
is figured at M L; this was united to the vein I K, fo that the
artertes DEG, and M L, togcthcr formed onevein atl K. Ina
word, in this figure, HI" is a vein, D E F and D E G, are arteries ;
GIK and K 1L, are veins, and M L is an artery ; and yet we mult
fay, that thefe are only the fame vellels continued.

In another place 1 faw three of the fmalleft arteries, after return-
ing in a curve, as before defcribed, unite in one, and thus form a vein
three times the fize of each artery. But all thefe three veflels with
their bendings wherein the circulation was performed did not occupy
more {pace, than could be covered by a grain of fand.

I often perceived an artery, taking its courfe over, or crofling
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a vein, and, if a perfon did not clearly fee the different courlfes of the
veflels, he might conclude that here the circulation was performed
or compleated, and this I faw not only in the fmalleft veffels, but in
thofe which were ten times larger. This tranfverfe courfe, or cur-
rent of the vellels, I had often before obferved in terrefirial animals,
whilft T was endeavouring to difcover the conjunétion of their arte-
ries and veins.  But, as I became then well aflured, that this cou-
Junction, or circulation, did not take place in the larger veflels, but
in the very fmalleft of all, (for otherwile I am perfuaded, that all the
parts of the body could not be fupplied with nourifhment) and that
therefore I fhould in vain attempt to difcover fuch circulation, I, fome
years ago, abandoned the farther inveftigation of it. For, if we now
plainly perceive, that the pallage of the blood from the arteries into
the veins of the tadpole, is not performed in any other than thofe
veflels, which are fo minute as only to admit the paflage of a fingle
olobule at a time, we may conclude that the fame is performed in like
manner in our own bodies, and in thofe of other animals. And if
fo, it muft be impoflible for us ever to difcover the paflage from the
arteries into the veins in the human body, or of any terrefirial ani-
animal ; firft, becaufe a fingle globule, when lying in one of thofe
minute arteries, has not any vifible colour, and fecondly, becaufe, in
thole veflels which are fo large as to come within our fight, the
blood has not any perceptible motion.

The particles in the blood of frogs are (as before obferved) of
a flat and oval fhape, and thefe, when viewed fingly, appear, as I
may fay, colourlefs ; but when two are laid on one another, they
appear a little of a reddith caft ; and where three are together. the
rednefs becomes deeper. This may be explained by fig. 5. wherein
A reprefents one of thefe oval particles, which, in part, is covered
by another particle B; and C is a third particle, covering a {mall
part of both A and B; by which means the part at D, where the
particles are three-fold, acquires a fiill darker colour. But when
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I have attentively examined one of thefe oval particles on the edge,
as is feen at E, 1 have found it exhibit a ftronger blood-red than
where three particles lay flat one on another.

Among the tadpoies, which I caufed to be taken cut of the canals,
I perceived a few very finall fithes, having their {kins marked with
dark fpots, fome of which were of the figures of little fiars. This fpe-
cies of fifh I judged to be of its full fize, becaufe I had never feen any
by the naked eye of the fame fhape as thele appeared when magnified.
One of them I placed before the microfcope, and, upon obferving the
finny part which conflitutes the extremity of the tail, I plainly faw
the fame kind of {lender arteries and veins as I have before defcribed,
though with more difficulty than in the tadpole, partly, becaufe
this fifh did not long continue quiet, and partly becaufe the parti-
cles of Blood (which, in thefe obfervations appeared to me no
other than globules) were much {inaller than in the tadpole. Thefe
arteries and veins were placed near the boney parts, or rifings, which
give ftrength to the fin at the tail, and in them I {faw the compleat
circulation of the Blood ; for, on both {ides of each of the before-
mentioned boney parts wasan artery, which had a bending, or back-
ward turning at its extremity, and thus became the beginning of a
vein, _

Upon viewing this filh’s tail, at the part where the fin begins, I
there faw, to my great admiration, a large artery dividing itfelf into
the before-mentioned {maller ones ; and clofe to it, numbers of the
minute veins returning from the fin, and uniting in one large vein.
In fhort, here was fuch an agitation, or motion of the Blood driven
out of the large artery to the fartheft end of the tail and into the fin,
and running back in the fmall viens, into the large one, as is incon-
ceivable.

In order to fhew the fize of this little fith, wherein I oblerved all
thefe motions of the blood, I caufed a figure of it to be drawn, as it
appeared to the naked eye, and this is fhewn in Plate IV, fig. 4. At
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Jig. 5, is fhewn part of the body and the tail of the fame fifh, as feen
through the microfcope. DE is a fin on the back, and L. M, another
under the belly, near the tail, and FGHIK is the fin of the tail,
wherein are to be numbered feventeen {mall bones.

Thefe fmall bones, contrived by Nature to give ftrength to the
fin, were formed with joints; and I could fee that they were com-
poled of oblong particles, which, probably, were hollow tubes; the
pellicle, or membrane, which covered them, and compofed the
greateft part of the fin, was alfo formed of oblong parts, but thefe
things the limner could not perceive, becaule the fifh being then
dead, they were become invifible.

I have before faid, that on each fide of thefe boney parts of the
tail I had diftinctly feen the compleat circulation of the blood, and
this was in thirty-four places, two between each bone ; ‘that is, there
were in this fifh’s tail fixty-eight blood veflels ; namely, thirty-four
arteries, and as many veins, befides thofe veflels that, probably,
were in the {malleft part of the fin, about I or K, which 1 did not
attend to.

To {hew this circulation more plainly, I caufed one of the boney
parts of the tail to be drawn fomewhat more magnified, which is re-
prefented at fig. 6, OPQR. Clofe to each fide of this bone lies an
artery, which in the figure is pictured at ST and W X, and in thele
veflels are reprefented the particles of blood, which appear of a round
figure. Here the blood was to be feen running with a {wift courfe
from S to T, and with the fame fwiftnefs returning back from T te
V, fo that ST is an artery, and TV a vein, and yet, both of them
but one blood-veflel, continued and prolonged. In like manner, were
the blood-veflels on the other fide of the bone at WX'Y. But thefe
arteries and veins were not at fo great a proportionate diftance as
here reprefented, for, in many places, they were {o clofe as to wouch
each other,
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In other places, and alfo in the two fins D E and L M, I faw
the blood not only running along, but allo taking its whole
courfle forward and back again, in manner before delcribed.

Now, if in the tail of fo fmall a filh, as this which is piftured at
JSig. 4, there are to be found thirty-four diftinét circulations of
blood, what an incredible number of them muft there be in an
human body! And this being fo, it is no wonder, that, upon the
lealt punéture made by a needle, or any other fmall inftrument,
the blood iffues forth. Indeed, from thele my obflervations, I am
well aflured, that, in the fpace of a finger’s nail, in any part of the
{furface of our bodies, there are more than a thoufand circulations
of blood.

Some years after thele, and other obfervations of the like kind,
had been made by me, I accidentally fell into converfation with
a certain learned Gentleman, (not a native of Holland) on this
{fubjett of the circulation of the blood, particularly in the minuteft
vellels which are contained in a very fmall {pace, and that this
circulation could as plainly be feen, as with the naked eye we fee
water {pringing up from a fountain, and falling down again; but
though I ufed all my endeavours to convince him of the truth of
what I advanced, yet this learned Gentleman refufed to give credit
to my words, declaring that he could not form any conception
of the matters which I related,

This Gentleman’s incredulity took up much of my thoughts,
particularly upon a time when I had got fome very fmall eels, not
longer than one’s little finger: and on this occafion I fent for a
limner, who I knew was a very curious obferver, and had a very
acute fight, judging that he would be able to make a drawing of
fome of thofe blood-veflels.

I then put one of thefe fmall eels into a glafs tube, about the
fize of a gocfe-quill, and placing it before the microfcope, I de-
livered it into the limner’s hands, defiring him particularly to
attend to the current of blood which at that time was moft dif-
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tinétly to be feen in fome fmall veflels ; defiring him, at the fame
time, to obferve, that all thofe vefiels through which the blood
was driven outwards to the extremities, were named arteries, but
where the blood, when arrived at the [mallelt veffels, began to
take its courle back again, there they were called veins, although
it plainly appeared that the veflels were one and the fame,

The limner could not fufficiently admire this fpeétacle of the
blood circulating in fuch minute veflels, arifing out of the ]arqer
ones; and he was equally in admiration at the blood’s returning
from thofe very fmall velfels into the larger. And as the ecI
continued quiet longer than ulual, without moving its tail, I fre-
quently defired the limner that he would, as long as poffible, keep:
his eye fixed on this current of the blood, in order to imprint the
idea on his memory. At length, he put his hand te paper, and
made a rough fketch of fome blood-vellels and their ramifications,
or branches; and he repeated his obfervation and his drawing,
until he had compleatly traced f{ix feveral blood-veffels, namely,
three arteries, and as many veins, with their ramifications, with all
the accuracy he was able, faying, he had now fufficient materials
to make a perfeft drawing, fo as to defcribe the exaét proportion
both of the larger and fmaller vellels.

In Plate IV. fig. 7, and in the fpace between 1, 2, 3, 4, are re-
prefented fix of thefe blood-veffels, which I direfted to be drawn
on rather a larger {cale than the firft fketch taken of them, in order
that the feveral veflfels might be eafier diftinguifhed; therefore
this figure fhews them about twice as large as they appeared to
the limner through the microfcope.

Thefe veflels were not at the very extremity of the fifh’s tail,
but a little below it, towards the end of the fin. And that part,
or fpot, which the limner faw through the microlcope, and
the feveral blood-veffels of which he made the drawing, did not,
in my judgment, take up as much fpace as is occupied by a large
grain of fand; for though the view of the microfcope might in
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clude the compals of four fuch grains, yet the part wherein the
blood-vefiels were {een, did not amount to a fourth of that fpace ;
fo that, within lels compafls than that of a grain of fand, there
are found to be in the tail of an eel as great a number of blood-
velfels as are here reprefented between 1, 2, 3, 4.

At the letter A, is reprefented one of thofe blood veffels, which
are called veins ; B, one of thofe named arteries; C, is a vein; D,
an artery ; L, another vein, and F, another artery.

But, in order more clearly to explain the courfe of the blood
in thele velfels; and to fhew, at what part, though in faét they
are one and the fame, they allume different names, I have in the
figure more particularly pointed out, and fhall now defcribe one
of thofe vellels called an artery.

D, is that artery, out of which, at G, proceeds a fmall branch,
which, at H, divides itlelf into two, as HI K: and here we
{ee, that the branch G HI is properly to be named an artery,
becaule, as far as I, the blood is driven from the heart, and 1K,
we muft name a vein, becaule, from I to K the blood is brought
back towards the heart. In the other branch, which proceeds
from H, in the diretion HLM, the blood is infufed into the
vein E at M ; and fince at M 1t firft begins to take its courle
towards the heart, it follows that at M this veflel firft aflumes the
the name of a vein,

In this fmall artery GH, it is to be obferved that the limner has
been very accurate in defcribing the exatt fize of the veflel, and
we muft always bear in mind, that in thefe branchings, or ramifi-
cations, the arteries grow [maller and fmaller, and the veins con-
tinually grow larger, as they receive the blood from the arteries,
Farther, all the minute blood vellels defcribed in this figure the
limner has reprefented, not by lines, but by fmall circular dots,
{o as to give an idea of the particles or globules of blood, which
he very diflintly faw, running or pafling through them.

All the minute veffels which are reprefented in this figure, of
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the fize piftured at HIK, or HL M, are of equal dimenfions,
and they are {o {lender, that I can fafely affirm, that if a grain of
our common fcowering fand were divided into a million of equal
parts, each of thofe parts would ftill be too large to find a pafiage
through thefe minute veflels. Which being confidered, we may
conclude how exquifitely flender mull be the veffels in which the
circulation is performed: and if it were not {o, how could all
the parts of our bodies be continually fupplied with nourifh-
ment? ¥

Farther, in the before-mentioned artery D, is another fmall
ramification at N, which depofits its contents in the vein E at O,
and a little higher, at P, is a branch which unites itfelf with the
vein E at Q.

At R, may be obferved another fmall branch, proceeding from
the fame artery D, which, at S, 1s joined with a {fmall branch from
the artery B, and afterwards both fall into the vein C.

Again, at T, 1s another fmall branch, ariﬁng out of the artery
D, which, at V, fubdivides itfelf into two, and, in two feveral
places, namely, at W and X, conveys the blood into the vein E,
and from the fame artery ancther branch arifes at Y, which, at Z,
is divided into two, and thefe are united to the vein C at the
places marked « and 4.

At a [mall diftance from Y, is another very minute branch at ¢,
which is joined to the vein C at 4,

Farther, at ¢, another {mall artery branches forth from D,
taking the direftion ¢f, and at £ is fubdivided into two {fhil
fmaller branches, both which join the vein E at g and 4.

* A very eminent phyfician of our own country, (Dr. Mead) exprefles himfelf in
very neaily the fame words: ¢ Every animal machine is of fuch a nature, that there is a
* fort of infinity in its conflituent parts, by which expreflion I mean, that their fibres are
“ fo extremely {mall, that we cannct difcover the ultimate flamina, even by the affiltance
“ of the beflt microfcopes. Had it been otherwife, aliment could not be conveyed ta
* every individual part of the body; nor could the neceffary funétions of life be per-
“ formed." MEeap's Medical Precepis, tn the Introdullion.
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A little higher 1n the artery D, a {mall artery branches off at 7
proceeding to £ and /, where it again divides itfelf into two, and
joins the vein E at # and ».

Clole to 7, two fmall branches arife at », and jom the vein C at
pand 4.

At r ariles another fmall artery s, which at + divides into two
{maller branches, one of them taking the courle s¢, to join the
vein C, and the other pafling by sxwx, to join the vein E,

Lalflly, the extremity, or [mallefl part of the artery D, is fhewn
at ry =z, and is united to the vein E at A, firft fending off a branch
near the letter «#, which taking the direction « 4, is united to the
vein C at ¢,

Hence it plainly appears, how many various branches or minute
arteries proceed from thofe fmall blood-veflels, or arteries, repre-
fented at B, D and F, and how thefe all unite with the other {mall
veflels called veins, which are fhewn at A, C and E ; and this allo
proves what has been fo often mentioned, that all thefe blood-
vellels, though called by different names, are yet the lame iden-
tical veffels. And if we reflett, that each of thefe very {mall
vellels mult be formed with the fame kind of coat as the larger
ones, though of a thinnels proportioned to its fize; and farther,
if we confider of what wonderfully fine and invifible membranes
the coats of the fmallelt veflels muft be formed, and how ealily
the finelt part of the arterial blood may find a paflage through
thofe coats, to the end that every part of the body may, from
thence, be continually [upplied with neceflary and fuitable nou-
rifhment ; thefe things, I fay, being duly weighed and confidered,
it feems clear that the arterial blood, coming from the Leart, mult
contain more fubtile and fluid parts than when in its paflage to
the heart. For the blood will not be deprived of its more fubtile
Juices, while in the larger arteries; to prevent which, I imagine
that they are provided with thick and folid coats. And here the
particles of blood from which its rednefs proceeds, fwimming in a
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thin juice, are of a bright red colour; but in the fmalleft arteries,
{ome of its parts are drawn off for the fupport and nourifhment of
the body, whereby the blood, when returning in the veins, being
deprived of thofe thin juices, afflumes a darker red, and as more of
the thin juices are taken away, it will appear blackifh.

The circulation of the blood 1s reprefented in another view, at

Jfiz.8, ABCDEFGHIK, which 1s a drawing of {fome veffels

{fcen by the microlceope, in the tail of a tadpole; thele animals are
much quieter than eels, and the arteries and veins are as eafily to
be feen in them as in any other creature; and in the {malleft
vellels where the period, or the retrograde motion of the blood is
performed, its particles are more diftant from each other than
in any other animal.

The vefllel thewn in this figure, (which was an artery, wherein
the blood was driven forward with great {wiftnefs from A to B)
was rather larger than to admit one of the particles of blood at a
time. At B it divided itfelf into two branches, which are repre-
fented at BC and B E; thefe two branches were at D -again
united in one, for a fhort fpace, and at F they again feparated, as
{hewn at FG and FI. Here thele two arterial branches, nmking
a fmall curve, or bend, again joined in one at H, forming a fome-
what larger veflel, which is feen at H K ; and at K, this was joined
to a ftill larger blood. veflel.

Here it is plain, that the vellels ABCDEFG, and ABEFI,
foralmuch as in them the blood is driven from the heart, to G and
I, its greatell diftance, muft be named arteries; and the veffels
G HK and T HK, becaufe in them the blood 1s returning to the
heart, mull be named veins.

I formerly was of opinion, that in all cafes where by an acci-
dental fall or blow, there were produced livid or purple {pots
upon the {kin, which proceeded from coagulated blood, this blood
(if no exulceration fhould take place in the part) would by de-
grees be fo diffolved, as to be carried off by perfpiration ; but the




( 103 )

following obfervations caufed me to alter my opinion in this
refpett.

In the tail of this tadpole, I oblerved a veflel, of a fize to admat
twenty of the particles or globules at once ; {o that this was a large
veflel, in proportion to thofe which I have before defcribed. A
fmall part of 1t 1s reprelented at fr. g, L M; and {rom this, pro-
ceeded a minute veflel, which is thewn at M O,

The current in this veflel, from L to M, was not fo fwift as |
obferved in the other veflels, and for this reafon, that, in another
part of it, at R, the blood was coagulated, infomuch, that no dif-
tin¢t particles could be perceived in 1t, but only an uniform red-
nels; but in the fmall veflel M, the current was as {wift as in any
of the others.

In confequence of this {lagnation at R, the blood was driven
forwards from N to P, with every pulfation of the heart, and in-
{tantly ran back again, in like manner, as if with the naked eye we
beheld a [wift alternate or reciprocal motion, like that of a faw.

We know, that water cannot be comprelled into a lefs fpace
than 1t naturally occupies ; and this being alfo the cale with re-
gard to the blood, we mult conclude, that the coat of this velfel,
between N and P, and alfo a little below N, was, at every pullation,
expanded in diameter, and, at the intermitting of the pulfation,
would contraét ilelf, and fo drive the blood back again.

Keeping my eye fixed on the objeft, I perceived, in a little
time, the blood between P and R begin to move, and by liule
and little, from P towards R, to have the fame alternate motion
to and fro, as I have before deleribed. At the fame time, the
blood in the wvellel N 'S, where at firft, little of no motion could
be feen, the current was now as fwift as ufual. And in the
{mall blood-vellel, marked P Q, which was enly of a fize to admit
one globule at a time, and wherein I could not at firft difcover
any motion, the circulation was now reftored ; but the particles
of blood were few in number, and at a diftance from each other,
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At length all the blood from P to R, was fo far rendered fluid,
that, at every pulfation, it was driven forward, and then returned
back again. In thele obfervations, about two minutes of time
clapled, and my eye being fatigued, T took it off the objett to give
it reft, in which interval, the animal put itfelf into a violent
agitation, thereby precluding any farther obfervation.

But, fince we now clearly fee, that cﬂagulated blood can, by
the pulfation of the heart, in courle of time, not only be put in
motion, but alfo fo far diffolved, that its component particles
or globules may re-affume their prifline figure, we may fairly
conclude, that blood, in any animal, which by a blow or bruife,
is made to coagulate and ftagnate in the veffels, may, in the {pace
of fome days, be reftored to motion.

% For, fuppofing, that in an
ki human body, the blood 1s driven
AT AL _ from the heart feventy-five times
in the fpace of a minute (fome

om0 fay the number of pulfatons

yﬂ
does not exceed fixty, but I

believe my computation to be
neareft the truth) it follows,

— that the pulfations in an hour’s
time, are 4,500, and, in the fpace of a day and a night, 108,0c0.

Now, if we find, that the appearance produced by ccagulated
blood, will, in the fpace of ten days difappear from our bodies,
and corfider, that, in the fame fpace of time, a million and
eighty thoufand pulfations are performed, and {uppofing, that,
at every pulfation, fo much of the blood is put in motion in the
feveral vellels, as is only equal in fize to a grain of fand, we may
gather how much cf flagnant blood may be reftored to motion,
in the fpace of time juflt mentioned.

108,000 a day and a night.
10

1,080,000 ten days.
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For example, let us {fuppole, that the quantity of blood, s
which at every pulfation can be rendered fluid, and reftored -
to its motion, is no more than the fize or quantity of a grain e
of fand, and that eighty of fuch grains placed fide by fide do
not exceed the length of one inch ; we find then that 512000
grains of {and taken together are equal to a cubic inch, which num-
ber is not the half of the number above afligned.

In this blood-velflel, which I have juft mentioned, I could not only
very clearly difcern the feveral pulfations, but I could alfo many

times in all the arteries, fee to make an exa¢t computation how
* many times the blood was propelled from the heart in the {pace of one
minute.

Now, if we confider that fo great a quantity of blood, as is con-
tained within the compafs of a cubic inch, is very rarely by a blow
or bruife congealed in one {pot, we may eafily conceive, that when a
coagulation does happen, it may, by fuch frequent propulfions or
pulfations as I have mentioned, be at length diffolved, and in all, or
moft of the vellels, reftored to the fame current or courfe as before.

At another time, I obferved an appearance of a different nature
in the blood-veflels, which was occafioned by my having put a tad-
pole into a piece of clean paper, whereby a {mall fpot in the very
thinneft part of its tail ftuck to the paper, and thereby received a
{mall injury, fo that fome blood flowed from the wound, out of an
artery which was of a fize to admit about four globules of blood to
pafls through it at a time.

The blood thus flowing out, remained colle¢ted about the wound-
ed part; but here another fight prefented itfelf, which engaged all
my attention ; for, in this fame artery, at about the half of an hair’s
breadth diftance from the wounded part, another {mall branch ap-
peared, wherein the blood purfued its courfe in the fame uniform and
diftin¢t manner, as if the artery had remained uninjured,

8]

512000
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At fz. 10, TV, is feen this artery, which was wounded a little
above V.  The letters V and X indicate the extravaflated blood. V
W denote the minute artery in which the blood purlued its rezular
courfe, though clofe to the place, at P, it iflued out from the artery
‘TN

This fight at firft {urprized me, but my wender ceafed when 1
obferved that this blood vellel VW, was united with a large one at
W, and of that fort which, carrying back the blood to the heart, is
called a vein. And by means of this laft-mentioned veflel, the blood
was carried through the paflage V.'W, as it were, by a kind of fuc-
tion, with as much {wiftnefs as it had been before driven from T to
V, infomuch that I was perluaded, that if the fmall vellel V had not
been united to the artery T V, but only its orifice had laid in the
extravafated blood, about the fpot at V, that fuch extravafated blood
would in a fhort time have been, as I may fay, fucked up and car-
ried away with the remainder of the blood towards W.

I have often refle¢ted on the nature of thofe very thin tran{parent
pellicles, or fkins, which conftitute the wings of {mall flying infeéts,
fuch as gnats, flies, moths, and the like; fome of which I have
obferved to be entirely covered with feathers, others compofed only
of thofe mufcular parts which firengthen and expand the wing, and
others are wholly covered with hairs : and when I confidered, that
thele hairs, or feathers, are fixed or rooted in regular order in the
membrane of the wing, my thoughts were wholly bent to dilcover
how thefe wings might be formed.

As to the fuppofition which at firft occured, that thefe membranes
were compofed of a tranfparent vifcous or gummy matter, congealed
or hardened to a due confiftence, I could not fatisf}' myfelf with
that idea, for it feemed impoflible to me, that in that cale the feathers
and hairs could be produced in fuch regular order; and yet, it was
beyond my comprehenfion how fo thin a membrane could be furnifh-
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ed with fuch a number of veins or veflels as would be requifite for
the formation of fuch feathers and hairs.

In my endeavours to inveftigate this fubject, I firft examined one
of thofe flying infeCts, whofe wings confift of membranes only,
without either hairs or feathers; which membranes are placed
between the large veflels and finews, giving firength and ftiffnefs to
the wings ; and upon the examination of thefe, I plainly faw that
there were large blood-vellels running among the finews or mufcu-
lar parts, from which arofe fmaller veflels, and thefe again divided
themfelves into fiill {inaller ones, until at length they became
invifible.

I was not, however, content with this, and among other objecéts,
I met with a large green grafshopper, in the wing of which I more
clearly perceived not only, that from the large blood-veflels in the
wing, other fmaller ones arofe, butI alfo faw that the colour of the
blood in thele large veflels was green; and in the {maller veflels and
their more minute ramifications, I could {till diftinguith the blood to
have a greenifh caft ; but when thele vefllels were again Tubdivided
into {inaller ones, I could not perceive any colour in them, and the
veflels themfelves became fo clear and tranfparent that they entirely
efcaped the fight.

Though I could moft plainly fee that the fubftance, or matter,
of which this blood was compofed, confifted of globules fwimming in
a clear liquor, I moreover cut the wing in two, and out of the veflels
colleéted fome of the blood, which I placed before the microfcope,
and obferved that where the globules or particles of it lay in numbers
or heaps together, the colour was a lively green, where they lay fo
thin as not to amount to the twentieth part of the thicknels of an
hair of one’s head, the colour was only greenifh, but where the
globules were fingly difperfed, it had no longer any appearance of
eolour at all, but became tranfparent; and here it clearly appeared
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to me, that all thefe green globules were contained in a thin tranfpa-
rent fluid.

From thefe obfervations I concluded, that the tranfparent mem-
branes which principally conflitute the wings of thefe fmall animals,
are as completely provided with blood-vellels, finews, &e. as the
bodies of other creatures.

I formerly was of opinion, that in the wings of thefe {inall flying
creatures there was no circulation of the blood, for I judged, that in
its paflage through fuch exceeding flender veflels, it muft be evapo-
rated or dried up : and the rather, as many of thefe winged infeéts do
not take any food, but only live a few days, and die as foon as they
have coupled, and laid their eggs. But if we recollect, that the mem-
branes of their wings are of a hard and horny nature, though exceed-
ing thin, we may conclude, that all the vellels, compofing this horny
membrane are fo firm and tough, that, though all the fluid con-
tained in them fhould be dried up by the heat of the {un, the veflels
themfelves would not collapfe or thrink up, as thofe in our own
bodies, or the bodies of other animals would do in the like cafe.

I was confirmed in this opinion, by obferving that the blood-ve{-
fels in the wings of thefe infeéts were not of the fame make as thofe
in the bodies of the human fpecies and of terreftrial animals, but were
compofed of annular parts, or rings, like the windpipe and the veflels
pertaining to refpiration in the lungs of animals. And, though we
may not be able to difcover all thefe veflels in the wings of infeéts,
yet we may be aflured that there is an incredible number of them
entering into the compofition of thofe wings. And, fhould we ima-
gine, that thefe veflels by reafon of their {mallnefs or their hard and
dry nature, are impervious to blood and juices for the fuftenance of
the wing, we muft confider that there is not a fingle hair or feather,
how {mall foever it be, which is found upon one of thefe wings, but
muft have had in it many fmall veflels neceflary for its produétion ;
for every feather has its quill and every quill muft have a great num-
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ber of veflels, in order to contribute to the increafe of fuch feather :
and who knows whether each of fuch fmall feathers may not have
been formed out of more than a thoufand veflels? And when we
refle¢t on the great number of feathers or hairs with which the wing
of a fly or moth is covered, we fhall find it impoflible to conceive
the numbers of veflels of which thefe infets, though they appear
contemptible in our eyes, are compofed. Indeed, Iam of opinion,
that many phyficians and furgeons cannot reckon up fo great a
number of vellelsin a cat or a dog, as I imagine enter into the com-
pofition of a gnut,

It was allo at one time my opinion, that the ridges, or thicker
parts, in the wings of thefe flying infects, and which I have named
finews, were only the boney parts of the wing to give it {trength.
But when I perceived, that there were large blood-veflels in thofe
parts, I applied myfelf with all diligence to difcover, if poffible,
the current of blood in thofe vellels.

For this purpofe, I took thofe butterflies which proceed from
the catterpillar that feeds on the afpin, the poplar, or the willow ;
and which, in fize and fhape, refemble the filk worm’s butter-
fly. Their wings are, on both fides, covered with white feathers,
and, unlels thefe are taken off, the membrane cannot be dif-
cerned. Thele feathers I wiped from the wing with a foft piece
of leather, as gently as poflible, to avoid injuring the wing or
hurting the butterfly. And I then applied the wing (while the
animal was alive) to the microfcope; but, with all my attention, I
could not difcern the leaft current of blood in the veflels, though
if there had been any regular motion, I have no doubt but I {hould
have feen it, and the rather, as this blood was of a yellowifh
colour; and, upon opening the large veilels in thefe wings, I have
often prefled out the blood which they contained.

For the moft part, thefe large vellels lye in, or near, that boney
part of the wing which gives it firength; and I have often obferved
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thofe veflels to be placed, not in a right line, or parallel with the
boney part, but twifted, with various turnings, in like manner as
if one were to fee the inteftines of an animal in the pofture they lie
while joined to their membranes.

After this, I accidently met with a ]arge grey moth or butter-
fly, which in a manner flew into my hand. This butterfly I killed,
and cut off the wings, and, having taken oft the feathers, I
placed them before the microfcope: and here I faw the blood-
vellels more plainly than in the wings of the other infets I have
mentioned. A part of one of thefe wings I placed before the
microfcope, and caufed a drawing to be made, not only of thofe
blood-vellels Iying in the boney part of the wing, but alfo of thofe
which were difperfed over the membrane, and of which the mem-
brane, in part, confifts; in order to fhew, how the vefiels lye
twifted in various turnings ; allo, how they are compofed of annu-
lar parts or rings placed together; and likewife, how, from thefe
large veflels fmaller branches arife, which, in great numbers, are
fpread all over the membrane.

In Plate 1V. fig. 11, PQ R reprefents a blood-veflel, with its
various branches, {pread over the membrane. ABCDEFG, is
a large blood-veflel in one of the boney parts of the wing, wherein
is feen, the manner how this vellel is twifted or bent, and alfo, the
annular parts of which it is compofed ; in conformity with the
formation of the blood-vellels in all infeéts; infomuch that I have
feen the blood-veflels in the loufe and flea, to be compofed of fuch
annular parts.

In the fame figure, BH, IK,CL, DM, EN, and E O, repre-
fent the blood-vellels with their branches iffuing from this laft-
mentioned vellel, and fpreading over the membrane ; and in thefe
allo, the annular parts could be diﬂiuguiﬂmﬂ; but when they
became {o fmall, as to appear no larger through the microfcope,
than a horfe-hair to the naked eye, then the rings in them could
no longer be difcerned. Thefe veflels the limner purfued in his
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drawing as far as his eye could diftinguilli them, but at length they
became fo minute, and {o intermixed one with another, that no
true judgment could be forme! of them.

In STV, are fhewn a few of the feathers, which fo exactly cover
both fides of the membrane, that no part of it can be feen. W W
W, are three larger feathers which were placed on the edges of the
wing, XXXXX indicate the membrane, when it was laid bare of its
feathers, on both fides, in order to difcover the blood-veflels., And
here, though not in regular order, may be {een the cavities or holes
in which the quills were fixed, and from which they had their origin.

Farther, I confidered with myfelf, whether or no the blocd-vellels
confifted of arteries and veins ; but I could not fee any other than
one fort of veflels in the wings of all the infects of this {pecies, which
I have examined, except that once I thought I faw in the thinneft
part of the wing of a grafshopper, that in the larger vellels next the
body, another fpecies of vellels was inflerted.

The conclufion drawn by me upon the whole was, that there was
not any circulation of the blood in the wings of thele creatures, and
that the blood-vellels I have been delcribing, which certainly were
arteries, were only defigned to perfeét the formation of the wing with
its muititudes of feathers, and afterwards, to convey the blood, with
an exceeding flow motion, through the veflels, in order to afford a
[mall degree of fupport to the wing in its perfet ftate. TFor, as
thefe butterflies, and thofe which are produced from the filk-worm,
and many other flying infects which proceed from caterpillars, do
not take any food, and do not live any longer than till they have
coupled and laid their eggs, it is not necellary, in my opinion, that
the blood in their wings fhould have any circulating or retrograde
motion, and befides, the membranes being of a {lilf horny nature,
they require little or no nourifhment.

I cannot here omit to mention, that I have heretofore often taken
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great pains to difcover two kinds of veflels in the leaves of trees and
plants in order to afcertain, whether there was any circulation in
leaves, but I never could {fee more than one {pecies of veflels, namely
thofe that convey the nutritive juices to the feveral parts.

But, if we confider, that not only the leaves of trees, but alfo their
fruits, do not need any other than thofe nutritive juices, which are
requifite to bring them to perfection, we fhall not wonder that when
at a ftate of maturity, they are, as it were, {pontaneoufly loofened
or fhaken off from the tree, without the leaft appearance of having
been broken off ; nay, that part of the ftalk which was originally
united to the tree, will appear as fmooth as if, with its multitude
of veflels, it never had been joined to it.

Ina word, I will venture to aflert, that neither the wings of the
before mentioned flying infects, nor the leaves or fruit of trees,
require that kind of circulation of the juices, which we have been
confidering.

*
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Of the formation of the Teeth in feveral animals ; the flrullure of the
buman Teeth explained, and fome of the diforders to which the fame
. are lable :rc‘mz.fm'c;a’ Jor.

HﬂVING taken great pains to invefligate the formation of the
elephant’s tooth, and examined into the nature of it by every
means I could devife, I found it to confift only of a‘colleétion of
tubuli, or pipes, which are exceedingly fmall, and all derive their
origin from the inner part of the tooth, for I never could difcover
any of them lying longitudinally or lengthwife in it.

Upen examining that part of the tooth where the boney fub-
ftance 1s but thin, which is where it is united to the head, I very
plainly pt‘rcei{red that one end of thele tubuli took its rife from
the cavity within, and the other end extended to the -circum-
ference, which circumference or outfide was compofed of a kind of
fcaly particles laid one on another, and I confidered with myfelf
whether each feries or layer of thele fcaly particles might not
be the fifbftance or thicknefs formed in the fpace of one year.

Purfuing thele my oblervations in the examination of that part
of the tooth where to the eye it feems perfeétly folid, I there found
it to have, near the middle, a fmall cavity, through which cavity I
concluded the nutritive fubftance muft be conveyed, for the con-
tinual fupport and increafe of the tooth. And upon examining
the tubuli round about this fmall cavity, I perceived that they all
arofe from thence, and fpread themfelves all round towards the
circumfcrence. I endeavoured to examine {lill farther, beyond. the
part where this cavity ended, in order to difcover whether from:
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thefe firft formed tubuli others might not arife or branch forth ;
but this part of nature’s work was infcrutable to me. My con-
je€ture refpefting the matter however was, that each of the boney
tubuli (proceeding from the [mall cavity before-mentioned ) might
be compofed of many folds or coats, and thus not only be dif-
poled to diverge or fpread into a larger fpace, fo as to form the
fubftance of t]m tooth, but alfo, by thls means, contribute to its
ftrength.

I alfo examined the teeth taken from young hogs, and found
them to be likewife formed of tubuli {preading from the cavity 1a.
the center, to the circumference.

After this, I was defirous of examining the ftrufture of the hu-
man teeth, and having for that purpofe procured a number of the
large ones, called the grinders, I found them to be formed exaétly
in the manner before deferibed, namely, of tubuli or littlé boney
pipes, clofely joined together, arifing at the cavity in the middle
of the tooth, and ending at the circumference or outfide. And in
order to explain this formation to the Reader as cleariy as pofli-
ble, I caufed the following drawmgq to be made:

In Plate V, fig. 1, at A BC, is reprefented a human tooth, on
one fide of which, with a file, I cut away almoft the half, not to
difcover the cavity therein, which is well known to moft perfons,
but only to fhew the manner how the tubuli, of which the boney
part is compoled, take their rife from the cavity in the center,
and terminate at the circumference. But it mult be underflood,
that thefe tubuli are by no means of the fize reprefented by the
lines in this figure, the fame only denoting the order in which they
lie, for the tubuli themfelves are exceedingly {mall, and canntt be
well difcerned without the help of the very beft microfcopes.

In the fame figure, at G H 1, is reprefented another tooth, which
15 filed down from the upper part of it as far as the before-men-
tioned cavity, in order to fhew how the tubuli do here alfo {pread
themfelves round about from the center. All the extremeties of the
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tubuli which lie near the outfide of the tooth, (as far as they are
above the gums, and expofed to the air) are extremely hard,
being as 1t were the folid cafe, fhell, or covering of the tooth; and
if we examine the furface of this cafe or covering attentively, we
{hall find one tooth to have forty, another perhaps fifty circles on
it, like wrinkles, or gatherings, which in fome places run in a
eurved or wavy direttion, as is reprefented in the figure at DEF,
where a drawing is given of this outfide fhell, with fome of the
circles marked thereon; and I imagine that the circles which thus
appear like wrinkles proceed from hence, that they are the p]afi!é
where the tooth, while growing, is from time to time protruded
or thruft out from the gum.

In the teeth fhed by children, and likewife in thofe of many
young animals, I have obferved that the ends of their roots are
entirely open or hollow; and in like manner I imagine that the
roots of the molar teeth or grinders which I have been juft
delcribing, are at firlt formed in the fame manner, but that in
procefs of time they become offified or converted into a boney
fubflance, of a fpongy nature, through which many veflels pals,
conveying blood, and nutritive juices into the cavity of the tooth,
and I allo conceive that this cavity is filled with nerves and veflels
{preading themfelves into fo many branches, that every one of the
boney tubuli is thereby increaled during the time of its growth,
and afterwards, (while the tooth continues found) nourifhed and
fupported. I alfo conjeéture that thefe fmall veflels thus nourifh-
ing and fupporting the boney tubuli do not end at the furface of
the tooth (I mean, in that part of it which is within the gum) but
that the aliment or nutritive fubflance has a continued courfe
thmugh thefe vellels, and that the ends of the boney tubuli are
again converted into foft or pliable veflels, {preading through the
gum, and that thole vellels are what principally keep the tooth
hxed mits place.

The firlt formation, and fubfequent fupport or nourifhment of
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the tooth being as before defcribed, we may eafily conceive that the
boney tubuli, (being of a folid nature, and incapable of dilatation
or [preading) may happen to be obftruéted by fome grofs or con-
creted matter, and then the {mall vellels contained within the
cavity of the tooth muft immediately by fuch obftruttion in the
circulation of their juices be diftended. This diftention or fwelling
will necellarily excite great pain, for all the veflels contained in the
tooth will prefs clofely on each other, foralmuch as they cannot
{well or fpread themf{elves as other veflels can, which are not con-
haed within the folid [ubftance of a bone. Again, fuppoling thefe
boney ‘tubuli to be obftrutted, and the obftruétion not removed,
we may from thence gather the reafon why our teeth partially
decay, fometimes on the fides, and fometimes at the tops, the reft
of the teeth remaining found for feveral years after.

In order to fhew the proportion which the fize or thicknefs of
the tooth bears to its component parts before deferibed, I placed a
very fmall piece of this tooth before the microlcope, and delivered
that microfcope to the limner, direfting him to draw an exaft
reprefentation of what he Taw, (but without acquainting him what
that objett was). And here I muft obferve, that in this tooth the
tubuli appeared to me much larger than I had before obferved in
any animal, or in the elephant’s tooth.

In Plate V. at fig. 2, KL MN, is reprefented ¥ an exceeding
{mall particle, or piece of a human tooth, of that fort called the
molar teeth, or grinders, as feen through the microfcope. The
reafon why in this figure fome of the tubuli there piftured appear
of a darker fhade than the reft, is only this, that in that place
where they feem darker, there were more of the tubuli lying one

* The Author having juft below informed us, that 120 of the boney tubuli make
only the forty-filth part of an inch, we may, by counting the tubuli reprefented in this
figiire, _jmlge the natural fize of the fragment, or piece of tooth here magnified, and it will
be found to be about the fortieth part of an inch in length and the fifticth part of an inch
in breadth, or of the fize fhewn at X,
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behind the other, owing to the piece of tooth being thicker in that
part, for this fmall fragment was fplit off, 'and not cut from the
tooth.

The breadth of this tooth was almoft two fifth parts of an inch,
and from the beft computation I could make, I judged that within’
the forty-fifth part of an inch, I faw an hundred and twenty of
the tubuli, which amounts, in the {pace of one inch in length, to
five thoufand four hundred : now fuppolfing this molar tooth, or
grinden before defcribed, to be of a round figure, the diameter of
it would be 2150 times the thicknels of one of the tubuli of which
the fame 1s cnmpaﬂ?d and when this number is muluplleri into
itfelf, the produtt is 4,822,500. In a word, the proportion of
one of the boney tubuli to the fize of fuch a tooth, is as one to
4:822,500.

Notwithftanding I had now obtained a very fatisfallory infight
into the formation of the human taoth, I was not yet content, but
became deflirous to examine into the nature of the [ubflance, or
veflels contained in the cavity, and for this purpofe, I procured
fome of the fore-teeth, and the jaw-bone of an ox, which were
taken out and brought to me immediately after the animal had
been killed ; feveral of thele fore-teeth, and fome of the grinderss
I broke, or {plit open, and with great' admiration obferved, that
thofe veflels, which, pafling through fmall apertures in the lower
part of the tooth, filled all the cavity within, confifted of fuch an
inconceiveable number of blcnd-ve[fe]s, and {}th(:zr vgﬂ‘e]3= as to
furpals all imagination : indeed, many of them, I obferved to be
as fmall and {lender as the tubuli themfelves, of which the tooth
was formed ; and among them were [mall blood-veffels branching
out inte {till fmaller ones, many of them entirely colourlefs, there-
fore, I thought it probable that there might be fill fmaller veflels
entirely undifcernible by our fight.

All thele veflels were inclofed in a membrane, or coat, which
was eafily to be feparated from the bone, and, having kept lome
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of thele teeth by me four or five days before I broke them open,
(in which time all the internal moifture was evaporated), I ob-
ferved in fome places within the tooth, a bloody fubftance which:
had penetrated into the boney tubuli, giving fome of them a
reddifh colour.

It is my cuflom, every morning, to rub my teeth with falt, and.
afterwards to walh my mouth, and after eating I always clean my
large teeth with a tooth-pick, and fometimes rub them very hard
with a cloth. By thele means, my teeth are fo ¢lean and white,
that few perfons of my age * can fhew fo good a fet, nor do my
gums ever bleed, although I rub them hard with falt; and yet L
cannot keep my teeth {o clean, but that upon examining them
with a magnifying glafs, I have obferved a fort of white fubftance:
colleéted between them, in confiftence like a mixture of flour
and water. In refleting on this fubflance, I thought it probable,
(though I could not obferve any motion in it,) that it might con-
tain fome living creatures. Having therefore mixed it with rain
water, which I knew was perfeétly pure, I found, to my great
furprife, that it contained many very [mall animalcules, the mo-
tions of which were very plealing to behold. The largeft fort
of them is reprefented in Plate V, fig. 3, at A, and thefe had the
greateft, and the quickeft motion, leaping about in the fluid,
like the fith called a Jack; the number of thefe was very (mall.

The fecond fort are reprelented at B, thefe often had a kind of

whirling motion, and fometimes moved. in the direCtion repre-
fented by the dotted line C D, thele were more in number. OFf
the third fort, I could not well alcertain the figure, for fometimes
they feemed roundifh but oblong, and, fometimes perfeétly round.
Thefe were {o fmall, that they did not appear larger than repre-
fented at E. The motion of thefe little creatures, one among
another, may be lmagmed like that of a great number of gnats, or
flies, [porting in the air. From the appearance of thefe, to me, I

* Mr. Leewwenhoek, at the time of writing this, was_upwards of fifty years of age.
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judged that I faw fome thoufands of them in a portion of liquid,
no larger than a grain of fand, and this liquid confifted of eight
parts water, and one part only of the before-mentioned fubftance
taken from the teeth.

iWith the point of a needle, I took fome of the fame kind of
fubftance from the teeth of two ladies, who I knew were very
punétual in cleaning them every day, and therein I obferved as
many of thele animalcules as I have juft mentioned. I allo faw
the fame in the white fubftance taken from the teeth of a boy
about eight years old; and upon examining in like manner, the
fame fubftance taken from the teeth of an old gentleman, who
was very carelefs about keeping them clean, I found an incredi-
ble number of living animalcules, fwimming about more rapidly
than any I had before feen, and in fuch numbers, that the water
which contained them, (though but a fmall portion of the matter
taken from the teeth was mixed in it,) feemed to be alive.

Some time after making the preceding obfervations, I received
from Sir Hans Sloane, a packet, containing three fmall mag-
gots, two of which were dead, and the third alive, with a
letter, informing me that they were found in a perfon’s decayed
tooth, from whence they had been expelled by fumigation. Upon
examining thele, I had no doubt that they were of the fort found
in cheele, and upon comparing them with fome living ones which
I procured from a cheefemonger, I found them to correfpond
exattly in make and fhape. Thefe maggots are the offspring of a
{mall fly, which is frequently feen in cheefemongers’ fhops, and
lays its eggs in the cheele, where the little maggots produced from
them find nourifhment, and are in time converted into flies.

The maggots fent me by the cheefemonger, I kept in a glafs
tube, and fupplied them with food, and in a fhort time they were
converted into flies, which laid eggs, and thefe again produced
maggots of the fame kind as the former, The living maggot
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which T received from Sir Hans Sloane I kept by itfelf, and it was

.alfo converted into a fly of the fame fpecies.

Thele maggots when firlt hatched from the egg, are no bigger
than a grain of fand, but afterwards grow to about four times that

fize; they have two fmall teeth by which they are enabled to gnaw

their way into the cheefe ; and as their {kin is very firm and hard
they are not eafily crufhed or deftroyed. Now, it is eafy to con-
ceive, that the perfon in whole tooth the maggots firft mentioned
were found, might have been eating of fuch old cheele, and that
the maggots, or the eggs producing them, might have been lodged
uninjured in the cavity of the tooth, where, when they began to
gnaw they muft caufe great pain; and we may alfo eafily imagine
that by the fumigation they might have been driven out of the
part.




ON COFFEL.

IN my inquiries into the nature of feveral kinds of fceds, [ examined,
among others, thole which are called Coflee Beans, which are much
in ufe in this country, for preparing the well known drink of that
name.

I was firft defirous to know in what part of thele feeds the young
plant was placed, and for this purpofe I procured fome entire coftee
beans, inclofed in their original hufk or fhell.

In Plate V. fig. 4, E, F is reprefented this nut, hufk, or fhell, in
which are two of thefe coffee beans, divided by a membrane, or par-
tition : for, that which at firft fight appears as a fingle {eed, does in
fact confift of two diftinét beans or feeds, lying in regular order
befide each other, juft as we obferve two kernels in an .jln wond, a
filbert, or an apricot.

In fg. 5. G H, is thewn the nut or fhell, opened on one fide, (hew-
ing how the two beans lie with their flat fides next each other; G,
is that part which was joined to the plant, and from whence the feed
derived its nourithment, and H, is the end where the young plant is
formed in the feed: fig. 6,1 K, isa coffee-bean lying with its flat
ide upwards.

I cut a flice from one of thele beans, at the end marked I, and
caufed a figure of it to be drawn, fomewhat magnified, only to fhew
the place where the young plant lies.

Fig. 7, LM N, is this {lice, and at O is to be {een the part of the
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bean where the young plant is formed ; and here that part which
would have grown up into a ftalk or ftem, is cut tranfverfely.

I have alfo laid coftee beans for fome time in water, in order more
eafily to take out the young plant, and to give a drawing of it
from the microfcope. This young plant, fo magnified, is fhewn in
Plate V. fic. , PQRSTV. AtQ R ST Vare three compleatly
formed leaves, and I could fee the vellels and globules whereof they
confifted very diftinctly in fome of them, efpecially where the leaves
did not lie two or three together. A few of thefe globules, com-
pofing the leaf, are reprelented in this figure, at letter T.  That
part where the root and {tem would {hoot forth is fhewn at PQ V.

After this young beginning of the plant had fiood fome months
before the microfcope, I perceived that the leaves were covered with
a fort of mouldinels. This appearance ufually begins by a kind of
ftalk ; from whence a globule proceeds, and out of that many more,
exhibiting together the likenefs of foliage, but the mouldinefs I am
now fpeaking of, had a very difterent appearance, being much more
in the fhape of flowers, as is Thewn in fig. 8,ataaaa. ButI have
often {een this mouldinefs, even on the dead bodies or parts of the
bodies of infects, and alfo on the fhell of a filk-worm’s egg.

Some of thefe beans I placed in a proper chymical veflel over the
fire, and obferved, that in the roafting, or burning them, a great
great quantity of oily fubflance. and alfo of watery moifture was
expelled. The roafted beans I broke into fmall pieces, and after
infufing them in clear rain water, I fuffered the water to evaporate,
after pouring it off from the grofler parts of the coffee, and then I
difcovered a great number of oblong faline particles of different fizes,
(but moft of them exceedingly minute) all of them with fharp points
at the ends, and thick in the middle.

Afterwards, I took fome of the coffee beans in the fame fiate they
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are imported to us, and upon {queezing, or prefling them with
oreat force, a larger quantity of the oil was expreflfed than
could be imagined, and I obferved that this oil was very clear and
thin.

I alfo cut coffee beans into very {mall fragments, or pieces,
in every diretion, and I always found them to be of a very open
and fpongy texture: for, whereas, almoft all feeds confift of a
farinaceous, or mealy fubflance, (except in that part where the
young plant is contained) this feed, on the contrary, is formed
of nothing but fibres, - branching or {preading one among another,
and the cavities between them, in many places, filled with oil ; for
when I cut off very fmall pieces from the bean, 1 could plainly
perceive the oil, and take it out from the part where it lay.

From the middle of a bean, I cut a very finall {lice, and placed
it before the microfcope, in order to thew the open and {pongy
texture of this feed; and in Plate V. fig. g, ABC D, is reprefented
this particle, or piece of bean when magnified, the natural fize of
which was no larger than might be covered by two grains of fand.
The parts which in this figure appear clofed up, and fome of
them to confift of globules, were filled with oil. When a coffee
bean is thus cut into fmall pieces, and the pieces prefled between
the fingers, or fqueezed between any hard fubftances, the fingers,
or whatever is ufed in fuch preflure, will be much ftained with oil ;
(that is to fay, in proportion to the force applied) and I will ven-
ture to fay, that by a fingle operation of this kind, more than one
thoufand little drops of oil will be exprefled : it is here to be noted,
that the oily particles formed in the coffec bean are not perfectly
of a round figure, but in many places they lie together in irre-
gular {hapes.

This formation of the coffee bean being confidered, we need
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no longer wonder, that they cannot be reduced into powder until
they have been roafted, or burnt, for, in the roafting, much of the
oil is driven off and confumed by the fire, and the branchey, or
fibrous particles become weaker or meore brittle, and the more
they are burnt, or roalted, the more eafily they can be pounded in
a mortar.

As to myfelf, who am accuftomed to take this kind of drink
every morning for breakfaft, I do not {fuffer the coffee beans to be
much burnt, and 1 caufe them to be pounded, or reduced into
fuch fmall particles, that they will pafs through a filken fieve, and
until they feel between the fingers as fine and {fmooth as flour. A
proper quantity of the coffee thus prepared, being put into a
coffee-pot, I pour on it boiling rain water, and then fet it again
on the fire, but not to boil, and after letting it ftand for a fhort
time to fettle, this is the coffee I make ule of.

This is not, indeed, a very profitable way of making coffee,
though much more grateful and pleafant to the palate, except to
thofe who like the burnt flavour. For, when the coffee beans are
violently roafted, they can more ealily be pounded to powder and
palled through a fieve, and the liquor clarifies fooner; and alfo,
by reafon of the burning, the bitter tafte {preads farther, and
produces more of the liquor, efpecially if the coffee be boiled in
the water

But, if we judge, that the oil and falts which are found in coffee,
are the parts wherein its virtue confifts, and from which we are to
expect benefit to our health, we fhall prefer that coffee which is
not over roafted, to that which is more burnt, for, in the coffee
which I drink, I always oblerve a great quantity of oily particles
fwimming on the furface, which would not be found there, if the
coffee were more roafted, for in that cafe the oily particles are
il more driven off by the force of the fire.

e




( 125 )

Many perfons fay, that coffee is not wholefome, unlefs it is made
bright and clear before it be drank ; but this, I think, is of no
confequence, becaufe 1 am well convincel that the particles of
coffee, (excepting the oil and falts, which [ have before mentioned
to be contained in it,) are of fo hard and inflexible a nature, that
they never can be introduced into the fyftem of our bodies.

I have oftentimes endeavoured to bring coffee beans to a flate
of growth and vegetation, but herein I never could fucceed : whe-
ther this was, becaufe they had been kept too long, or whether,
that at the place of their growth, they had been over dried, to
facilitate their exportation to diftant countries, whereby the juices
which fhould have nourithed the young plant were dried away,
I cannot pretend to fay.

I have feveral times placed coffee beansin a clean glafs under
water, without finding any alteration in the colour of them or of
the water, but when they were fo placed that part of them was
above the furface of the water, then both the cofice-beans and the
water became of a grafs green colour.

I formerly thought that thefe coffee beans were produced by
fowing them annually in the manner of our peafe and beans in
Furope, but I have been lately informed by a Gentleman who has
travelled in the Eaft, that they are the feed or fruit of a tree which
grows to about the fize of our lime trees.*

* The coffee-tree is a native of Arabia, from whence in the laft and prefent centurics
it has been cultivated both in the Eaft and Weft Indies, but the Mocha coffee is il ia
the greatet eftimation,




ON VINEGAR.

I HAVE obferved, that on expofing a fmall quantity of white
wine Vinegar to the air for a few hours, a vaft number of corpul-
cles, or fmall folid fubfiances appear in it, which I take on myfelf
to name the {alts of Vinegar. Some of thefe are reprefented in
Plate V. fig. 10; thole at A appeared to terminate in a fharp
point at each end, having in the middle a dark fpot; others were
glittering like cryftals, as at B, and thele were moft in number:
others of thefe corpufcles were of an oblong figure, and of a dark
colour, with a lucid fpot in the middle, as at C; and fome few

of an oval form with an owal bright fpot in the middle, asat D..
Among the figures A, B, D, I was convinced that I faw feveral

with a cavity or hollow in them, which gave them the appearance
of being half dark coloured, and half tranfparent. Others of thefe
falts or cryfials laid one on another in clufters, as at E; and laftly,
fome.there were with points at one end only, like half eryftals,

as at F. It is not ealy to defcribe the extreme minutenels of thefe
corpufcles, and fome of them were indeed, fo fmall that they

almoft elcaped the view of the microfcope.

All thefe particles, which I name the falt of vinegar, I conclude
to be thofe parts of it which excite on the tongue that tafie or
fenfe named acid. And, although they appeared to me, through
the microfcope, of the fhapes and fizes I have mentioned, yet
I concluded that they were all compofed of fiill fmaller par-
ticles, of the fame fhape, in like manner as I have often in our
common fea-water, or in water wherein common falt is dillolved,
when placed before a microfcope, feen many particles moft
exaétly quadrilateral, or four-fquare, but {o minute that millions of
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them were not equal to a grain of fand ; and thefle, while I contem-
plated them, would increafe in fize ftill preferving their exact fquare
figure. In like manner I conclude, that there are none of thefe (harp
pointed falts which I obferve in vinegar, but are compofed of num-
bers of {maller particles of fimilar fhape.

Having kept in my parlour for about two months, a glafs, two fin-
gers broad, with a fmall quantity of vinegar in it, expoled to the air,
I obferved, at the end of that time, numbers of {aline particles {wim-
ming on the furface, and, upon more narrowly examining them, I
plainly difcerned, what I had not fo clearly feen before, that thefe
faline particles had a kind of cavity in them, as eafily to be feen, as
if, with the naked eye we were to lookinto a fmall boat or a fhip,
and which, the longer the vinegar was fuffered to ftand, grew lar-
ger : fome of thefe, with the cavity in front, are reprelented at G,
and at H fome of the {fame feen fideways. I allo cauled a drawing
to be made of a living ecl, of that {pecies which is often found in
vinegar, whereof the number I faw in this liquor was very great ;
this is fhewn at L. M ; and at N O, another eel dead, which I killed,
on purpole that the limner might take it’s figure more accurately.
Thefe eels { which are invifible to the naked eye) I caufed to be drawn,
that by comparing them with the before-mentioned faline particles,
the extreme minutenefs of thofle falts might be the better conceived,
and it fhould be underftood, that by far the greater part of thefe
falts could not be difcovered by the common microfcope, which
made the eels vifible. I am allo defirous to convince thofe of their
error, who imagine, that the acid tafte of vinegar arifes from the
pungency, or {harp, fenfation, which thefe eels are fuppofed to excite
on our tongues, by their pointed tails ; for, were this the cafe, many
forts of vinegar would be taftelefs, becaufe none of the eels are to
be found in them ; and in winter time, vinegar would become vapid,
or lofe it's fournefs, becaufe thefe minute eels are killed by cold
or froft.
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1 was defirous to obferve the effeét of crabs’ eyes being infufed in
vinegar, it being faid that they ablorb or take away its fournefs, and
I concluded that this muft be performed by the acute falts before
mentioned being altered in figure, or rendered more foft or flexible,
{o as to lofe their pungency on the tongue. I took therefore, fome
new glafles, and after mixing in them vinegar with crabs’ eyes
broken in fmall pieces, I found, that the long pointed falts I have
before delcribed, were altered to a kind of oblong quadrilateral
figure rifing in the middle in form of a pyramid, fimilar to a diamond
when polithed ; thefe are reprefented in fig. 1¢c, at P, others Wwere
exactly fquare, as at Q, and others of the fhape reprefented at
. DBut it is to be noted, that thefe particles bore no proportion in
point of fize to the faline particles in common vinegar, for thele laft
were drawn from much deeper magnifiers, without the help of
which, [ could not have difcovered their thapes. And, what { pare
ticularly wondered at was, that thefe faline particles were almoft all
of the fame fize, which 1 never obferved in any other fpecies of
falts. After the effervelcence produced by the mixture of the vine-
gar and crabs’ eyes was fubfided, I drank about a third part of a
thimble full of the vinegar, and found that it had no acid tafie, but
a bitternefs, fo difgulting, as almoft to occafion a naufea or fick-
nefs. :

I have alfo pounded white chalk and mixed it with vinegar, and
I found that it produced the fame effervefcence as the crabs’ eyes,
and the fame change of figure in the faline particles, and that it alfo
took away all the acid tafte of the vinegar,

*
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OF THE SCORFION.

THE Direétors of the Eaft India Company in Delft, having fent
to me a living Indian Scorpion, I put it into a long and wide
glafs tube, ftopped at the ends with cork, though not quite clofe ;
and I prefumed that, on account of the coldnefls of the glafs, the
Scorpion would place itlelf on the cork, and fo be preferved
longer alive: and I occafionally put it into a thinner glafs tube,
in order, as far as I was able, to examine it by the microfcope.

I firft made my obfervations on its legs, the fifth joint of which,
from the body, being very tranfparent, I there plainly perceived
the blood running in an artery towards the extremity of the foot;
which artery, 1 judged to be the fize of an hair of ones head
and clofe befide it, the blood was returning in a vein of the fame
thicknefs. Thefe two vefiels I deemed to be the principal blood-
veflels in that limb, and, though I was well ailured, that there were
many {mall branches through which the blood was conveyed out
of the artery into the vein, and thus the circulation was com-
pleated, yet I could not get a fight of thofe minute veflels.

The blood of this creature not being of a red colour, it may be
ranked among thofe animals, which the antients named exfangues,
or bloodlefs.

I faw that this Scorpion had two black eyes; placed, not at the
extremity of the head, as we obferve in many fmall animals, by
which they difcover objetts on both fides of them; but thefe two
eyes ftood about the eighth part of an inch towards the back
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part of its head, and feemed defigned for the view of objeéls
upwards. And [ dilcovered, on each fide of the head, three other
eyes, only an eighth part the fize of the before mentioned ones,
placed in regular order befide each other, fo that thefe creatures
are provided with eight eyes; and, as the two eyes on the top of
the head are only fitted to look upwards, fo, thele eyes placed on
the fides are calculated to fupply the defect of the former ones.
And herein we fee, with how much perfection and provident fore-
fight, every creature, however difgufiing it may be to us, is formed
by Nature; and that none of {uch creatures have ever proceeded
from corruption, as fome men have imagined, but have been
produced by their like ever fince the Creation.

I put two living flies into the glafs with this Scorpion, in order °
to fee whether it would feize them as its prey ; but they appeared
not at all frightened at the Scorpion, even {itting upon its body,
and the Scorpicn was equally indifferent, and did not move itfelf
on account of the flies. [ afterwards put a {mall lizard, newt or
eft ; and likewife a fpider and a fly at the fame time into the glafs
with the Scorpion; but it appeared equally indifferent to them
all ; and after I had kept it by me almoft three months, in which
time it had not taken any food, it died.

As foon as [ perceived that the Scorpion was dead, I took a pair
of {mall forceps, and laid hold on that part in which I was per-
{uaded the poifon was depofited, and brought the fling before the
microfcope; then, by a little compreflion of the forceps, I caufed
the poifonous matter to iflue forth, which might be thought to
be emitted at the very extremity of the {ting, but upon examining
the fiing by the microfcope, I found that on each fide of it, near
the point, was a fmall aperture,

I have caufed a drawing to be made of this Scorpion, in order
to explain the nature of its fting.

Plate V. fig. 11, reprefents the Scorpion itfelf, and at A, is the
fiing, which the animal, whether in motion or at reft, always
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carries with its tail bent, or turned inwards, in order, moft pro-
bably, to preferve the fting from any injury it might fuitain by
the blunting of the point, or otherwife.

Fig. 12, FGHI, reprefents the fting, as feen through the
microfcope, and, between the letters G and H, may be feen the
aperture which the fiing has, on one fide; and fie.1g, KLMN,
reprefents the other fide of the fting where the fame aperture is
to be obferved between the letters L M.

It mult here be noted, that the prominent part which is feen
in figs.12 and 13, at letter X, is not to be taken for a fecond
{ting, for in my opinion it ferves only as a bafe or fupport, to be
fixed on the fkin, in order that by its help, the fting may be thruft
in with greater force.

Upon reflecting frequently on the make of this fting, 1 confi-
dered with myfelf, that, if the above mentioned aperture had been
at the very extremity, the f{ting could not fo eafily have been
made to pierce the fkin: I alfo thought, that the Scorpion has not
power to expel the poifon, but that when the fling enters the
flelh, then the fides of the oblong cavity in it (which is feen in
the figs. 12 and 13, between the letters G H and L M) are, by the
preflure on the {ting in its entrance (in regard the inner parts of
this cavity are of a foft and yielding nature) forced inwards, and
by that means the poifon within the fting is driven out. Now,
if the Scorpion had power to eject its venom, I imagine that it
would not ftrike at any objeé¢t whatever withits fting, without at
the fame time emitting fome of the venom; but as this is not
obferved to be the cafe, we muft conclude, that the poifon is
kept within the fting, until, by the force applied in piercing the
fkin or flefh, the poifon is driven out, and there it will exert
its full force upon the juices of the wounded part.

The liquid matter, or poifon which I before mentioned to have
extrafted from the fting by preflure (though it was in a very
imall quantity) I put into a clean glafs, which 1 prepared on
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purpofe, in order, if poffible, to difcover the faline particles
contained in it, which alone, as it feems probable, do render this
liquid poifonous in fo great a degree; but, with all my attention,
I could not perceive any thing in it particularly worthy of noting.

This liquid, being in a very {mall quantity, and alfo being
{pread very thin, in a fhort time, all the moifture of it was evapo-
rated, leaving a kind of thick gummy matter, mixed with various
different particles, to which I could not aflign any particular
figure. Hereupon, I, without lofs of time, made a puncture on my
finger with a needle, and applied a fmall portion of the blood
which iflued from the part, to this poifonous fubfiance, in order
to {ee, whether the blood would undergo any alteration by the
mixture. But, nothing of that kind appeared, for I could not
difcern any difference between the blood which was placed on
the poifon, and that which lay near it.

The next morning, I diflected the tail of this Scorpion, and,
from each joint, I took out two flelhy mulcles, of a very white
colour, each of which was compofed of a great number of very
fmall oblong particles, terminating at the extremity of the mufcl
where it grew fmaller, thus forming the tendon : on one of thefe
mufcles was a kind of vellel, fhaped in the middle like a bladder,
and this, I concluded, was deftined to convey the poifon to the
extremity of the tail. Thefe flelhy mufcles were furnifhed with
annular parts, or rings, ferving to extend and contract the mufele.

Thofe eyes which were fituated on the upper part of the head,
I placed before the microfcope, whereby I faw how perfeétly the
tunica cornea, or horney coat of the eye was formed; for through
it 1 could {ee all the furrounding objeéts (though wonderfully
diminifhed ) fo diftinétly, that I could not contemplate the fpecétacle
without admiration ; but this pleafing fight was not of long conti-
nuance, for the tunica cornea foon dried and fhrivelled up.

Upon opening the belley, I could not form any judgment of the
anteftines, by reafon that they had begun to decay, except that I
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found twelve eggs, each about the fize of a grain of millet, of a yel-
low colour, and in fhape not unlike a lemon.

In the fore part of the head, and juft in front of the mouth, I
obferved two teeth, each fixed on a fhort joint, and they are ufed,
as | imagine, by the Scorpion, to grind its food, before it is taken
into the mouth.  Thele I feparated from the head, and found each
to confift of a three-fold tooth, one of which was fo made, as to fit
exadtly the cavity between the two oppofite ones. And, to fhew
the firength of thele teeth, I caufed a drawing to be made of one
of them. Fig. 14, O P O R, is this tooth, or more properly this
three fold tooth, and eon it, at P, are to be feen fome hairs ; the legs
of this creature are alfo covered with hairs.

I alfo placed before the microfcope one of the claws, which are
like thofe of crabs or loblters, and in fig. 11, are to be feen at C
or D. And I caufed a drawing of this claw to be made, in order to
fhew the curious formation of it.  Fig. 15, S T, is the claw, magni-
fied, and on it are plainly to be feen a great number of teeth or
notches, like thofe of a faw, fome of them larger than others, and
which faw-like teeth, I doubt not are {fo formed for enabling the
Scorpion firmly to hold fuch fimall living creatures as it catches for
its prey.

Seeing now, the wonderful make of this animal, though to us
it is fo deteftible, and indeed {o noxious ; and, confidering the perfett
wifdom requifite for the contrivance of its feveral parts, we have
furely ten thoufand times more reafon to believe that its origin is
derived from thole which were created at the Beginning, than to
adhere to the chimaras and errors of the ancients, {fome of whom
have tran{mitted to us in their writings, the notion, that Scorpions
are not produced by generation, but from the great heat of the fun;
others, that they are bred from putrefaction in the bodies of croco-
diles ; and others again, that they are generated in rotten wood, and
fuch like fictions.
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ADDITION, BY THE TRANSLATOR.

It may not be unacceptable to the Reader, to fubjoin a quotation from
Dr. Mead's celebrated Effay on Poifons, and the rather, as the fentiments of our
Author, in regard to the nature of the Scorpion’s poifon, are exaétly fimilar to
thofe of the Doctor's, when treating of that emitted from the Viper's fangs ;
which animal, being much larger than the Scorpion, might afford Dr. Mead a
better opportunity of inveftigating the nature of this fubflance, than Mr. Leeu-
wenhoek could have, in the very fmall quantity which he colle&ted from the
Scorpion’s fting : and, as we fee that the operations of Nature are performed
with the greateft uniformity in cafes which are analogous, it may fairly be
concluded, that what Dr.Mead has faid, relpe@ing the Viper’s venom, may be
applied to that of the Scorpion, and of more minute noxious animals.

Dr. Mead exprefles himfelf on this fubjed, in the following words :

¢ This venomous juice itfelf is of o inconfiderable a quantity, that it is no
¢ more than one good drop that does the execution. And for this reafon,
¢ authors have contented themfelves with trials of the bite upon feveral animals,
¢ never effaying to examine the texture and make of the liquor itfelf: for
¢ which purpofe, I have oftentimes, by holding a Viper advantageoufly, and
¢ enraging it till it ftruck out its teeth, made it bite upon fomewhat folid, fo as
¢ to void its poifon ; which, carefully putting upon a glafs plate, I have with a
¢ microfcope, as nicely as I could, viewed its parts and compofition.

¢ Upon the firft fight, I could difcover nothing, but a parcel of {mall falts
¢ nimbly floating in the liquor ; but in a very fhort time, the appearance was
¢ changed, and thefe faline particles were now fhot out, as it were, into cryftals
< of an incredible tenuity and fharpnefs, with fomething like knots here and
¢ there, from which they feemed to proceed : fo that the whole texture did in
¢ 3 manner reprefent a fpider’s web, though infinitely finer, and more minute ;
¢ and yet withal, fo rigid where thefe pellucid {picula, or darts, that they remain-
¢ ed unaltered upon my glafs for feveral months.*

¢ 1 have tried feveral ways to find out, if I could, under what tribe of falts
¢ thefe cryftals are to be ranged, and to difcover what alterations they make in

* A reprefentation of this, taken from Dr. Mead’s work, is given in Plate V. fig, 16,
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the blood : and, not without fome difficulty, by realen of the minute quantity
of the liquor, and the hazard of experiments of this kind, fome curious friends,
and my:!f together, made the following obfervations :

¢ About half an ounce of human blood received into a warm glafs, in which
were five or fix grains of the viperine poifon newly ejected, was not vifibly
altered either in colour or confiltence: it then was, and remained undiftin-
gutthable from the {fame blood, taken into another glals in which was no
poifon at all.

¢ Thele portions of blood were feverally mixed with acids and alkalis : the
empoifoned blood was, after fuch mixtures, of the fame colour and confift-
ence as the other.

¢ Spirit of nitre, fpirit of falt, and juice of lemons, feverally poured upon
the fanies itfelf, produced neither fermentation, nor any change of colour.

¢ Salt of tartar run per deliqguium, and the fimple fpirit of harfhorn, dropped
upon the venom, neither altered its colour, nor raifed any ebullition.

¢ Syrup of violets mixed with the poifon did not change its colour either to
red or green.

¢ The tintture of heliotropium, that is, blue paper, was not altered by the
[anies eje&ed upon it ; and this, drying, ftill retained its yellowith colour,

¢ We caufed feveral animals, dogs, cats and pigeons, to be bit by an enraged
Viper ; which generally died, fome ina longer, others in a fhorter fpace of
time. But we conftantly obferved, that they all, immediately upen the bite,
fhewed with figns of acute pain, marks of their life being affedted, by
ficknels, faintings, convullions, &c,

¢ The head of a large Viper lay three hours after it was cut off ; it was per-
feitly flaccid and without motion. A pigeon, wounded upon the brealt wich
the fangs of this head, was prefently convulled, &c. as from the bite of the
animal, and died in feven hours. _

¢« We contrived a fharp ftecl needle to be made, crooked, in fhape net un-
like to the Viper's tooth, with a fulcus or hollow on the convex part, not far
from the peint : into this, we put a drop of the venom, and with it wounded
the nofe of a young dog. It produced the ufual diforders of vomiting, purg-
g, &c. but in2 lefs degree, and the dog recovered. It was remarkable,
that upon making the wound the dog cried but little, till the poifon came
into it; but then he howled, &c. in the fame manner as if bit by the viper
itfelf.  But a pigeon pricked in the flefhy part of the breaft, by the fame
potfoned needle, fuffered as from the bite, and died in about eight hours,
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¢ We refolved to end out poifon-inquiries by tafting the venomous liquor.,
Accordingly, having diluted a quantity of it with a very little warm water,
¢ feveral of us ventured to put fome of it upon the tip of our tongues, We all
¢ agreed, that it tafted very fharp and fiery, as if the tongue had been ftruck
through with fomething fcalding or burning.  This fenfation went not off in
two or three hours, and one gentleman, who would not be fatisfied without
< tr}ring a large drop undiluted, found his tongue fwelled, with a little inflam-
¢ mation, and the forenefs lafted two days; but neither his, nor our buldneﬁ,
¢ was attended with any ill confequence.

¢ This is no cbjeétion to the hurtful quality of this juice: for, as fome chy-
¢ mical liquors ferment with others of a certain kind only, {o thefe poifonous
< falts may affe@ one fluid of the body, and not another ; it is {ufficient to the
prefent purpofe to fay, that the faline fpicula are broken and diffolved in the
¢ mouth by the clammy falival humour: and if any of them fhould pafs thence
into the ftomach and inteftines, the balfam of the bile will be an antidote
¢ there, powerful encugh to overcome their force.
¢ Thefe experiments upon the Viper poifon and the blood, are a fufficient
confirmation, that the nervous liquor only is affeted by this venom ; and at
the fame time afford a convincing proof, how much thofe fcanty principles of
our chymifts, acid and alkali, fall fhort in explaining the aftions of natural °
hodies ; fince neither of thefe falts could in any way be found to affect the
¢ viperine venom.” .

Mechanical Account of Poifons, p. 14, & feq. Ed. 1747.

The Doétor’s Effay on the Nervous Fluid and the manner in which it is
affected by animal poifons, is too long to infert in this place, but the Reader
will find it in the Introdu&ion to the work from which the preceding paffage is

taken ; that is to fay, in the later editions, for it is not to be found in the firft,
printed 17012.
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Of the Oak-gall, or Gall-nut ;* that it is not a fruit, but an excrefcence
produced on the leaves of the oak, by means of an infeét ; the manner
of its formation particularly defcribed. A fimilar excrefcence produced
in like manner on the Thiftle.

WHILE I was employed in the fummer feafon, to colleét
acorns from the oak, in order to examine the beginning plant in
that feed, 1 faw with furprize, that the gall-nuts were produced
upon the leaves of the trees. This feemed the more extraordi-
nary, becaufe I had fuppofed that they were the fruit of the tree,
but now I found that they were occafionally, or accidentally pro-
duced on the leaves of the oak. I was convinced of this, partly,
becaufe I faw but a few leaves here and there with gall-nuts on
them, (in fome of which I found four, five, and even fix galls)
and in others I could not find a fingle one; and in the next
place, becaufle 1 faw, that thefe galls were formed upon the large
fibres, or veflels in the leaves, which were burft or broken, in
the places where the galls were formed ; fo that I concluded that
fome infe€t had wounded or gnawed thofe veflels, and that the
juices of the tree, flowing out of the wounded part, had extended
themfelves in globules and veflels, and thus, as length caufed the
formation of the gall-nut.

* This is a literal tranflation of the Dutch word Gafnoot, ufed by the Author; in the
Latin tranflation it is Galla, which Ainlworth renders *a fruit called gall, or oalk-apple;*
but this is a miftake, for the oak-apple is not the gall, nor is it formed on the leaves of the
tree, but at the ends of the fmall twigs ; and it is produced, not by a fingle infeét, but by
a great number collefted together, and thole of a different [pecies from the infeét found
i the gall-nut,
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On my return home, I examined thefe gall-nuts more accurately,
and found that cach of them had a cavity in the middle, wherein
lay a living white worm, which had very little motion: it was
thick, in proportion to its length, and lay bent in a circular form,
the body of it confilting of thirteen or fourteen rings, as we fee
filk-worms and caterpﬂiarfz and thele covered with pointed bairs.

It feemed 10 me worthy of ebfervation, that, from this
ume, I obferved thefe worms, or maggots, continue alive to the
end of December; and that, in gall-nuts which I had gathered in
the fummer, and which were fo dried, that I thought they were
fhrunk to half their former fize; whereupon I concluded that the
wotms, for want of fufficient nourtfhment, had not arrived at their
full growth, fo as to be changed into flies, and had only been
fupplied with food fufhcient to keep them alive. But, when they
had. grown. to be fomewhat larger than a great pin’s head, then
[ faw the eyes heglnmng to be formed, which were of a black
colour.

After this, I went occafionally into the wood at the Hague in
order to purfue my f{peculations, and oblerved that thefe worms
were changing into flies; for, I not only could fee their eyes per-
feétly formed, but I alfo could difeern plainly their horns and
feet, and the hind part of their bodies, This iufeét then lay with-
out any motion that I could perceive, with its feet, fix in number,
and its two horns lying in regular order clofe to its body, in like
manner as we fee in the aurelia of the filk-worm, before it comes
out of its fhell, or covering, but in this animalcule I did not
then obferve any fuch cafe or covering; but only the fhape of a
{mall fly without wings, the hind part of its body of a round form
and of a fhining black colour, and which in a fhort time was
provided with two larger and two [maller wings: and I after-
wards found that thele aurelias had a thin covering, which
enclofed the body, but not the feet.

From thefe my oblervations, I concluded, that thele animalcules
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were thus produced, namely, by the before-mentioned kind of
fly, laying its eggs on the leaves of the oak, where, when the
young maggot is hatched, it bites or pierces the veflels of the leaf,
fo that the juices flow out, and are hardened into globules, fpread-
ing themfelves, at the fame time, in a circular form like veflels,
and thus produce what is called the gall-nut, and which juices,
while hardening, do inclofe the maggot in the middle,

This newly-formed gall-nut fupplies the animal with food,
for it eats away the fubftance of the nut by little and little, round
about 1tfelf, whence proceeds the cavity we find in the middle of
thefe galls, and which cavity grows larger, as the animal increafes
in fize. And it {eems to me, that unlels fome of the large veffels
in the leaves were injured or perforated by one of the maggots
I have deflcribed, there could not be any gall-nut formed, for in
every nut which I opened, I conflantly found a maggot (though
mn an hundred fuch nuts, I found but two which contained more
than one) and this, though one gall-nut was fixty times the fize
of another.

It is however to be noted, that the wounding or biting the
large veflels in the leaves, does not conftantly produce a gall-
nut ; for this is only formed, where a fufficient quantity of the
juices iffues from the opened veflels; to this alfo, the heat contri-
butes much, by condenfing or thickening the juice; and hereupon
it is my opinion, that where thele vellels are opened in the morn-
ing, galls will more eafily be formed than when it happens in the
evening; for I faw on thofe leaves on which were gall-nuts, and
alfo on thofe where none were to be feen, the leaves and veflels
much eaten into, and the veflels pierced through, and yet, not the
leaft appearance of the formation of a nut on the place. Farther,
I concluded, that many of thefe maggots get their fuflenance
from the leaves without piercing the large veflels, for in many
places I faw the leaves eaten away and in holes.

In further profecuting my enquiries on this {ubjett, I found
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that the beft fort of gall-nuts which are ufed in this country, are
brought from Aleppo. Hereupon I confulted Tavernier’s Tra-
vels, to fee what he fays on this fubjett; and I found, that in his
third book, when fpeaking of his journey to Aleppo, he fays, ¢ the
¢ hills are covered with oaks bearing the gall-nut, and fome
“of them, befides gall-nuts, allo produce acorns.” But, after
the preceding obfervations, we are not to wonder, that the fame
- oak will produce both galls and acorns, fince nothing more is
wanting for the produétion of a gall-nut, than fuch a fly as I have
mentioned, from the eggs of which, worms fhall proceed, which
feed upon the leaves of the oak.

To fatisfy myfelf more fully in this particular, I examined
feveral of thofe gall-nuts which are imported to us, and are much
ufed by dyers; and in fome of them I found a dead fly, of the
fame fhape with thofe found in the galls of this country, and in
others, only a cavity in the middle, with a round hole reaching
from that cavity to the furface of the nut, and in the cavity a kind
of duft, which I imagined to have been the excrements of the
worm while it was in the nut. And I found upon farther profe-
cuting my obfervations on the galls which I gathered from the
trees here, that not only the maggot i1s able to gnaw the fubftance
of the nut; but alfo, that the fly has power to perforate it, to open
a pallage for itfelf, though I do not think that the fly ufes the fub-
ftance of the nut for food.

In others of thele Aleppo galls, I faw no appearance of any
living creature having been inclofed; the realon of which I
concluded to be, firft, the maggot in our gall-nut, even when of
its perfe@t fize, is very tender, and crufhed with the leaft touch,
and contains nothing in it, but a whitifh fluid fubftance, fo that if
a maggot happens to die in the nut, whether from the juices
being too acrid, or the nut too hard, in fuch cafe, the fubflance
of the worm may fo dry away, as to leave no traces behind it.
In the next place, a maggot, when grown to a confiderable fize,




may pierce a large vellel in the leaf, and afterwards fhift itlelf to
another place, and out of the large vellel fo wounded, a gall-nut
may be produced without any maggot in i, The gall-nuis
which are formed without any infefts in them, are generally the
heavielt, by reafon that I.]l-f:}’ have not any cavity made in their
anfides.

With regard to my preceding obfervations on this fpecies of
fly, I was the more confirmed in my opinion, upon recolletion
of what I have obferved of the like kind in divers trees, and par-
ticularly the willow; on the leaves of which I have feen certain
green tubercles or f{wellings, on opening which T have found
animalcules within them, fome of which were alive, and others
dead ; all which I doubted not were produced by maggots hatched
from the eggs of ithe flies of the fame {pecies as. thofe which
I had found in fuch tumors or fiwel !mgw. For it is with me an
cftablifhed principle, that no living animal, whether worm, fly,
gnat, or mite, can be produced from the mere juice or leaf of any
tree or plant, nor from corrupted or decayed [ubftances.

1 have caufed a drawing to be made of thefe galls, as they grow
or are produced on the leaves; and in Plate V. fg. 17, ABCD,
15 reprefented an oak leaf, with that fide upwards, which, when on
the tree 1s undermoft; for I never faw any of thefe galls on the
upper fide of the leaf; the reafon of which I take to be, that if
the maggot was placed on the upper fide, and expofed to the fun’s
heat but for a fhort time, it would, by reafon of its {mallnefs, be
dried up and perifh. On this leafl are feen two large galls, and
two maller ones, at the letters EE, F, G, H.

Fig. 18, 18, exhibit a gall-nut cut in half, wherein, at N, N,
appears the cavity, in which the maggot lay; fome of thele
maggots, of different fizes, are thewn at I, K, L, M.

Fig. 19, {hews one half of a gall-nut, with the fly in it, which has
opened to itlelf a paflage from the cavity as far as the furface of
the nut, and at fig. 20, is the other half, exhibiting the cavity in
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the center, formed by the maggot, and the perforation to the cir-
cumference made by the fly.

Fig. 21, is the {ly bred in this gall-nut, whofe body is not quite
fo large as reprefented in this figure, but the wings are of the
fame fize as they appear here.

After thele obfervations, in the month of January, I again went
in fearch of gall-nuts, upon the leaves of the young oaks, and
thofe which hung near the ground; and I found a great number
of them, although the leaves were very much dried : in many of
thele galls I faw the perforation through which the fly had iffued;
in others of them I found living flies ; and in others, living mag-
gots.

Some of thele galls I placed in my clofet, and opened them at
different intervals of time, and I always found either the maggot
in them alive, or a hole, through which the fly had iflued : ten
of thefe I kept till the end of April, and upon opening them, I
found them all perforated with holes, and the flies which had
iffued from them, lying dead.

While T am on this {ubjeét, I can not forbear to mention, that
in the autumn there were brought to me a parcel of roundifh
fubftances, which were gathered from thiftles, and therefore,
called thiftle-nuts. Many of our countrymen carry thele nuts
in their pockets, under a notion that while they wear them, they
(hall be free from the diforder called the piles, particularly if every
year, they throw away the old nuts and procure frefh ones (which,
it is faid, do not grow in our province). And fome fay, that there
is a maggot in thefe nuts, and that while it lives, the before men-
tioned virtue remains in the nut, but upon its dying the virtue is
loft.

As foon as I faw thefe fuppofed nuts, I concluded that they
were produced, as I might fay, by accident; and that their virtue
againft the piles was a mere imagination. And upon examining the
nuts, I found that there was not one of them which had not one,

——
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two, three, four, and fome as many as [even or eight cavities
in it, each cavity contamning a fhort, white aurelia, or crylalis,
formed of many joints like réngs; thele aurelias were almolt all
alive, and I judged them to have been produced from maggots,
the offspring of fome fly or fuch like infeét, which had laid its
egg on the thiftle; and that thole maggots having pierced the
vellels of the thiflle, while in the flourifhing time of its growth,
had occafioned a copious effufion of juices, by means of which a
tumor or [welling had been formed upon the thiftle, which had
inclofed the maggot, and formed a folid fubftance round it. And
upon further profecuting this {ubjett, to elucidate my own pofli-
tion that thefe nuts had been produced by means of maggots, 1
opened feveral of them at different times in the fucceeding winter,
preferving the aurelias; and at length, towards the end of the
April following, they produced a fpecies of black flies, different
from any I had before [een, for the hind part of their bodies ter-
minated in a point, forming a kind of fheath, wherein was con-
tained a fmall {ting.

I thought it would not be amifs, to exhibit to the view, the
fhape and make of thele nuts, in order to fhew the fizes of them
and of the cavities they contain; and allo how far, fancy and
imagination will go with fome people,

Plate V. fie. 22, 23, 24, reprefent three of thele thiftle-nuts
dried, and of different fizes.

Fig. 25, is one of the fame nuts, cut open on the fide, where
may be {een two cavities, one of them, at A, containing an aurelia,

Fig. 26, is the fly produced from this aurelia,

Fig. 27, is a thiftle-nut cut acrofs, thewing feven caviues,
wherein the aurelia had lain,
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INTRODUCTION to the SECOND PART.

SRR T S T,
AH I have entitled this Tranflation, The difcoveries of the Author
in m uv of the Works of Nature, a term uled by himfelf) { fhall
take the liberty to lay before the Reader a few words, relpeéting the
idea we ought to annex to that expreilion.

Bv the word Nature, here ufel, 1 underftand that unfeen power
whereby different parts of Matter are brought together, and, by
their varicus combinations and medifications, produce thofe bodies or
fubfiances which we oblerve on this terraqueous globe. Matter, is
that Something, of which Bodies are compofed, and I call it Some-
thing, becaufe it: primary or original particles are fo minute as to be
entirely undifcernible by us; and it is not until they are combined or
colle@ed in larger portions that they become objects of our fenfes.
This is capable of demonftration many ways: for example, Earth,
which, in it{:If, has little either of tafte or fmell, produces herbs,
flowers, and fraits, pollelling an endlefs variety of taftes and odours;
and not only fo, but of natures entirely different from each other, the
fame [pot of earth which produces wholefome herbs for our tables,
bringing forth alfo the moft noxious plants, according to the qua-
lity of the feed or plant committed to it: and yet, we cannot trace
thefe various talles and odours, nor thefe wholefome and noxious
properties, in plants, to any other original than the fame common
parent Earth, aided by fuch fupplies as they receive from the other
*elements, Herbs, taken into the fiomachs of animals, are converted

* Water, it is well known, is effential to the growth of plants, neither will they vegetate
without a fupply of Air, afluid eight hundred times lighter than water; and, it is the opinion
of Sir Ilaac Newton, that Light, which is beyond all conception move rare and fubtile than air,
does enter into the compolition of Bodies.
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into the flefhy parts of their bodies, and even compofe the folid fub-
ftances of the bones and teeth : and all thefle vegetable and animal
fubftances do, by putrefaction, return tothe general mafs of Matter
from which they were fir{lt formed, and enter into the compofition of
new Bodies. Again, water evaporates, or is carried up into the at-
mofphere, in particles fo fmall as to be invifible tous ; and even mer-
cury or quick{ilver, the heavielt of all fiuids, upon the application of a
moderate degree of heat, fiies oft in vapour, and, unlels confined by
fome folid body, fach as achemilt’s retort, wholly difappears. Ar-
euing then, from thefe appearances, we mu't conclude, that the
elementary or original particles of Maiter, are not, as fuch, difcovera-
ble by us. And, as far as ocular e :amination can reach, Mr. Lecuwen-
hoek has given it as his opinion, that, had he been able, by the help of
glafles, to have difcerned cbjeéts, millions of times fmaller than thofe
his microfcopes difcovered, he could not have traced Bodies to their
original component particles.

Some Philofophers have fpent much time in arguing on the infinite
divifibility of Matter, and in propofing firange * thecries refpecting
its inherent properties. But herein. they feem to have exercifed their
wits, without much improving their underftandings; for furely, itis
of no utility to propound queftions, which car.not pot’ b.y be brought
to the teft of experiment. In oppolition to thefe vain {peculations,
how wile, and, at the fame time, how modeft, are the words of Sir
Ifaac Newton: + * It feems probable to me, that God in the Pe-
“ ginning, formed Matter, in{olid, mafly, hard. impenetrable, move-
« able particles, of fuch fizes and figures, and with fuch other proper-
“« ties, and in fuch proportion to Space, asmoft conduced to the end for

#  Buch as that of fuppofling the cohefion of bodics to be caufed by their particles being

formed with little hooks; and, that repuifi n proceeds from other particles being made like
hoops rolled up, and afterwar s expanding themliclves,

§ Newton’s Opticks, Qu. 31, near the end,
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“ which he formed th»m; and that thefe primitive particles being
“ Solids, are incomparably harder than anv porous bodies compoun ‘ed
“ of them, even fo verv hacd as never to wear or break in pieces;
“ no ordinary power being able to divide, what God himfe.f made one
“in the firlt Creation. Wahile the particies continue entire, they may
¢ compo'e dodies of one and the fame nature and texture in all ages;
“ but, {hould they wear away or break in peices, the nature of things
“ depending on them would be changed.  Water and Earth, com-
“ poled of cld worn particles, and fragments of particles, would not
¢« be of the [ame nature and texture now, with water and earth com-
« pofed of entire particles in the Beginning. And therefore, that
“ Nature may be laliing, the changes of corporeal things are to be
¢ placed only in the various feparations and new allociations and mo-
“ tions of thefe permanent particles; compound bodies being apt to
¢ break, not in the mid{t of fulid particles, but where thole particles
“ are laid together, and only touchin a few points.” This feems to
be the ne plus ultra, or utmolt extent of human fagacity, terminating
in a conclulion, worthy of that great Philofopher and good Man. In
conformity to which, I think we may fay, that the particles of Matter
are not infinitely, but indefinitely fmall, or, in other words, fo
minute as to be fingly, invifible to us, though collectively, they are
the daily objects of our fenfes. It now remains to confider the pro-
perties of Matter, or, the means by which its particles are bmught
into action.

The Honourable Mr. Boyle has written an Effay on this fubjeét,
wlerein he refutes the error of the ancient heathen Fhilofophers, and
their folluwers among the moderns, the Schoolmen, who figured to
themielves, an aftive, inteiligent Being, which they called Nature ;
fubordinate indeed to the Deity, but yet, prefiding over the mundane
Syftem, and direCting its operations. He {hews, in a variety of
inftances, that the fuppofition of fuch a Being, is infufficient to folve

a2
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the different phaenomena in the fyfiem, and, that it detraéls from the
honcur of the Author and Governor of the World : And he gives us
his opinion on the fubjedt, in thefe words : * « Since the prefent isa
¢ philofophicai enquiry only, we fhail only, at prefent, confult the
¢ light of reafon in the formation of the World, w hich might proba-
¢ bly be after the following manner. The great and wife Author of
¢ things, firlt forming the univerfal undiftinguifhed Matter, put its
“ feveral parts into various motions, by which they mult needs be di-
« yided into innumerous particles of different bulks, figures, and fitu-
¢ ations ; guiding and over-ruling the motions of thole parts, by his
¢ wildom and power, fo as to difpofe them into that beautiful and
“ orderly frame we call the World; fome being fo contrived, as to
“ form feeds, orthe feminal principles of Plants and Animals. Be-
¢ fides, he fettled fuch laws or rules of local motion, amongft the parts
¢ of Matter, that, by his ordinary concourle, the parts of the Univerfe
«« once compleated, {hould continue the ceconomy of the Univerfe, and
« propagate the fpecies of living creatures.” And again, he fays,
« If we fuppofe the univerfal laws of motion to be eftablifhed, and
“ that, by their cenventjons, the feminal principles of varicus things
« were contrived, by the local motion of Matter, {kilfully guided at the
¢ heginning, and that God’s ordinary and general concourfe, contri-
« buted to perfect the Univerfe, and continue it {o, there is no need of
“any diftinct powerful intelligent Being to aflift him, as Nature is
« reprelented ; fince the Pheenomena which occur, will flow f'ram the
¢« mere fabrick and conftitution of the World. ™

The learned Dr. Mead has a pallage on this {fubject of Nature,
when applied to animated bodies, which I the rather quote, as it con-
tains a reproof to thofe vifionary Philofophers I have mentioned.

4 ¢ Whereas the Word Nature, is made ufe of by Phyficians, in

-

£

# Enquiry into the reccived notion of Nature,
« 4+ Mead on the Small Pox, Chap, 11,
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the cure of all difeales, I will here, once for all, plainly declare my
fentiments of what we ought to underftand by that word. That
there is fml_"lething within us, which perceives, thinks, and reafons,
is manifeft beyond contradiction: And yet, the nature of that
Something, cannot be fully and perfeltly comprehended in this life.
Wherefore I fhall refign the difquifition of this point to thofe, who,
while they know too little of, and care lefs for, things falling under
their {enfes, take great pleafure in inveftigating thole things which
human reafon is incapable of conceiving. However, thus far the
foundelt Philofophers agree concerning it, that it is fomewhat in-
corporeal. For, how can fluggifh Matter, which is, of itfelf, void
of all motion, be the fource and firit caufe of Thought, the moft
excellent of all motions? Wherefore, it is fufliciently evident,
that this firft mover within us, is a {pirit of fome kind or other,
entirely different and feparable from terrefirial matter, and yet,
mofl intimately united with our body.

& I\-Torem'er,'m me, it feems probable, that this active principle, is
not of the fame fort in all; that the Almighty Creator has en-
dowed man with one fort, and brutes with another ; that the for-
mer fo far partakes of a divine nature, as to be able to exift, and
think, after its feparation from the body ; but that the latter is of
fuch an inferior order, as to perifh with the body.”

¢ Now this matter, if I am not miftaken, ftands thus: Such is the
compofition of our fabrick, that when any thing pernicious has got
footing within the body, the governing mind gives fuch an impulfe
to thofe inftruments of motion, the animal fpirits, as to raife
thofe commotions in the blood and humours, which may relieve

the whole frame from the danger in which it is involved. And
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very motions, which are commonly cal'ed natural and vita), as
thofe of the heart, lungs, and inteftines, which perfevcre through
thz whole courfe of life, even when the will cannot be concerned
in them, as they have their beginning from the mind, fo they are
perpetually under its direction.

Sir Ifuac Newton, in that part of his works above quoted. ex-

prelles himfelf as follows : * All material things feem to have been
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compoled of the hard and f[olid particies above ment cned, varioufly
aflociated inthe fir{t Creatien, by thecounfel of anintelligent Agent.
For, it became him who created them, to fet them in order. And,
if he did fo, it is unphilofophical to feek for any other origin of the
World, or to pretend, that it might arife out of a chaos, by the
mere laws of Nature ; though, being once formed, it may continue
by thole laws, for many ages. For, while Comets move in very
eccentrick crbs, in all manner of politicns, blind Fate could never
make ail the Planets move one and the fame way, in crbs concen-
trick, fome incenfiderable irregularities excepted, which may have
arifen from the mutual actions of Comets and Planets upen cre
another, and which will be apt to increafe, till this Syfiem wants
a reformation.  Such a wonderful uniformity in the Planetary
Syfiem, muft be allowed the effect of choice.  And fo muft the
uniformity in the bodies of animals they having generally, a right
and a left {ide, thaped alike, and, on either fide of their bcdies, two
legs behind, and either two arms, or two legs, or two wings before
upon their fhoulders ; and, between their {houlders, a neck run-
ning down into a back bone, and a head upon it ; and, in the head,
two ears, two eyes, a nofe, a mouth and a tongue, alike fituated.
Alfo, the firft contrivance of thofe very artificial parts of animals,
the eyes, ears, brain, mulcles, heart, lungs, midriff, glands, larynx,
hands, wings, fwimming bladders, natural {pectacles, and cther
organs of fenfe and motion, and the infiinét of brutes and infeéts,
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““ can be the effet of nothing elfe, than the wifdom and (kill of a
“ powerful ever-living Agent, who, being in all places, is more able,
“ by his will, to move the bodies within his boundlels uniform
« ®Senforium, and thereby to form and reform the parts of the Uni-
« verfe, than we are, by our will, to move the parts of our own
“ bodies. ”

I hope I may be permitted to add to the opinions of thele great
men, an obfervation, which, I think, muft have occurred to them,
though they have not particularly mentioned it, except Sir Ifaac
Newton, in the laft lines of the pallage [ have quoted from him. The
laws of motion which, according to Mr. Boyle, were eftablifhed at
the Beginning, and afterwards, continued, by what he calls, < the
“ ordinary concourfe of the Creator, ” and which principles are fiiled
by Sir Ifaac Newton, ¢ the laws of Nature,” cannot have any force
without the fame exertion of power to fupport them, by which they
were at firft created. Nor can the incorporeal mind or {pirit. menti-
oned by Dr. Mead, preferve its activity without the continued infiu-
ence of the Supreme Mind. For, the cafe is not analogous to what
may be {uppofled of a workman, cunﬁru&ing a machine. which fhall
for a length of time continue in motion, without his intervention ;
nor to that of a mafter, giving directions to his fervants to perform,
what they afterwards accomplith of themfelves. For, in the cne
inftance, the machine, if its firft mover be a weight, is kept guing
by the law of gravity, and, if a fpring, by the power of elafticity,
both which are entirely independent of the workman; and, in the
other inflance, the fervant executes his mafter’s commands by vir-
tue of the powers of {elf volition and action he pofiefies, independent
of that mafter, though, for the time, he willingly applies thole powers
to the accomplithment of the tafk afligned to him. Lut, we cannot

* Senforium, means the feat of confcioulnefs or perception, in animated Beings ; and, when
applicd to the Deity, his Omniprefence malkes it to be every part of Space,
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conceive any aétive principle to exift, in either Matter or Spirit, with-
out the fupport of the firft Caule ; for this would be to {uppcfe more
than one aétive ludepenaent Exiftence, which Dr. Clarke has proved
to be the greatelt abfurdity * Upon the whole, when we inveltigate
this tubjeét as far as our faculties will exrend, we cannot do otherwife
than refolve all, that we call the operations of Nature, into the con-
tin al gency of the firft Creator.  And, though we are loft in the
idea of fuch immenfe and inceflant energy, we are equaliy fo, in the
contemplation of any other of the Divine Attributes, foralmuch as
finite capacities cannot comprehend Infinitude.

While we poflels thele fentiments, and keep the idea of Nature,
and the Author of Nature, conneéted, (which it is not ealv for a
refleting mind to feparate) I cannot, for my part, but approve the
*} perfonifying figure, which I think more decorous than to name the
Deity on every trivial occafion: and Mr. Leeuwenhoek feems to
have been of this opinion, for he frequently ufes the expreflion
¢ de voorfichtig Natuur” i. e. provident Nature, but when the won-
ders he dilcovers excite his admiration, that admiration is always
dire¢ted to the Creator.

# Clarke’s Demonftration of the Being and Attributes of GGod.
+ The Ancients piftured WNature in a female form, to denote her fruitfulnels ; and, with
many breafls, to typify the abundant provifion made by her for her different produciions.
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* The Author's opinion and reafoning refpecling the formation of that
Species of fuel which is called Peatt, and alfo with regard to the trees
dug out of thofe places where Peat is found : from whence ke takes occa~
fion to propofe and difcufs a queflion, whetler the Sea may not, in
procefs of time, become more elevated in refpeét of the Land.

I HAVE heard many perfons deliver their fentiments, refpecting the
manner in which that fubftance called Peat was produced in this
country of Holland. The general opinion is, that the place where
this Peat is found was, in former ages, nothing but a wood, and that
the falling leaves and {maller branches or twigs of the trees, collecting
together on the earth, did in procefs of time, produce this fubftance,
which is by us called Veen. It is alfo believed, that thofe trees,
numbers of which are found among the Peat, formerly grew in the
fame place, and were all blown down by fome violent tempeft of wind

® In this Effay, the Author departs from his ufual method of invelligating the works of
Mature by the microflcape, and proceeds upon theory. It will be feen, however, that he
does, in one inftance, draw a very flrong argument in fupport of his hypothefis, from microl-
copical examination,

t+ The words Peat, and Turf, are fometimes ufed promifcuoufly, though their true
meaning is very different. Turf, properly fo called, as denoting an article of fuel, is
compofled of the thick roots of grafs, pared off the furface of the carth on commons, and
dried in the fun, The bark of oak, after it has been ufed by the tanners, made up into
fquare pieces or cakes, and dried, is fold in London for firing, under the name of Turf. But
Peat, of which the auther here treats, is found under the Turface of the earth, fometimes e
a confiderable depth.

T
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from the North-Weft, and that for this reafon, the roots of all the trees
{o dug up at this day do point towards the North-Weft.

Thefe opinions I have often controverted : for how can it be
imagined, that fo great a quantity of Peat could be produced from
trees ftanding together ina wood ; inalmuch as Peat is in fome places
found colle¢ted to the thicknefs of ten or twelve feet, and fometimes
more? Neither can it be conceived, how thofe large oak trees, which
are now found, lying in the midit of the Peat, could ever have grown
to their full fize in fuch a foil, for, a common ftorm of wind would
have been {uflicient to blow them down.

Again, it is well known, that thofe trees which are found at a confi-
derable depth in the Peat never have on them the fmall branches on
the ftem, nor any {mall ramifications on the roots, and all thofe {fmall
light branches of alders and willows which are found in Peat, are not
(as far as I have ever known) firm or folid in their Kinds, but very
much decayed, the fame as if they had been for {everal years expofed
to the air, or had died and withered on the trees, or were almoft rotten.
“Thefe decayed portions of wood cannot, as I conceive, have grown in
the places where they are now found, but muft have been carried
thither by fome flood, or fiream of water, and that they either floated
on the water, or had lain expofed to the air for feveral years, and
therefore may properly be denominated decayed wood; and I
remember, that on handling fome pieces of willow about the thick-
nefs of a finger, which I myfelf faw dug up, I found them as foft and
flexible as a withered carrot.

Now, if thofe oak trees, which are found at a great depth in the
Peat, had originally grown in the fame place, fuch trees would
certainly be found with the fmall branches on their {ftems and roots,
if not in the whole, at leaft in part, and thofe not decayed, for in the
very fame places there have been found in the Peat, hazle-nuts, with
their {hells entire.
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We know that thefe trees lye eight or ten feet below the furface of
the Peat, which furface is, in fome places, four feet lower than the {ea
at low water ; how, then, can it be conceived that thofe trees could
have grown in fuch low lands, unlefs we fuppofe that the level of the
fea wasat that time full twenty feet lower than it is at prefent?

To this may be added, what I have myfelf been an eye-witnefs to,
that a violent ftorm from the North-Weft has f{o agitated that river
which we call Hollands Diep, or Haring Viiet, as to tear up from the
bottom large portions of a fubftance fimilar to our Peat, but fo light,
as to be carried by the waves againft the banks, and there left, fome-
times in pieces larger than a cart-load, which fubftance I was told the
" poorer fort of people carried away for fuel. Now, it is impoflible that
this Peat-like fubftance raifed from the bottom of the Haring Vliet,and
which, like Peat, is compofed of leaves, fmall fibres of the roots of
trees, and other vegetable fubftances (and who knows how deep the
bed thereof may be ?) could ever have grown mn that place.

I once faw Peat taken up from the depth of ten feet, in a watery
place, where it had never before been dug. I examined the texture of
it, and found it in part to confift of an herb called heath, which herb
does not grow in our Peat-lands. And I have alfo feen Peat dug up at
a confiderable depth under the fands, not in regular ftrata or beds, but
in broken interrupted patches, and fometimes in a large body collected.
This Peat 1 examined, and found that it confifted of leaves of trees,
the roots of grafs, the flalks of leaves, and very fmall pieces of wood ;
in fhort, there is no vegetable fubitance that grows wild of itfelf, but
what, upon an accurate inveftigation, will be found among Peat.

Some years ago, being on a journey at a {mall diftance on this fide
of Haerlem, I faw in a meadow by the road fide, a labourer digging in
the earth in a cavity as deep as an ordinary man’s height ; and, being
curious to know what he was taking up, Ialighted from my carriage.
and found that it was Peat which was laid by in pieces tv dry for firing

X a
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In the place where this man was digging, the Peat lay only in {mall
parcels, or collefted portions, and near the fame {pot there was not
any token or appearance of Peat. I was at the fame time furprized,
to fee lying on the fand among the Peat, a certain fubftance of
a fine blue colour, and I was told, that, near the place, it had been
found in a larger quantity, and enough of it colleéted to fill a fmall
cafk, which had been carried away and {old.

At another time, in pafling through the town of Helvoetfluys, I
obferved before the houfes of feveral poor people, parcels of Peat piled
up to dry, and I was told that it was good fuel, but produced a difa-
greeable {mell, and that it had been dug out in enlarging the dock for
fhips; and on breaking fome of this Peat in pieces, I perceived in it
fome {mall fhining particles, which induced me to carry home a fmall
quantity of it, that I might examine it by the microfcope.

I was informed, that this Peat was dug in a place where there had
formerly been a dyke, or bank againft the fea, and that the peat did not
lye ina regular bed, but only in three places, and that under it was the -
kind of fand we call klapzand, all which, upon examination, I found to
be as related. Hereupon I concluded, that this fand, called klapzand,
had in former times been the fea-fhore, and that the Peat had by floods
been brought to the three places where it was now found, and after-
wards covered with fand from the fea, or that wafhed down the river.

On my return home, I examined this Peat by the microfcope, and
found, that the before mentioned fhining particles were the feeds of
fome plant, which, if they had been ]arger, might have been taken for
beans, but thefe were fcarcely the fifteenth part of an inch in diameter.
Other fhining particles I alfo obferved in this Peat, which, upon a
more accurate examination, 1 found to be pieces of the fkins of thofe
flying infects which are produced by tranfmutation from maggots or
caterpillars, who hide themfelves in the earth ; and, among others, I
faw fome pieces of an infect of the beetle kind, which, as it frequently
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creeps into the earth, has its wings covered with a kind of fhell or
cafe for their defence, in like manner as we obferve in thofe infeéts
which are called by children cockchafers and ladybirds.

I alfo difcovered divers pieces of the bodies of various {fmall animals,
in which I could diftinguifh thofe little cavities or fpots which are
obferved on infects, particularly on the cafes covering the wings;
alfo on fome of thefe fragments I faw very minute hairs, fuch as the
bodies of infeéts are generally covered with, likewife fome fragments
of wings with hairs on them. 1 found alfo a kind of fling of fome
infet, and at the extremity of it an aperture, fuch as is {een in the
fting of a {corpion; in a word, I found an incredible number of
particles or broken fragments of infeéts of various kinds and fizes,
confidering the fmall quantity of Peat in which they were contained,
fo that it may fairly be concluded, that all thofe infects had been
promifcucuily collected together when the earth on which they lay
had firft been wafhed away.

In the fame portion of Peat were various particles, appearing to the
naked eye like the ftalks of grals or plants, and fuch I found them by
the microfcope to be,and by it I plainly perceived the tubes or veflels
of which they were compofed. I alfo difcovered fome few particles,
which feemed to be the hutks of feeds, and others which I imagined
were the rinds or bark of twigs.

All thefe particles, of the many different kinds I have enumerated,
were contained within the compafs of a portion of Peat not exceeding
a cubic inch in fize.

From thefe obfervations it appears, how incorruptible are fome
{ubftances, when buried deep under fand and water, when the fame
fubftances being expofed to the air, and in frequent agitation, are fo
divided and broken that they efcape our fight, and then we fay they
perifh ; and who knows whether this Peat-like {fubftance might not
have lain for fome thoufand years under the fand and fea water before
the place became firm land ?




( aso )

It is well known, that not onlyin Holland, Guelderland, and Utrecht,
but alfo on all the fea-coafl, as far as Holftein, much Peat is found;
and if it be true, as is generally believed, that not only England and
Scotland were formerly united to Ireland, but that the Orcades, Shet-
land, and Faro, and the other fmall iflands near them, were fﬁrmerljr
united (which iflands being rocks. or rocky on their {hores, are able to
refift the force of the fea), and that in thefe iflands this Peat-like
[ubftance is alfo found, we can without much difficulty folve the
queftion, if we fuppofe that thefe larger and fimaller iflands, by
violent ftorms and high tides of the ocean, may have been feparated
from each other, and that the earth or foil which was then carried
away, was covered with various trees, gmfs, and herbs ; all thefe fub-
{tances floating on the {ea, might, by the tides and North-Weft winds,.
be driven to the places where they now lie; and the trees which we
find lying with their roots pointing to the North-Weft, muft of
neceflity be depofited in that pofition: for, as the roots of trees are
heavier than the upper parts of the ftem, thofe roots muft fink deepeft
in the water, and, being dragged along the bottom of the fea, the ftems
would be driven foremoft, and caufe the trees, when walhed on the
land, to lye with their roots towards the North-Weft. The heavier
fubftances, as fand and clay, which had conftituted the foil fo carried
away by the fea, would, by their weight, fink to the bottom, and, taking
the fame courfe with the Peat, would be thrown upon it, and produce
a fandy fhore, as we now perceive it.

It is further to be confidered, that our rivers, the Rhine and the
Maes, do every year bring down with them great quantities of foil,
and particularly in the fpring time, becaufe at that feafon, by the fun
and rains, the fnow is melted on the tops of the high mountains, and,
running over the lands, wafhes away with it great quantities of fand,
clay, and earth, and thefe, by reafon of the {wift current of thofe
waters, find no reft until the rivers, becoming wider at their mouths,
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and meeting alfo the flood from the fea, their current is diminifhed,
and the fand fubfiding, produces fhallows. In thefe thallows, the clay
and earthy fubftances alfo fettle, becaufe in thofe places the waters
have little motion, in proportion to what they have higher up the
rivers, and, by this means it is well known that there is a continual
increafe of dryland in fome parts of our fhores.

If we obferve attentively our {ea-coafts, we fhall in fome places, even
thofe which the fea daily breaks againft and wafthes over, obferve large
pieces of black earthy matter, very compact and clofely cohering, and
which lye partly covered with fand, and partly cverflowed every tide.
Thele portions of earthy matter fo depofited, produce a ftrong argu-
ment, to convince us that our fhores thus wafhed up by the fea, were
not merely formed by fmall quantities of {oil gradually depcfited, but
by large portions or fragments of land. And, who knows how long
fuch fragments of land might, by reafon of their gravity, lye at the
bottom of the fea before they were thrown upon the fhore, which, in
all probability, could not be effected otherwile than by violent florins,
and that, many years after the fhoaly or fandy bottom was firft formed.

The magiftrates of Leyden had it lately in centemplation, if it
could have been done, to make a channel, outlet, or opening for
water, into the fea at Catwick, in the place where the Rhine for-
merly difembogued itfelf; but they found the undertaking to be
impradticable, by reafon that the level of the fea was too high at
that fpot. This, at firft, appeared ftrange to me, as I could not con-
ceive how the fea could obtain a greater altitude than in foriner ages,
feeing there is not a greater portion of waters on our terraqueous
globe, than at its firlt formation. But the difficuity ceafed in my
mind, when I confidered, what quantities of fine fand and flime, or
clay, are continually carried down our rivers, infomuch as to make
firm land, where formerly it was deep water; and further, what large
rivers there are in other parts of the worid, all which carry gieat
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quantities of fuch fand and {lime into the fea; whereby, at the
mouths of thofe rivers many levels of mar(h land are produced, while
on the other hand, moft countries far diftant from the fea are moun-
tainous.

If we then conclude, that, by all thefe rivers, a great quantity of
fand and earth, and whatever is heavier than the water, is depofited
in the fea, it neceflarily follows, that the fea muft from time to time
be more elevated. Again, by earthquakes, large portions or tracts of
land are buried in the fea, leaving nothing but lakes in their place ;
and we have inftances of a volcano or burning mountain cafting fo
many rocks and ftones into the fea, as to raife iflands where before
it-had been deep water.

In the year 1692, by an earthquake in the ifland of Jamaica, a
large fpace of land was {wallowed up, and converted into a lake ; and,
at the diftance of thirty miles from the fea, two hills, by the fide of
a river were thrown down, caufing the river to take another courfe;
from which new channel, a great quantity of earth muft have been
carried into the fea: and although the coaft of Norway, and that of
Ireland, Scotland, and part of England, are rocky cliffs, yet their
rivers muft continually carry much folid or heavy matter with their
waters, and, the beating of the waves againft the cliffs, will carry
thefe kinds of {ubftances into the bottom of the fea, and fo elevate
its furface.

To fome perfons this affertion may feem ftrange, as judging that -
the great extent of the fea bears no proportion to the fmall quantity
of earth which the rivers walh into it; and that therefore, the fea
cannot be fo much elevated, as to make any perceptible difterence in
feveral hundred years.

In order to fet this matter in a true point of view, I have made a
queflion with myfelf: Suppofing the mountain called the Peak of
Teneriife, to be funk in the fea, what elevation would it produce in
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the general furface of the water ? Now, (confidering the whole of
this globe to be one third part land, and two thirds water) I compute
that the whole furface of the waters would be thereby raifed between
one fourth and one third of an inch. And, fuppofing all the rivers in
the world, which are very numerous, (for according to our maps
Spain and Portugal only, contain one hundred) do yearly carry with
their waters into the fea fo much earth as is equal in fize to one half
of the Peak of Teneriffe, the fea would, in the fpace of one hundred
years be elevated nearl:.' two feet.

This being fo, it is not to be wondered, that we find our flood tides,
in firong winds from the North-Wefk, to rife higher than they were
known to do in former times, and that the Rhine, which heretofore
fell into the fea at Catwick, cannot now have any outlet that way ;
and laftly, that on the fame account, we are obliged to raife our dykes
higher than formerly. Indeed, we may conclude, that if in a courfe
of many years, there {hould not be more {pace given to the waters of
the ocean, by earthquakes or fubterraneous fires, producing cavities
in the deep, the low lands near the fea will at length be overflowed.

As to the quantity of land excavated in digging Peat, which fome
may imagine affords room to the waters, the [pace of earth or foil
fo taken away, does not, in my judgment, amount to a thoufandth
part of the {and and clay which is brought down the rivers, and be-

fides, the places {o excavated are, for the moft part. afterwards
drained.
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On the effecls of Acids in the Stomach, and the ufe of Fifb Diet, with .
a particular defcription and examination of the liquor or fubftance
named Runnet, which is ufed in the making of Cheefe.

I'T is the opinion of many medical perfons, that various diforders in
the human frame are caufed by acid in the ftomach, which coagulates.
the juices ; and fome condemn the ufe of acids, and alfe of fifh, as
articles of food. But to thele opinions I cannot fubfcribe, for, at a
town in my neighbourhood, where the people get their livi ing by ﬁ{h-,-
ing, and principally feed on fifh, efpecially when they are on the fea,
the men are very robuft and healthy, even to a great age; and, with
refpect to myfelf, I have experienced, that, when my habit of body

~ has been indifpofed, I have been greatly refrefhed by eating fifh,
with fauce compofed of a mixture of butter and vinegar, and I never,
found acid fauces difagree with me. Itis allo my opinion, that a filh
diet is more wholefome than flefh, particularly to thofe perfons who.
do not ufe much exercife, becaule fith is more eafily comminuted and.
digefted in the ftomach and bowels than flefh ; and, as flefh affords a
more nutritious fubftance, fuch fuperabundant nutriment is, in my
opinion the fource of many difeafes. And, I think it may be made -
appear, that the coagulation or curdling of food in the ftomach.
when caufed by acid, is not prejudicial, but rather conducive to
health.

In the markets which are held weekly i1 our town, it'is ufual to.
expole to fale, that part of the inteftines of calves which is called
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the Maw ; this is falted, and kept in cafks, and, with the pickle in
which it is preferved, goes by the name of Runnet. Tt is purchafed
by farmers, and when poured on milk* curdles it, of which curd.
cheefe is made. Some of this pickle I purchaled, in order to examine
it more accurately, but was obftruéted in my enquiry, by the numbers
of faline particles in it.

I therefore purpoled to procure from a butcher, fome of the liquor
when newly taken out of the maw, as {foon as the animal was killed5
and I was informed, thatif a calf had {wallowed any milk a few hours
before it was killed, there would be found in its maw a quantity ¢f
coagulated or curdled milk, which it was cuftomary for the butchers
to take out and preferve with falt in a jar, (fome of which curd was
thewn to me), in order to fell the fame to the farmers, who found by
experience that a {mall portion of this curdled milk, was of more
firength or virtue for their purpofe, than the liquor in which the maw
was pickled.

1 then went to another butcher’s, where 1 faw the maw of a calf,
“wherein, although the animal had not fucked for the fpace of twenty
four hours before it was killed, I perceived {ome portions of curdled
milk, larger than a walnut ; thefe I caufed to be wafhed in clean
water, and carried them home with me, and 1 was much {urprized to
find them as hard to the touch as new made cheefe,

This curdled milk I put into a glafs, and poured on it rain water.,
fo as to cover it about an inch, and then broke the curd into fmaller
pieces, in order that the faline particles, if any there were in it, might
be diflolved by the water; and, after it had ftood thus for fome hours,

I firained the water through a filtering paper, into a new and perfectly
clean glafs.

* JRomen in German, and sonsen or Funnen in Dutch, mean to curdle; this gives us the
grue derivation of the word Runnct,
Ue
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Some of this filtered water I poured cn a portion of wine, in order
to {ee whether it would have any effeét on the faline particles which
are in wine, but, after it had ftood feveral hours, I could not perceive
any alteration; I therefore determined to try the experiment with
vinegar. And, as the vinegar which is commonly fold, is for the moft
part adulterated, I took white wine vinegar, which I had kept with
marygold-leaves in it for five and twenty years, and was uncom-
monly firong, and mixed with it a fmall quantity of the before men-
tioned liquor, but I faw no other faline particles in it than thofe
which are found in vinegar. I obferved, indeed, feveral globules of
oil, which in all probability proceeded from the marygold flowers.

But, when I took a fmall quantity of new milk, and mixed with it a
very little of the before mentioned water, on bringing it before my eye
as foon as I pollibly could, I faw moft of thofe round particles
which caufe its white colour, curdled together, and an inconceivable
number of {maller particles, {fwimming among the curdled ones, from
whence I concluded, that thefe {maller particles were of a different
nature from the coagulated ones; I alfo faw in the fluid or whe}r
various pellucid globules of different fizes, the fmalleft of which were
no larger than globules of blood, and the largeft of thefe pellucid
glahules were twenty-five times that fize ; all thefe I concluded to be
thofe particles in the milk, of which butter is compofed.

From thefe obfervations it appears, that this liquor called Runnet,
which coagulates or curdles milk, does not take any effe¢t on wine
or vinegar, neither of which are adapted to the food of calves.

I was informed by the butcher, that the fame curdling of milk,
took place in the ftomachs of fucking lambs; and moreover, that if
lambs were taken from their dams and fattened with cow’s milk, it

would be curdled in larger quantities, by reafon, (as he judicioufly-
added) that ewes milk has more particles of fatin it than that of=

COWS.
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After this, I mixed new milk with a large quantity of Runnet, to
fee whether thole {inaller particles which I have before mentioned to.
have feen fwimming in the whey, would thereby be coagulated, but
they ftill continued to preferve their figure.

Upon examining the before-mentioned filtered liquor by the mi-
crofcope, I faw in itan inconceivable number of uncommonly minute
particles, to which, by reafon of their exceeding fmallnefs, I could not
give any other name than that of globules.

Whether the globules or {aits in the Runnet, have fuch an effect
on rain water, as to caufe any of its particles to coagulate, fo as to be-
come vifible by the microfcepe, 1 have not yet been able to difcover.

I feveral times tried the experiment of pricking my finger with a
needle. and, immediately mixed fome of this liquor with the blood, to
fee whether any of its particles would thereby be coagulated: on
viewing the fame through the microfcope, it exhibited a curious and
pleafant fpectacle of valt numbers of the globules of blood, rolling
one over another, but they were {o far from being coagulated by the
mixture, that they feemed more fluid than before..

After this mixture had ftood about the {pace of half a minute, 1
perceived in it many fmall pellucid particles, which by degrecs grew
larger, but yet were fo minute, and fo much covered by the circumja-
cent particles, that I could not clearly dilcover their figure; but, to
the beft of my judgment, they were irregular {aline particles, appear-
ing all of different {hapes, and adhering together, in like manner as
we cbferve in fugar-candy. Now, whether this appearance was com-
pofed of {alts in the blood, or falts in the milk, or both, I am not
able to difcover.

I feveral times applied a drop of the before-mentioned filtered
liquor to my tongue, and I judged it to have more of a bitter than an
acid tafie ; whereupon I confidered, whether its property to curdle:
milk, might not be derived from the gall,
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1 therefore went to a butcher’s, to fee whether the gall was not
emptied into the maw, but I found that the gall bladder did not dif-
charge its contents into the maw, but farther down, where the bowel
grows narrower ; this gall bladder I caufed to be cut off {o as toleave
the veflel through which the gall pafles, joined to the bowel, and
having bound both ends of thefe with a thread, I inflated the gall—

vellel with wind, but I found the parts to be fo contrived that notthe

leaft portion of water, or even of air, could pafs out of it into the
maw: ; '

When fome of this Runnet had ftood with a little water on itina
glals, forthe fpaceof two days, it acquired as acrida fmeli, as we ¢ per-
ceive in {four curdled milk.

I at one time, received from a butcher, the gall bladder of a calf,
which was entirely void of gall, whence I fuppofed that its contents
had been Ipilled by accident, but I afterwards underftood that no gall
had been in it, and that the like appearance was often obferved.

But, what {hall we fay, when we fee in how high eftimation tobacco
is held, and acids altogether condemned ; as if all our bodies were
exactly of the fame difpofition or conftitution.

For my part, I have for many years been ufed to fmoke tobacco for
the cure of the tooth-ach, but I have often found that before I {moked
halfa pipe, I was {o fick, as to be obliged to lie down near the fire, and
{o much difordered, that 1 could not even endure to be fpoken to;
whereas, on the contrary, every kind of acid, whether ufed in food, or
taken by itfelf, agrees perfectly well with me. In fhort, we can
much better judge for ourfelves as to what agrees or difagrees with
our conflitutions, than pretend to advife other people what is good
diet, or the contrary.

With regard to the curdled milk, which I have mentioned to be
taken out of the calf in hard pieces, it feems to me probable, that the
milk at firlt was but lightly curdled, and that the frequent contrac-
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tions of the bowel where it lay, which in the courfe of nature are
performed many times in a minute, were the caufe of its being found
in that ftate,

Seeing now, how powerfully coagulation is performed in animals,
we may conclude, that fomething of the fame kind muft take place
with the food in our own ftomachs, in order to render the fame nu-
tritive to us. And who can tell, how far fuch coagulation may take
place, not only with milk, but alfo with wine, vinegar, falt, and
other parts of our food? This, however, is certain, that if a i‘ucking
child cafts up the milk, on account of having {wallowed more than its
ftomach can contain, fuch milk, though juft before taken from the
breaft, is in a curdled ftate; confequently we muft conclude, that
coagulation in our ftomachs is a neceflary part of the animal ceco-
nomy.

If milk in the ftomachs of {mall animals was not curdled, it
would in & few hours pafs through their inteftines, and afford but
little nourifhment to their bodies. And, in this opinion 1 have been
confirmed by the experience of the butchers, from whom I find, that
when the excrements of calves or fucking lambs are thin and fluid,
they thrive but little, and, that at thofe times, no curdled milk is
found in their ftomachs.

I am aware, that thefe my obfervations, may difpleafe fome
perfons; as thinking that herein I am going out of my province ;
but, thofe confiderations weigh little with me, foralmuch as every
judicious perfon knows, that Phyficians themfelves, in many things
proceed merely by guefs, and therefore, I allume to myfelf the liberty
of offering my conjectures on this fubject,
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ADDITION sy tHE TRANSLATOR.

Almoft all the arts, which contribute to the fupport or comfort of human
Tife, have been the refult of long and repeated experience. I will inftance in the
two molt neceffary articles of food, which are bread and beer, refpeéting
which, a celebrated writer of the lalt age thus exprefles himfelf :—¢¢ The arts of
% brewing and making bread have, by flow degrees been brought to the per-
¢ fettion they now are in, but, to have invented them at once, and, * & priors,
¢ would have required more knowledge and deeper infight into the nature of
¢ fermentation, than the greateft Philofopher has hitherto been endowed with ;
¢ yet the fruits of both, are now enjoyed by the meaneft of our fpecies.”

Cheele, however, another principal article of food, at lealt among the
poor, was molt probably brought into ule, & prisri, by adverting to the
change made in milk, from a fluid to a folid, in the ftomach of the calf, and
by imitating nature in the manner defcribed in the preceding Effay. To
preferve the concreted or hardened fubftance, in a wholefome [tate, for a
length of time, human invention added falt, and, by thefe two ealy operations,
is produced that, which is now a luxury to the rich, and a fupport to the
poor.

How the change in milk, by the mixture of Runnet, is produced, Mr.
Leeuwenhoek’s induftry, we [ee, has not been able to difcover ; we can only
therefore admire the manner in which nature operates, to produce this effeét.
For, there is no other known fubftance that fo effe€tually curdles milk, and,
though the tafte of Runnet is of itfelf very naufeous, yet none of this difa-
greeable tafte is imparted to the curd ; on the contrary, that which is called
cream cheele, or new cheefe, being merely the curd, without any mixture of
falt, is of a fweet and delicious tafte, and is produced as a dainty at our
tables,

* The expreflion, a priori, means, in logic, or in practice, to argue or to act upon known
and cltablifhed principles, from whence a certain conclufion or effect enfues; a pofferiori
means, wherey arguing from the effedt, we trace it backwards to its caule,
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Of the Snail or Infed found on the Vine, alfo on the nature of Sage, and

whence ils virtue proceeds ; with fome obfervations on the manner in
which different animals emit their poifon.

A Gentleman of fome confequence in this country, upon a certain
time, put into my hands, a parcel of fmall whitifh eggs, together with
fome dry earth, in which they were found ; and defired that I would
endeavour to difcover what fpecies of animal would be produced
from them. The axis of thefe eggs was nearly equal to one fifteenth
part of an inch.

One of thefe I diffeéted, and found in it a thin fluid, mixed with
round particles, or globules ; the reft of them I put into a glafs, but
their contents in a few days entirely evaporated, and the fhells, which
were very brittle and tender, upon the liquid they contained being
exhaufted, became fhrivelled, fo that no living creature proceeded
from them.

The following year, the fame gentleman brought to me {ome
more of thofe kind of eggs, which I treated in the fame manner as
the former, but with no better {uccefs.

In the month of July, in the third year, I received from the fame
perfon a larger parcel of thofe eggs, which were mixed with about
an handful of meift earth.

Seeing this, I began to confider, that perhaps, the reafon why the
liquor being evaporated from the former eggs, had thereby prevented
their producing any living creature, was, that in dry earth they be-
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came barren, and that in their nature they required to be kept moift ;
confequently, that if I treated themin the fame manneras the former,
I fhould never obtain my wifh to difcover their fpecies. I therefore
put thefe, and the moift earth wherein they lay, into a glafs tube,
about ten inches long, and three quarters of an inch wide, one end
of which I had clofed together by heat, and the other I ftopped with
a cork, by which means whatever moifture might evaporate from
the earth, would be confined by the glafs, and, there condenfing, the
greater part of it would fall back on the earth, and keep it, and the
eggs, always moift.

This tube I placed in my clofet, fo as to be continually in the way
of my notice, and, after fome days, Ifaw, to my great furprize, two
fmall # Snails, of that {pecies which infeft the branches of vines, (and
which are called by us Wyngaart-flakken, Vine-{nails or Vine-flugs)
on the infide of the tube, and which had crept out of the earth con-
tained in it.

I then took out of the tube an egg, or rather what was now become
a fmall Snail, with part of the egg {hell adhering to it, and put it into
a {maller tube, in order to examine it by the microfcope more
accurately; and thereuponI perceived in one of the horns a very ra=
pid motion, performed in a vellel, apparently an artery, and which I
judged to be about one fourth part the fize of an hair. This motion
was not an uniform or continued one, but by fits, or pulfes, and, fo
quick, that I judged the juices in the veflel were propelled forward,
three times within the period of one pulfation in the human body ;
and I concluded, that this vellel muft certainly be an artery, and not
far diftant from the heart, becaufe the quick pulfations I have noted,
could not, otherwife, have been fo diftinétly feen.

The next morning this fmall Snail was dead ; as I guefled, for want
of food, for the others of the fame fize, which were in the larger

# Mr, Leeuwenhoek has not given a figure of this animal.
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tube with the earth, continued alive; the next day more of the fame
kind of Snails came out of the eggs, and the third day many more,

I often contemplated one of thefe Snails, while adhering to the in-
fide of the glals tube, and, with great pleafure, I faw through its {hell
(which was fo pellucid as to tran{mit the light) a part of its body not
larger than a grain of fand, and of an oval {hape, which alternately
was contracted and extended, each alternate motion being performed
in the fame {pace of time as is required to pronounce diftinétly a word
of four fyllables. This little point or corpufcle, I deemed to be the
creature’s lungs, and the reciprocating motion, that of refpiration.

I have formerly often diffec¢ted thele kind of Snails found on Vines,
chufing for that purpofe the largelt I could find, in order, if poflible,
to difcover the manner of their generation, and whether any young
ones were to be found in themn, but hitherto without any fuccels ; and
now, almoft by accident, and with little trouble, I plainly perceived
that thefe creatures were propagated by laying eggs.

It has frequently been matter of great wonder to me, to obferve
in the {pring, young Snails of this {pecies on the Vine branches, when
I could not conceive, how they could have been bred and brought
forth fo early in the feafon. But, fince it now appears, that they are
produced from eggs, the difficulty ceales, becaule we can eafily con-
ceive how thefe animals may be hid in the earth all the winter in
the egg, and break out from thence, as foon as the firft warmth of
the {pring returns.

I have likewife often obferved full grown Snails of this {pecies,
whofe fhells were covered with earth or clay, as if they had been
newly dug out of the ground, and never could fatisfy myfelf as to the
caufe; but this is alfo now accounted for, becaufe, as they muft
creep into the earth to depofit their eggs, it is natural to fuppofe that
fome portions of earth or clay may be left flicking to their fhells or
horns. And, if any perfon thould wonder how thefe creatures can
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creep into the earth, I can fatisfy him in that point, from my own
experience ; for I have frequently feen, after I had picked feveral of
them off the tree, and not only thrown them on the ground, but pref-
fed them with violence into the earth, by ftamping on them with my
foot, yet, in a fhort time, if their fhells efcaped unhurt, they would
find their way out again.

In the month of Auguft, I invited the friend I have mentioned, to
my houfe, and acquainted him with the manner I had treated the eggs
he had fent me, and fhewed him the Snails which they had produced,
with which he was greatly pleafed ; and told me he had rather {up-
pofed, that the fpecies of lizard commonly called Efts would have
been the preduce. The next day, he brought to me a very large
Snail of this fpecies, the furface of whofe fhell was covered with
moift earth, jult as if it had newly crept out of the ground ; and he
inforined me, that, while he was bringing it, he perceived it lay an
ege. Hereupon, I put this Snail into a glafs tube, about ten inches
long, and wide enough to give it full liberty of moving about; and
within half an hour it laid feven eggs, which I perceived fticking to
the glafls, and in two hours time as many more ; but, when [ next
examined it, I found that in creeping about the glafs it had broken
them all, and in two days it died, as I fuppofe for want of food, with-
out laying any more eggs. :

The fmall Snails, which, as I before mentioned, were produced
from the eggs, did not live above two or three days, and I perceived
that the fhells from whence they had iffued were very white, but the
remainder of the eggs which had not produced any young ones,
and were barren, were of a dark colour, and of a watery appearance.

It being now demonfirated by the foregoing obfervations, that
thefe Snails are produced from eggs, the old eftablifhed error muft
be abandoned, which thofe adopt, who dream that thefe creatures
are produced from corruption, or the decayed leaves of trees; and
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thence conclude, that, if fuch leaves are not taken out of gardens,
thele Snails will be bred from them. Whereas, we ought rather, on
confidering the matter, to fay, that if the leaves which fall in autumn
are left in gardens, the eggs depofited by thele Infets in the ground,
the {urface of which is covered with {uch leaves, will be the better
defended from the winter’s cold, and confequently more of thofe ani-
mals will be produced in the following fummer.

A certain Author, of the name of Kircher, having publilhed to the
world, that he had, by his microfcope, difcovered on the leaves of Sage
fomething like a fpider’s web, woven by fome {mall infeét, and hav-
ing thereupon founded an aflertion, that thofe who fhould eat of Sage
leaves, without walhing them, would be poifoned, I was requefted by
fome learned friends, to examine into the truth of this aflertion.

I had many years before this time, frequently infpeéted the leaves
of Sage, and always found that they were, in many places, covered
with fmall globules, but : never perceived on them any animalcules,
nor their eggs, even by the afliftance of the microfcope.

Upon this occafion, I procured fome Sage, not only the green fort,
but that, which, becaule its leaves are yellow at the edges, is called
variegated Sage. This I examined by the microfcope, and per-
ceived the leaves to be covered with many capillary or hairy parts, too
fmall to be difcerned by the naked eye; and fo clofely fet together,
that there was not a place in the leaves, of the breadth of an hair
without them, and, I cannot give them a better name, than capilla-
ments, or {mall hairs, becaufe, like the hairs of animals, they all ter-
minate in a fharp point. And I fuppofe, that Kircher had ima-
gined thefe capillaments to be the webs of {piders.

At the extremities of many of thefe capillaments, T perceived cer~
tain globules, which, through the microfcope, appeared no larger
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than grains of fand {een by the naked eye; and thefe globules feemed
to me to be filled with an oily {ubfiance. But I could not difcern
the leafl trace of any living animalcules on the furface of the leaves,
and 1 am certain, that, had there been any fuch, though an hun-
dred millions of degrees lefs than a grain of fand, they would have
been vifible by my microfcope. :

This oil, wherein the viy‘tue of Sage confifls, is produced on every
leaf of it in fuch abundance, as no one would believe, but from expe-
rience ; infomuch that one can fearcely touch a leaf of Sage, but an
incredible quantity of oily particles will adhere to the fingers.

My admiration was greatly excited, by obferving that the greater
number of the capillaments 1 have mentioned, were formed with three
joints, and fome, which fiood on the veflels of the leaves, with four.
Thefe joints I do not remember to have feen in the capillaments on
any other leaf, but whether that is to be attributed to my wunt of at-
tention, I do not know.

When Sage is dried, its leaves exhibit a whitifh colour, and that is
caufed by thefe capillaments, which, lying thick one on another, do,
by their tranfparency, produce that whitenefs.

This fame Kircher, in his writings, gives it as his opinion, that
Sage, and alfo Fennel, are very wholefome herbs, but, that in them is
produced a maggot, which, being inadvertently eaten, will caufe
grievous fymptoms, and even death itfelf ; and he moreover pretends
to have found by experience, that there is no plant which does not
breed fome maggot or moth ; but furely, if he had been provided with
a good microfcope, and had underftood how to ufe it in the diflection
and examination of minute animals, he never could have broached
fuch abfurdities,

For my part, it is my fixed and fettled opinion, that no leaf, no tree,
nor any root, ever did, or ever can, produce or breed any animal en-
dued with life and motion. But, a fmall animal may lay its eggs, or
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dépofit its young, on the leaf or fruit of a tree, which young one,
when depofited, or when hatched from the egg, may make its way
into the leaf or fruit, and there find nourifhment to promote its
growth.

It is an eftablifhed axiom among Philofophers, that, no-
thing can come of nothing ; how then can a being or fubftance void
of motion, produce a creature endued with motion and life? And
this is certain, that, whenever we diffect or examine finall animals,
the wonderful fabrick of their bodies, both externally and internally,
firikes us with aftonifhment.

As to the opinion, that venomous animals do {hed their poifon on
fruits or leaves, I donot fee that this can be faid of the Scorpion, nor
that poifonous ferpent called the Rattle Snake, neither of the Spider,
nor the Indian Millepeda, becaufe, as far as I can underftand, they
have not power to hurt, by fpitting or voiding their poifon on any
obje¢t, becaufe they cannot calt it to any diftance, but they do
mifchief, by inje¢ting it into a wound made in the flefh. But, it is
poflible for the Frog and Toad to infe¢t plants with their venom, for
1 have more than once obferved thofe animals, when irritated, eject a
kind of water,in a fiream, from their pofteriors, which water poifefles
an extraordinary corrofive acrimony. This property was firlt expe-
rienced here, by a refpe dable perfon, who, in filhing for Jack, ufed
young frogs for a bait; and once, while he was fixing a frog to his
hook, the animal on a fudden fcattered a little of this liquor into his
eye, which produced an excruciating pain in the part.

I have often taken notice of a large dog, who was very eager in the
purfuit of mice, which he would fwallow whole, without chewing. He
was alfo very fond of hunting frogs and toads, and, when he had killed
them, by biting, he ufed to throw them away; but at thofe times his
mouth was entirely covered with froth or foam, which [ attributed to
the liquor emitted by them. This was moft particularly the cale,
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when he caught a toad, for then, he appeared almoft mad, violently
fhaking his head, and, great quantities of froth or flaver illuing out
of his mouth; but he was accuftomed, before he began to bite the
toads, repeatedly to take them in his mouth, and dafh them againft
the ground.

This virulent liquid in frogs and toads, they do not,in my opinion,
emit, except upon extraordinary occafions, when they are irritated,
for it is a natural infiinét in all animals, carefully to preferve that,
which Nature has given them for their defence. So the Scorpion,
whofe weapon of defence is his fling, does, while creeping or running
along, carry the point of the fiing turned inward, towards his body,
in order to preferve it from injury.

This fagacity, and the other faculties we obferve inanimals, cannot
be fuppofed to be produced fpontaneoufly, nor that, with the crea-
ture it is bred from corruption or putrefaction, but, we ought to lay it
down as a certain pofition, that thefe faculties implanted in animals,
at the Beginning, have been, by a conftant fucceflion, tranfmitted to
their offspring ; foralmuch as we are not to fuppole that any new
animal, or fpecies of animals, is created at this day. Ina word, the
make and firucture of every creature, and the powers implanted in it,
muft, in my judgment, be afcribed to God alone, the Creator of the
Univerfe.
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On Wheat, and the manner of ils vegetation ; the nature of the feveral
component parts of téat grain explained, and their figures defcribed
as feen by the microftope.

ALL feeds contain in them the rudiments, or firlt beginning plants,
of their refpective fpecies; thatis, the part which, in the progrefs
of vegetation, {hoots upwards, and forms the ftalk or ftem, and that,
which penctrates downwards into the earth, and is called the root.
Seeds do alfo, for the moft part, contain a farinaceous or mealy fub-
ftance, which aftords nourifhinent to the young plants until the roots
are of a {ufficient fize for extraéting fupplies from the earth, to
continue and perfect their growth.

Among many other feeds, I have particularly examined the
grains of Wheat ; and, in them, the young plant 1 have mentioned,
before it began to vegetate, having firft either put them in
water for a thort time, or held a few grains in my mouth,
merely to moiften the outward membranes, whereby they could the
eafier be taken off. And, having feparated the two external mem-
branes which cover the young plant, I took it out from the grain, and
placed it before the microfcope, when it appeared to me to be com-
pofed of nothing elfe than a collection of afcending vellels, with
fome flexures or bendings in them, and fome minute tubercles or
pimples, which pimples I conceived to be only caufed by the evapo-
rating of the moifture.

In Plate’ VL. fig. 1, ABCDEF, is the whole of this begin-
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ning of the plant, magnified : ET D, are the parts or points from
whence not only three diftiné roots will grow, but they are alfo the
beginnings of three feveral {pires or flalks of Wheat ; for the minute
protuberances which appear at F A,and C D, are two diftin¢t plants :
fo that, from every grain of Wheat ( which is well worthy of obferva-
tion) there will arife, not merely a fingle ftalk, but three diftiné ones,
which are formed in the feed itfelf. And as, when {peaking of arti-
chokes, we call the principal or uppermoft fruit, the parent artichoke,
and the others chicken artichokes, fo. in the inftance before us, we
may properly name the uppermoft plant, which appears at B, and
whofe root projeéts lower than all the reft at E, the parent plant, and
the two fmaller ones, at I A, and D C, the two chickens or fuckers.

In order to form a computation of the proportionable fize of thefe
firft formed plants, I placed them befide an entire grain, which I
judged to be four times their fize bothin length and thicknefs, whence
it follows, that each grain of Wheat is fixty-four times larger
than the three feveral young plants formed in it, and which are to
receive nourifhment from it, in the beginning of their vegetation.

I cut off' a piece of this young plant, by a tranverfe fe-tion, acrofs
the part where the three vegetative principles I have deferibed arefitu-
ated, or at the place in the figure from F to D, only to fhew how, and
in what order, the roots (or that which is the place or fource of the
roots and plants in this feed) do lie in refpect of each other ; and alfo,
to point out the multitudes of vellels formed in them.

Infig. 2. ABC, is the firft or outward membrane or covering, which
enclofes both the plant, and the whole circumference of the grain of
Wheat, and is compofed of nothing but veflels extending lengthwile,
and which, being cut tranfverfely, appear in this membrane as they
are fhewn in the figure, particularly at B, where may be feen a few
of thefe veflels, prefenting part of their fides to the eye. The fecond
membrane or covering, is in part fhewn at DEF,
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The reafon why thele membranes appear at {o greata diftance from
HIK, the three young plants, is, that this grain of Wheat was very
much dried, and therefore, in the cutting, the membranes were eafily
feparated from the farinaceous part, where the young plants are
placed ; but when the plants and the mealy fubftance, lying in the
fpace marked by the letters DHIKFGD, are a little moiftened,
they very foon fwell fo much, as to fill up the whole {pace HEKL
This, however, is the cale in but few grains of Wheat, for, when the
yvoung plants, and the {ubftance wherein they lie, contract in drying,
the membranes which inclofe them contra& likewife, they being,
generally, all clofely united or adhering together.

At the letters H 1K, are thewn the three beginning ftalks, or roots,
of the future plants, as cut tranfverfely ; and, in thele, the vellels
would have been much more confpicuous than here reprefented, had
it not been, that in the cutting them (although the knife I ufed was
very fharp) they were filled up or flopped ; but, though by moiften-
ing, and then cutting them, the vellels appeared more diftiné, yet.
no fooner did the moiflure evaporate, than they contracted themfelves
in fuch an irregular manner, as to be much lefs confpicuous than at
firt. And. as to thole which were vifible, the limner continually com-
plained, that it was impollible for him to reprefent in his drawing, the
multitudes of {lender vellels which he {aw.

The fubflance wherein the young plants of Wheat are contained,
(which is very little in quantity) appears of a different colour from
the mealy part of the grain, by realon, that the globules which com-
pofe it, are not, fingly, {o pellucid, and therefore do not, altogether, ap~
pear fo white, as the meal which compofes the greateft part of
Wheat. And thefe two fubfiances are divided from each other, by a
third, of a fiill brichter colour than the white meal, as in the figure
isthewn at DG F,

If, in this figure, I had caufed the whole circumference of the grain,
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thus cut tranfverfely, and magnified, to be delineated, it would have
occupied too much {pace in the paper ; and therefore, I only included
fo much of the mealy part of the grain, as 1s exprefled between the
letters, a, D, G, F, c.

I have given afigure of the vellels mmpcﬁngthe external fhell, hufk,
or covering of W he*tt becaufe, contrary to what isgenerally obferved,
they do not end in a tubular thape, but grow out inte a kind of hairs.

Fig. 9, GHIKLM reprelents a very {mall piece of this outward
hufk, which, when ground, and feparated from the meal, is denomi-
nated Bran. Here, not only are to be {een the multitudes of veflels
whereof it confifts, but allo, how at their extremities, they grow out
beyond the grain, and terminate in hairy points, as at I K L.

The fecond membrane, lying within the firit, exhibits a cu-
rious {pectacle; on account of the tranfverfe courfe of the vellels, in a
different dire¢tion from theformer; and at fig. 4, ABCDEF,is hewn
an exceeding {mall particle of it, wherein, though it is no more than
can becovered by a grain of fand, the wonderful courfe of thofe nume-
rous minute vellels is plainly to be feen. And, as it is truly faid, that
nothing is made in vain, we cannot fufficiently admire this, and fimilar
objedts, when viewed by the microfcope.

In the fame figure,at D and E, may be feen fome of thofe globules
which compofe the mealy fubtance of Wheat, lying within, whatfeemed
to me at firlt, an exquifitely thin pellicle, like a third membrane,
but was, in reality, only the finer part of the meal.

I many times endeavoured to trace in the young plant, while in t]le
feed, the vefiige or firft formation of the ear, but all my endeavours,
even with the afliftance of my microfcopes, were fruitlefs, though I
was well aflured in my own mind, that it did there exift : at length, to
fatisfy mylelf, if pofiible, in this refped, I took a fmall brafs box, and
almoft filled it with that fort of white fand called {cowering fand,
enthe furface of which I placed, upright, about fixteen grainsof Wheat,
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and, after firewing more fand on thefh, to about the thickne's of the
back of a knife, I moiftened the {fand with rain water ; and, becaule
the weather was extremely cold, it being in the mid(t of winter, I car-
ried the box about with me in my pocket.

At the end of four days, fome of the grains had put forth fhoots to
the breadth of a finger : one of thefefhoots, T cut off clofe to its root,
and, opening it, I took out the middle part of the plant, wherein, by
the help of the microfcope, I perceived fome minute leaves, and, from
their appearance, I was well aflured that the ear between them had
increafed in fize, though I could not diftinctly perceive it.

After carrying the box and the remaining grains in my pocket four
days longer, I opened it again, and, taking out from one of the fhoots
that part which confifted of the innermofi leaf, immediately inclofing
the ear, [ placed it before the microfcope, directing the limner to make
a drawing of it, as itappeared to him. This is thewn at fig. 5,
ABCD, where AB D, is the young ear, and BCD, the inner leaf
inclofing it.

At the end of four days more, being the twellth day, I opened
another of the grains, and, having feparated the young leaves a little
alunder, I was much more confident than before, that I difcerned the
ear; this alfo I caufed to be drawn from the microfcope, as at fig. 6.
EFGH.

From thefe obfervations we may be fuily allured, that warmth and
water, will, of themfelves alone, promote the growth of plants.
And alfo, that God, the all-wile Creator of the Univerfe, does not
create any new {pecies of Things on this Earth, but that, at the Be-
ginning, he fo ordained and conftituted all things, that, his Creation
being perfect, the feeds of plants, when come to maturity, fhall
produce or contain in themfelves (however undilcoverable by us)
the part or vegetative principle of the future plant, which, in its
due time will be produced, and that, in all relpeéts conformable to the
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original plant.  And this, I take to be a certain truth, which prevails
not only in plants, but in all living creatures whatfoever.

I was defirous to examine, whether in the vegetation of corn, there
would be as great a number of radicles proceed from the firft root, as I
had obferved in grafs, and for this purpofe, I took a glafs tube, about
half an inch in diameter, and three inches long; having ftopped this
at one end, I filled it rather more than two third parts with dry fand,
which I moiltened with rain water, and prefled it gently together to
keep it in its place, and then depofited it in three grains of Wheat,
ftopping alfo the other end.

This glafs tube I frequently carried in my pocket, and in three or
four days, the Wheat began to put forth roots. On the feventh day,
the roots were {o far grown, that I could meft plainly difcern them to
be compoled of wonderfully minute tubes, each of which was formed
with joints, as are to be feen in reeds or firaws. &

The diameter of thefe roots was, as near as I could compute,
about the fixtieth part of an inch, and, at the extremities, they were
obtufe or rounding, like the ends of thofe quills which are taken out
of the wings of birds: the furface of them was very {mooth and
fhining, without any appearance of radicles iffuing from them,
excepting near the grain, where numbers of exquifitely minute radicles
were to be feen.

On the eighth day, the young germ or fhoot had grown to
the length of three quarters of an inch, the roots were alfo {o far
grown as to reach the bottom of the tube, whereupon I took
out the cork, and they then protruded themfelves out of the tube, and
I hoped to have difcovered in them, whether there were the {ame
Joints in the fmall radicles as in the larger roots ; but, in the {pace of
half a minute, the moifture in them was fo evaporated, that they be-
came contracted into irregular thapes.




¢ 35

With regard to the fize of thefe exceflively minute radicles, I
made the following eftimate, as far as my eye could judge. Suppofing
- the diameter of them to be as 1, that of the larger root from which
they proceeded muft be confidered as go, and confequently, 400 of
thefe {lender radiclestaken together were equal to the fize of the larger
root. Now, the diameter of this larger root being, as before ob-
ferved, the fixtieth part of an inch, g6oo of thofe roots will be equal
to a cylinder of an inch diameter ; and if this number be multiplied
by 400, it follows, that 1,440,000 of the fmalleft radicles are alto-
gether equal to a cylinder the fize of aninch.

This being the cafe, we may naturally conclude, that when any
plant is pulled up by the roots, fuch fiender radicles as thefe, not
only efcape our fight, but muit almoft all be broken oft, unlefs the
earth or moift fand which furrounds them adhere to, or is taken up
with them.

After thefe very flender radicles I have defcribed, had remained in
the tube three or four days, thofe parts of them which did not touch
either the fand or the glafs, and were expofed only to the air within
the cavity, were fo dried up and contratted into irregular forms,
that they appeared like parcels of wool, or the threads of fine linen
tangled together,

In the month of April, Itook up in a field, which in the preceding
autumn had been fown with Wheat, fome of the young blades or
{hoots, with their roots, and the carth adhering to them : and upon ex-
amining thefe, I obferved nothing vifible, except the largefi thoot or
parent plant, which was by far the largeft, and had {hot up much the
higheft. To fhew the fize of this plant, I caufed a drawing to be
made of it, which is to be feen at fig. v, WX YZ; and in this
plant the blade being fhot up to the height of about four inches,
the joints, or knots in the ftalk, were already formed, the young ear
lying at the end next to the root, at W,
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‘This plant, reprefented at fig. 7, I cut open, and took in pieces,
until I perceived the fmalleft leaves of all, which as I may fay, fur-
rounded the ear; thele alfo I took off, and then the ear itfelf was
vifible, which, viewed through the microfcope, appeared as at fig. 8,
ABCDE. But, I did not deliver this Object to the Limner, until I
had difiected feveral of the young plants, and found, that they were
- all exaélly of the fame figure. :

At the expiration of nine days from this time, I examined more of
the young blades of Wheat, but did not perceive any change in the
car worthy of note, except that it was grown fomewhat higher from
the root, and that the joints or knots in the ftalk, were more plainl}'
to be diftinguithed.

The fiems or ftalks of Wheat, which, after the grain has been
threfhed out from the ear, are denominated Straw, appear to the eye
wonderfully fmooth and thining, the outer coat of them being compolfed
for the greater part, of veflels incredibly flender, with here and there
a few larger ones intermixed ; the inner part is compofed of larger
vellels, all which I have reprefented as nearly as poflible to Nature,
in the following figure.

Fig. 9, ABCDEF is a very fmall piece of Straw, cut tranfverfely,
and leen throughfthe microfcope : any perfon,by confidering what pro-
portion the arch, or curved external part of it, marked AF, bears toa
cirele, and, comparing the fame with fo much of the known diameter
of a Straw, may eafily conceive the natural fize of the particle here
reprefented.

ABEF, is the bark or outer coat, compofed of the veflels
before defcribed ; GGG G, are the veflels of which the inner part for
the moft part confifts ; they are of four, five, and fix fides, according
as, at their firft formation, their thape is accommodated to thofe ad-
joining them.

HHHH, are veflels intermixed with the laft mentioned ones, and
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containing in them fiill finaller veflels ; in thefe veffels I have Teen the
juices (at the time the Wheat ftalks are growing) running with a
wonderfully rapid courfe ; and, through the joints or valves in thole
veflels marked G, the juice was carried upwards, which juice was for
the greateft part .compofed of globules; and when thele globules
came to pals the valves where the paflage through the veflelsis very
narrow, they aflumed arn oblong figure, until they came into a
larger fpace, when they realiumed their priftine globular fhape.

Fig. 10 reprelents thele afcending veflels cut longitudinzlly, and
feen through the microfcope, being the fame which in fig. g, are
marked GG : at I111, are the valves I have mentioned, and, in thofle
parts, the paflages through the veflels are the moft narrow or con-
fined of all.

The ftalks of Wheat, are formed of none other than perpendicular
or alcending veflels, and that, in my judgment, is the reafon, why
they are furnilhed with a kind of joints or knots, at certain intervals,
in order to give firength to them ; and that, without {uch joints, the
ftalk would not be able to fupport the ear, whichis its fruit. This is
alfo the cafe with grafles, and likewile with reeds, for the {fame rea-
fon ; and it alfo obtains in the bodies of fome trees. In thele northern
parts, indeed, all trees are provided with horizontal veflels, whereby
they have a {ufficient firength ; but, in the warmer climates, where
many of the trees have no other than perpendicular veflels, fuch asis
the cocoa-nut tree, the want of horizontal veflels is compenfated, by
numbers of thele kind of joints, formed at fhort intervals, through
the whole length of the tree.

The farinzceous or mealy part, of which the grains of Wheat are
principally compofed, confifts of thole minute globules I have before
noticed. Thefe globules are, fingly, tranfparent, and lie clofely
compacted within a kind of membranes, fo exquifitely thin and tranf-
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parent, that, in fome places, their texture is not to be difcerned, A
very fmall particle of one of thefe membranes, as it appeared upon
the grain being cut longitudinally, is fhewn at fig. 11, EFGH;
within thele membranes the globules of meal are inclofed, as it were,
in cells ; and, at H, fome of thofe cells are reprefented, filled with the
globules of meal : the natural fize of this figure, is no more than can
be covered by a common grain of {and.

The globules of meal, are of very different fizes, fome being more
than an hundred times larger than others, and fome fo {iall, that they
almolt elcape the view of the microfcope. In order to give the reader
lome general idea of their minutenefs, I tock one of the larger grains
of that fort of pellucid fand, ufed in fcowering or grinding ; this grain
of fand, together with fome of the globules of meal adhering to it, I
caufed to be drawn from the microfcope, as at fig. 12, ABCDE. In
the fame figure, F G H denote a'fimaller grain of {and adjoining to the
former. 1K LM are fome of the larger and fmaller globules of meal,
lying near the grains of {and.

I had at firft imagined thefe mealy particles to be quite globular,
but I afterwards found, that I had been miltaken in that refpect; and
that they were not perfect Ipheres, each of them having a kind of
creale, chink, or indenting, like that which we fee in the grains of
Wheat, which had at firft efcaped my notice, partly from the extreme
‘minutenels of the particles themf{elves, and partly from their different
pofitions with refpect to the eye.

Upon viewing thele mealy particles, and the indentings in them I
have mentioned, I began, not without wonder, thus to reafon with
myfelf. Certainly thefe particles of meal were not compofed by a
concretion or collection of ftill fmaller particles, placed fide by fide,
as is obferved in fome liquors, fuch as wine and beer, whofe particles
coagulate, and grow together in mafles, which, in the former we call
dregs, and, in the lattertartar ; but the particles of meal muft beformed
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in another manner, that is, not by coagulation, but by growth. And
the membranes which inclofe them in cells, muft be provided with {fo
many veins or vellels, that every particle of meal may have its {epa-
rate vein, whence it derives its fubftance and increafe, in like manner
as the eggs of fifhes are nourifhed by a ligament or vellel, which is
obferved not only in the larger filh, but in thofe very minute
eggs which are feen in vaft numbers on fhrimps. Now, if the parti-
cles of meal, which, though not firiCtly fpherical, may yet be termed
globules, had net acquired their growth in that manner, it fhould
feem that they could not obtain that globular figure.

When we confiider the tranfparency of every one of thefe globules
of meal, we may well exclaim, How wonderful is this formation,
and how clofely compated muft be the fmalleit particles of which
each globule is compeled, to give it that tranfparency !

I next proceeded to examine, whether thefe particles of meal might
not be globules, inclofed in a certain thin membrane, as we {ee is the
cafe with all feeds; but I cannot be confident, that I everdid bring
this to my ocular deinonfiration. I then broke the globules in pieces,
and imagined that [ faw {maller ones inclofed in them, but herein I
found mylelf miftaken, for, thole globules which I faw {cattered
among the pieces, were {fome of the very fmalleft mealy globules,
colleted in {mall parcels.

I then uled my utmoft endeavours, to difcover the internal hidden
make of the globules of meal, wherein, atlength, to my great fatif-
faction, I fucceeded. I placed fome of them on a clean glafs, and
mixed them with a very fmall drop of water: when they were by
this means {eparated, I poured on them two more drops of water,
and brought the glals fo near to the fire, that in the {pace of a minute,
the water was all evaporated. Then, bringing them before the mi-
crofcope, I perceived, that their globular form was changed into flat
fhapes, of different fizes, according to the different magnitudes of the

Za




( ‘280 )

globules themfelves. Many of them had a little rifing in the middle,
which I judged to be that part, through which they had received their
growth and increafe.

This convinced me, that the globules of meal in Wheat, are
covered with a fkin or fhell, in like manner as the Wheat itfelf,
for, by the compreffion and flattening of the figures in the above
experiment, they would have been diflolved or {eparated, had they not
been confined by fome fuch covering. I then concluded, that the
chinks, creafes, or indentings I have noted in thefe globules, were in
thofe parts where their {kins had a kind of feam or joining, fo that
when warmed and moiftened, their {kins had burft open at thofe
places, and the globules {ubfided into a flat fhape, as before menti-
oned.

From this obfervation, I was induced to examine the grains of Wheat
themfelves, in order to inveftigate, how, and for what purpofe they
were formed with thofe indentings, chinks, or creafes.

For this purpofe, I cut pieces off the grains, by a tranfverfe feé‘tmn,
and examined thofe pieces by the microfcope, when I found, that the
fhell or hufk takes its courfe into the middle of the grain, and, on each
fide, returns in a curve or bending to the chink, by which means, the
hufk, when the grain fwells upon being moiliened, can expand itfelf
into a greater fpace.

Hereupon I was led to confider, that, whereas fowls, turkies, par--
tridges, pigeons, and other birds who feed on corn, cannot with their
bills, break or grind the grains of Wheat, Rye, and Barley, but take
them into their ftomachs entire, where, by reafon of the hardnefs of
the hufks, they cannot be broken ; feeing this, I fay, I confidered,
that thefe kinds of grain muft have been fo contrived and formed by
the all-wile Creator, that, without the hufks being broken in pieces
and digefted, their contents may be diilolved : which is thus per-
formed, namely, that by the moifture and heat in the {tomachs of
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thofe animals, the outward hufks, or fhells, may be expanded and
burft open, and the meal which they contain, having by this means
a pallage opened to quit its covering, may be diflolved, digefted, and
converted into nutriment.

To inveftigate this more fully, Itook a glafs tube, about the fize of
a finger, and clofed at oneend ; into this I put fome grains of Wheat
and Barley, with a fufficient quantity of water, and then applied {o
much heat to it,as, in a {hort time, made the water boil. Then, upon
examining the Wheat and Barley, I obferved, that their hufks, which
before, had been as it were clofely folded or clofed together, were not
now, broken or torn afunder, but, in the places where the grains had
been contracted and turned inwards, the parts had now receded ei-
ther way, caufing the hufk to gape open, fo that, in fome of the
grains, a part of the meal was vifible, and in others the whole con-
tents were laid open. Some of the grains of Wheat, however, I ob-
ferved, which had fwelled to three times their original fize, the hufks
remaining entire.

After this, I examined the dung of {ome hens, which, in the time of
a deep fnow, were kept thut up in a coop, and fed with nothing but
barley,which, it is well known, they fwallow whole. And, in the dung
of thefe fowls, I was much furprized to find nothing obfervable, ex-
cept a great number of pieces of the hufks of barley ; and I was at
a lofs to comprehend, how fo great a quantity of meal as thofe hufks
had contained, could have entered into the bedies of thefe fowls, con-
fidering that they were all full grown.

Farther, I infpeéted the dung of many fparrows, in which I found
a great number of very fmall hairs, clofely compadted together, in
a kind of regular order ; together with many fragments of the hufks
of Wheat and Barley. I atfirft wondered what thefle hairs might be,
till T recolle@ed the hairy or reed-like parts at the extremities of the
grains of corn, which I have before delcribed, and found thele to be
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the fame, for, in them I could perceive a kind of ftreak or hollow,
which is obfervable on thofe hairs. Thefe fparrows, [ underftood,
during this feafon, when the ground was every where covered with
fnow, fought their food in the corn market, where they picked up
the grains which, in handling and viewing the corn, had fallen to the
ground.

In order to exhibit to the eye, the manner in which the hufks of .
Wheat are folded or clofed together, I caufed a drawing to be made
from the microfcope, of a piece cut from the grain tran{verfely ; but
firlt, to fhew the pofition of the chink or indentmg, I ordered the lim-
ner to draw a figure of the entire grain, in its natural fize. This is
fhewn at fig. 14, wherein the fiflure, chink, or indenting, is denoted by
the letters N O. The line P Q, indicates the part from which, with
a very [harp knife, I cut feveral flices.

Fie. 15, ABCDE, reprefents a part or flice of the huik of Wheat,
inclofing the meal, cut off as above mentioned, and viewed through
the microfcope. A, is the part near that place in the grain, where
the young plant is fituated. GHFKI, are the two bendings in-
wards of the hufk, in a kind of circular courfe, the intent of which
formation doubtlels is, that, when the grain f{wells upon being
moifiened. the hufk may expand itfelf, and ftill preferve the meal in
its place: and by infpection of the part F, it will be feen, that the
hufk is not clofely united where the two bendings or flexures meet,
to the end, that when the meal expands itfelf ftill more, the two
fides of the hufk may recede from each other, and produce an open-
ing at that place.

[ have already deferibed the fize of the globules of meal, by com-
parilon with larger and fmaller grains of fand. I alfo caufed fome
of thefe globules to be drawn, as feen through a microfcope of very
great magnifying power ; firlt, to fhew more diftinétly that they are
formed with a chink or crevice on them, next to exhibit to view the
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fmaller globules, mixed with the larger, and finally, how the chink
or crevice appears on them. Thele are fhewn at fig. 16, LMNOP
Q R.

I have frequently repeated the experiment of placing a-portion of
thefe globules of meal, no larger than a grain of fand, upon a clean
glafs ; and, after pouring a drop of water on them, brought it to the
fire. After the water and globules were heated, and the moifture was
evaporated, the globules allumed a flat fhape, very like that of cakes,
which is reprefented in fig. 157, STV W. Moft of thefe had a little ri-
fing in the middle, being the place, as I before mentioned, where, in
my judgment, they were fupplied with juices in their growth. AndI
have often feen the very fmalleft of the globules undergo the
fame alteration in their fhape as the larger ones. In thele obferva-
tions I found a portion of meal, no larger than a grain of fand, mixed
with a {mall drop of water, fully fuificient to exhibit the change of
Thape before noted ; for, if more of the meal is ufed, the particles lie fo
confufedly heaped on one another, that they cannot be diftin¢tiy feen,
and, it is {carcely to be conceived, that a portion of meal, no larger
than a grain of fand, thould confift of fo many particles as are pic-
tured in fig. 17.

I have often examined a [iall piece of bread, taken from a loaf
made of fine flour, after the hulk or bran had been taken from it.
The particles of meal in this {mall piece of bread, appeared very much
like thole reprefented in fig. 17, with this difference only, that .the
particles in the bread, lay much more irregularly, and appeared more
mis-fhapen, with ragged points and rifings; a true reprefentation of

all whichis to be {een at fig. 18, ABCDE.
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ADDITION, sy tne TRANSLATOR.

WHOEVER perufes - Mr. Leeuwenhock’s Works, will find difplayed in
them much found philofophical knowledge, of which fome inftances appear
in the preceding Effay. Thele I fhall quote, in order to explain tho feparts
in them, which may appear difficult to fome of my readers. In page 171, the
author tells us, that the fubftance inclofing the young plants of Wheat, ap-
pears of a different colour from the mealy part of the grain, by reafon that
the globules which compele it are not, fingly, fo pellucid, and therefore do not,
altogether, appear fo white, as the meal ; and in p. 17g he refleéts, with admi-
ration, how clofely compatted muft be the {malleft component particles of
the globules of meal, to give them that tranfparency. To thofe, who are not
converfant in optics, it may appear firange, that the moft tranfparent bodies
have the fmalleft pores, and, that a collettion of [mall tranfparent globules
fhould altogether exhibit a white colour, but this is according to the efta-
blifhed doétiine of light and colours, of which Mr. Leeuwenhock appears to
have been fully informed. :

As to the firft, Sir Ifaac Newton has fhewn, that it is not the largenefs of
the pores of bodies which makes them tranfparent, but the equal denfity or
continuity of their parts; which, he fays, appears from hence, that all opake
bodies immediately begin to be tranfparent, when their pores become filled
with a fubftance of equal or almolt equal denfity, with their parts : thus pa-
per, dipped in water or oil, linen cloth fteeped in oil or vinegar; and other
{fubftances, foaked in fuch fluids as will intimately pervade their little pores,
become more tranfparent than before.

As to the [econd, white being a compolition of all colours, a colleétion of
tranfparent globules, which, from their {urfaces refleét the light in all diretti-
ons, will produce whitenefls by that refleétion. This is feen in the froth on
liquids, and particularly foap-fuds, which is nothing but a compofition of
minute globules of water, made tenacious by the foap.,




Of the Cocoa Tiee, and its Fruit, commonly called the Cocoa-nut.

| HAVE faid, that ftraws, reeds, and many other flalks of plants,
were formed of none other than perpendicular veflels, whereas the
ftems or bodies of all trees growing in our climate, at lealt as far as
I have ever underftood, are likewife provided with horizontal vel-
fels ; the ufe of fuch lalt mentioned veflels being, in my judgment,
to convey the nutritive juices to the exterior parts of the tree. Now
thefe horizontal veflels impart fuch firength and firmnefs to the tim-
ber or trunk, that the moft fpreading trees are emhled to refift the
violence of the wind.

But ftraws, reeds, and other ftalks which are deftitute of horizontal
vellels, require fome other means of fupport; for, if all the vellels,
from the earth up to the fummit of the ftalk, were difpofed only in
uninterrupted parallel lines, the ftalks would be {o weak and flexible,
that they could neither refift the wind, nor be able even to bear the
weight of their own fruit. Therefore, thele kinds of flalks, are
ftrengthened by a fortof joints or knots, at intervals, which prevent
the over much bending of the ftalk; and the joints are placed at
fuch diftances that the fpaces between each will allow the bending,
only fo much as to recover itfelf.

What has been faid of the joints in ftalks growing in thefe regions,
I confider as applicable to fome forts of trees in the Indies ;. and,
upon feeing fome of thofe Indian trees defcribed jin drawings, I im-
mediately concluded, that the Cocoa Tree was of the number,

After feveral endeavours to obtain a [pecimen of this tree, [ atlength
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procured from a certain fea captain, a piece of one, about a foot long,
and ten inches in diameter. The bark of this wood was found, but

. the wood itfelf fo decayed, that it crumbled into powder under the
fingers, excepting only a very Imall part. The capillary or hairy
parts which runlengthwife on the infide of the bark, were tolerably
found, but they feparated from each other, as eafily as if they had
never been firmly united, which made me {ufpeét, that, if there ever
had been any other parts to connect them, they were decayed.

I perceived that thefe capillary or hairy parts, grew out of
the bark, and that many of them were divided into two; andI alfo
perceived in each of thele capillaments many veflels. Among thefe
capillary parts were others, fome firm and folid, others in the na-
ture of vellels, but the greater part of them much decayed.

Thefe capillary parts, were covered by the external folid hark
which bark was, in fome few places, thicker than in other s, but, at
the knots or joints, the bark was remarkably thick and folid.

This bark, cut tranfverfely, I examined by the microfcope, and
found it chiefly to confilt of roundifh threads, about the thicknefs of
an hair, and thefe again compofed of oblong filaments, hollowed on
the infides. Many of thefe latter did not take a firaight, perpendi-
cular courfe, but turned inwards towards the body of the tree.
Farther, I oblerved, intermixed among them, a kind of fubftance,
confifting of roundilh globules, connected in a fort of regular
order.  Thefe parts, compofing the external fubftance of the
tree, were fo clofely united together, that it might be thought the

“tree had not any bark on it. From all thefe obfervations, 1 was led
to conclude, that this tree receives its gmwth and increafe from the
bark alone. And I perceived certain roundifh parts, which feem-
ed to iflue in a right line from the bark inwards, as if they were de-~

figned for no other ufe, than to convey the nutritive juices in that-
direction.
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M, however, we could be furnithed with a piece of this tree, cut
while alive and growing, our oblervations might be much mere ac-
curate. And, indeed, I was not without fufpicion that this piece of
wood had been cut from a dead tree, t!mugh cne of the feamen af-
{ured me, that the decay which [ have before mentioned, happened to
it on board the fhip.

In order to place before the reader’s eye the form of the joints
knots, or bands, whereby the body of the Cocoa-tree is {lrengthened,
and which as it were, furround it threughout with a fort of girdie, I
caufed a drawing to be made of this piece of wead, on a contracted
fcale; from which drawing wiil be feen, how firmly thoie trees,
which have no horizontal veffels, are firengthened by thefe kind of
bands, furrounding them in an oblique direction.

In Plate V 1. fig. 1, ABCDEFGHIKL M, reprefent this wootd
drawn fmaller than the natural fizee CM, CL, DL, EK, FK,
F I, indicate the pofition and courfe of the knots or bands, that is,
that they do not go in a ftraight line round the tree, but foinetimes
approach to, and {fometimes recede from, each other, which approach
and receding are fhown at K L. And, this oblique courfle of the knots,
bands, or cinétures, contributes more te the firength of the tree, than
if they encircled it in the form of hocps.

Bv cutting and examining this wood, in the manner I have de-
fcrlbed, I fully fatisfied myfelf in the particular wherein I wifhed to
be afcertained, namely, that the Cocoa Tree has no horizontal vef-
fels. And there is moreover a circuimftance to be noted in thefe
kinds of trees, that they have no branches except at the very tops,
and therefore, are not fo firongly aéted upen by the force of the
wind. Nor are the branches which they have, perennial, but they
every year fall oft, and are replaced by frefh branches, which grow
on the tree at the fame time with the fruit.

I alfo cut tran{verfely a piece of the wood, in a part w h:.r-:: it was
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found, in order to fhew, as accurately as poflible, the make and tex-
ture of this wood, when viewed by the microfcope.

Fig. ¢, OPQR, reprefents a very {mall particle of the Cocoa
wood, cut tranf{verfely, and magnified, wherein are to be feen fix of
the larger of the perpendicular velfels, two of which, furrounded
by a great number of fmaller vefiels, are to be feen at TT. Of
thefle larger and fmaller veflels, the capillary or hairy parts I have
mentioned, and which are very tough and firong, are compofed.
But thefe veflels do not all afcend in an exact perpendicular direc-
tion, but creep upwards in a kind of oblique courfe, one among ano-
ther, ‘by which pofition they contribute to the ftrength of the tree.
And when one of thefe vellels or threads divides itlelf, each divided
part, though it prefents the figure of a fmaller filament, is yet in
truth a perfect veflel. Thele fmaller veflels, intermixed with
the larger ones, I have caufed to be reprefented in the drawing.

Thefe larger veflels feem connected together by a kind of
veficles, which, I imagine, while the tree is alive and flourifhing,
are fi.led with fome kind of liguid. Thefe veficles are not difpofed
in any orderly or proportionate manner, but in fome places they
may be feen heaped together to the number of five and twenty, and
in other places, between two capillaments, will be found only a fingle
veficle.

Such of thefe capillaments as are next to the bark of the tree,
are exceeding fmall, in comparifon of thele nearer the middle;
and, to exhibit them to the reader, I cut oft a piece of the wood
next to the bark, and caufed it to be drawn from the microlcope,
which drawing is copied at fig. 3, ABCD. In this figure, AD is
an innermoft bark next the wood, being a very thin fkin, and the
capillaments next to it-are the fmalleft of all, whereas thofe more
inwards, grow larger and larger. But, though thefe innermoft cap«
pillaments are the largeft, they are fiill compofed of thefe e:quifitely
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thin and hollow filaments I have mentioned, the hollows or cavities
in which I have caufed to be reprefented by a fort of points or dots.
The black fhade in this figure, denotes minute veflels furrounding the
others, which by reafon of their exceeding fmallnefs could not be
reprefented in the drawing.

~ Thefe veficles, which I have mentioned to adhere to the capilla-
ments, as they appear, when cut by a ftraight feétion, are fhewn at
fig. 4, EFGH. In .thele veficles there appeared fome {inall parti-
cles, concerning which, however, I could not pronounce any thing
with certainty.

After T had made the preceding obfervations, I received from a
friend who obferved how defirous I was to invefiigate the nature of
the Cocoa wood, a piece of that wood which he had procured from
the ifland of Curagoa. This was {even inches in diameter, and about
four inches long : in the middle, it was compofed of the before men-
tioned larger capillary parts, but, on the outfide, and about an inch
from the furface, it was fo hard, that in attempting to {plitit, I broke
a fteel wedge in pieces, and I do not remember ever to have met
with fo hard a wood. :

Between the bark and the folid part of this wood, I faw fome
capillary parts creeping along, and which were of the fame nature
as thofe pictured in fig. 1, between G and N, and thefe capillaments,
I was informed, are made ufe of to be twilted into ropes and ca-
bles.

I obferved, that wherever the knots or bands in the bark ap-
proached each other, as at F K, there the capillaments grew out of
the bark : fometimes I obferved one or two branches rife out of one
of thefe capillaments, and thefe again fubdivide into {maller ones,
hollow within, and which capillaments I judged might in time unite.
and form vellels of the fize pictured in fig. 2,at T T.. And if {o, it
follows that the Cocoa tree receives the addition to its bulk from the-
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bark, contrary to what we fee in the trees of this country, the bark
of which receives its increale from the wood.

I alfo cut this wood from Curacoa tranfverfely, and examining it
by the microfcope, 1 found it to agree in all refpets with that repre-
fented in fig. 2, with this difference only, that where this wood was
harder than the former, there the capillaments were fmaller, and alfo
exceedingly tough.

But as the veficles in the former wood, which are reprefented
at fig. 4o EFGH, were in this latter much harder, and alfo
fimaller than the former, I cut fome of them by a firaight {elion, and
caufed a very Imali particle of them, when magnified, to be drawn
from the microfcope, which is to be feen in fig. 5, at. gLMag.
Thefe veficles, I perceived were of a more firm and folid texture,
than thofe in the other piece of wood, and they had in their centers
a black fpot, which was a fign that they had had a cavity in them :
fome of thefe veficles 1 cut in fuch thin {lices that they appeared
tran{parent.

While I was bufied in this part of my invefligation, [ happened to
cut one of the afcending veflels, which in fig. e, is denoted by T, but
which here is fhewn between 1K g2 N. And, though the fmaller
vellels furrounding it, could not, by reafon of their minutenefs, be
otherwile exprefled, than by firaight lines, yet this larger veflel
plainly appeared to be formed of a kind of annular parts, running
round each other in a fort of {piral form. And, though I had ob-
lerved this formation of the veilels in many other {orts of wood, yet
1 could not till now, venture to {ay, that thefe vellels were formed in
that manner, becaufe I had hitherto loft my time and labour in en-
deavouring to diffect them accurately, But now in this objeét,
where the velfel fpread or opened itfelf a little, at the place marked
N, I plainly faw the fpiral formation, which difcovery gave me great
pleafure,
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I proceeded fiill farther in the examination of this larger veliel,
and I found it to be compofed of, at leaft, five fmaller ones, which
were placed in regular order, befide each other, and each feverally
formed in the {piral manner I have mentioned. All thefle are {hewn
in fig. 6, OP, and in the fame figure, at P Q, is to be feen the part
which I before mentioned having feen, as defcribed in fig. 5, at N.

This circuitous figure of the veflels, may be exactly compared to a
brafs wire, twifted round a {mall rod, and the {ame kind of formation
I have frequently, as I have before mentioned, feen in other woods.
And even in a firaw I once obferved, by the microfcope, one of its
larger veflels to be formed, much in the fame manner as this I have
defcribed at O P.  And, when we confider the fubject, we cannot, in
my humble opinion, conceive any form fo fuitable for thofe veflels to
raife the juices upwards.

The fame gentleman from whom I received the laft mentioned
piece of Cocoa wood, {fent me alfo two Cocca nuts, inclofed in their
feveral fhells or coverings. From one of thefe I cut {o much of the
outer covering, as to exhibit the inner fhell to view ; and 1 caufed a
drawing to be made of both, on a contracted {cale, which is to be
feen at fig. 7, ABC D. The diameter of this external cafe or cover-
ing was nearly five inches and three quarters, meafured by the fcale
B D, which is five inches long.

This external hufk or fheil [o firmly adhered to the inner one,
being connected to it by multitudes of veflels, that I found it a
work of confiderable labour, to tear it off. The inner fhell was
four inches in diameter, and, having cleared it from all the vellels ad-
hering toit, I repiaced it in the half of the cafe or hulk, as is to be
feen in the drawing.

I have often been told, that the filaments of which this external
hufk or bark confifts, are of fuch a length that they are twiited into
cables, and alfo woveinto fail-cloth. 1 proceeded, therefore, to exa-
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-mine the texture of this hufk or bark, when I found, that not a tenth

part of it confifted of thofe filaments, but that, from them proceeded
a certain {ubftance, like a colleétion of veficles, which veficles, while
the fruit was living on the tree, had been filled with juices, in like
manner as thofe parts which, collected in great numbers, from the
fubftance of the pear called the Sugar pear, do proceed from the
veins or veflels in that pear.

To convey a true idea of the formation of this external coat,
hufk, or covering, of the Cocoa-nut, I caufed a drawing to be
made from the microfcope of a very finall piece of it, as is to be.
feen in fig. 8, MNOPQ. Here, NP Q denote the capillaments,
which may more properly be called veffels; they are each inclofed
in a larger one, which larger one is compofed of numbers of minute
vellels. '

It is well known, that all fruits, and even the fmalleft leaves, are
covered with a fkin, which, that it may prevent the exhalation of the
juices, is of a very clofe texture. This external coat or hufk of the
‘Cocoa-nut has that kind of fkin, which, as it appears through the
microfeope, is exhibited in fig. 9, ABCDE FGH, where are thewn
as exactly as may be, the veflels rumning along this {kin, and con-
mnected with the internal part of the hufk, as for example, as BDE,
AE, and HG. A branch proceeding from the veflel B E, is repre=
{ented at C D.

In the fhell of the nut, pi¢tured at fig. 7, there are three parts
fomewhat refembling eves, two of which point towards each
other, the third contains the young plant, which, when the kernel
begins to vegetate, fhoots out through that cavity. And this young
plant in its vegetation receives nourifhment from the kernel, through
thefe perforations I have called eyes, until it is able to draw its nou-
rithment from the earth, and this, without there being a neceflity
for the fhell of the nut to break or open. The vegetation of the
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chefnut is perfermed in the {ame way, contrary to what is obferved
in the {eeds of nuts, plumbs, and the like, the fhells of which, as the
vegetation of the kernel advances, divide and open themlelves.

‘Moreover, 1 cut off feveral pieces from the hard fhell of the Cocoa®
nut, fome of them longitudinally, fome tranfverfely, in order to fhew
the texture of it, as feen by the micro{lcope, This is reprefented at
fg. 10, IKLMN, in the inner part of which is a vein or veflel di-
viding itfelf into many finaller cnes.

I next proceeded to examine a thin membrane or fkin, which
lines the infide of this hard fhell. An incredible number of veflels
avhich may be feen by the naked eye, are difperfed through this
membrane ; the hard thell is of a dark colour, verging towards a
black, and the membrane of a faint afh colour. I have often placed
pieces of this membrane before the microfcope, and could not,
without admiration, behold the almoft incredible number of fmall ob-
long parts therein, which were heaped one on another, in fuch vari-
ous manners that I could not conjeture for what ufe they were de-
figned ; but they all confilted of fpiral parts, fuch as are deferibed in
jg.6, at OP. Thele parts were fo exquifitely flender, that upon
comparing them with a vein taken from the breaft of a flea, which I
had ftanding before a microfcope, I found that the vein (which was
alfo of a fpiral form) was about four times as large as thele compo-
nent parts of the membrane, and I could not fuiliciently wonder at
the multitude of thole fpiral parts,

I have alfo often placed before the microfcope, thole capillaments
which in breaking the fhell I found adhering to it by one of their ex-
tremities, merely for the pleafure of contemplating the object; for, a
capillament no larger than an hair, would be feen to coniift of twenty
filaments, the fmalleft of which I judged to be lefs than the thread
fpun by the filk worm. So that, if we would compute the whole
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number of thefe filaments in a fingle nut, we muft not reckon them:
by thoufands, but by hundreds of thoufands.

That which is the kernel of this nut, and is commonly called the
Cocoa-nut,is a very white fubfiance, about half an inch thick, clofely
joined to the whole interior part of the fhell ; the remainder of the
cavity contains a watery juice, which is what I never obferved
in any other feed, when come to maturity. For nuts and chefnuts
are entirely compofed of folid parts, which we call the kernel,
though before they come to maturity the matter inclofed in them
is no more than a watery and {limy {ubftance.

Upon this head, I realoned with myfelf; that before the inward
fubftance of the Cocoa-nut is full grown and ripe, the fhell becomes
harder than thofe of any fruit known in the northern climates; and
I concluded that when the fhell is grown perfectly hard, it cannot be
afterwards increafed in fize, nor can the kernel it contains receive
any addition to its fubftance: and therefore, that part of the nu--
tritive juice which is of a watery nature, and cannot be converted
into kernel, muft remain in the center of the nut.

I afterwards fell into converfation with two mafters of fhips, who
had vifited both the Ealt and Weft Indies, and had been often em-
ploved in collecting Cocoa-nuts. They informed me, that when the -
{hells of the nuts were {o foft that they could be cut with a knife,
there was nothing to be found in them except a lymph, or thin liquor,.
- of a very pleafant tafte, which information confirmed me in the
opinion I have before related.

At another time, upon a different inveftigation of the Cocoa-nut,
[ prefled from the pulp or white fubfiance of it, fuch a quantity of oil
as fixed me in aftonifhment.

After this, upon opening a Cocoa-nut which I had kept for the
{pace of feven months in my cabinet, I obferved thofe three foft:
places in the fhell which are called eyes. and from one of which the-
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young plant fhoots forth, to be covered, and, as it were, fealed up,
with a {ubftance like rofin or pitch.

To give a more perfect idea of the nature of the Cocoa-nut or
kernel, after I had bored the fhell near the place where thole
parts I have likened to eyes are fituated, and poured out the juice
contained in the cavity, I broke away the fhell fo far as was {uflici-
ent to fhew the infide of the nut, that it might be expreffed in a
drawing. :

Fig. 11, OP Q R, reprefents the Cocoa-nut or kernel as it appears,
inclofed in the fhell, which fhell is denoted by PQR. At P R, are
fome of thofe capillaments, which in great numbers, are found
united to the fhell, and, as they are in fact, no other than vellels
deflined to convey the nutritive juices, they penetrate into the inte-
rior part of the {hell, and there impart nourilhment to the fruit.
IFarther, many very fimall veflels take their courfe through the
hard fhell, and thefe, as I found by the microfcope, were compofed
of other veflels incredibly flender, the fmalleft of which were of
the {piral formation defcribed in fig. 6, O P.

STV, denote the nut itfelf, properly fo called. WXY is a
-<cavity within it, which contains the fap or juice I have mentioned,
avhich is very pleafant to the tafte, and of a nourilhing quality. A
drop of this juice 1 put into a very clean glafs, in order, when
the watery parts of it were exhaled, to examine the remainder, and
therein I did not find any faline particles, but it had the appearance
of a fyrup, which did not evaporate, being more of a fixed nature.

This kernel is connected with the hard {hell by infinite numbers
of veflels, and gn the fide next the {hell is alfo covered with a thin
Tkin, through which muititudes of veflels take their courle ; they
are of the fame {piral figure as before mentioned, and lye clofe to-
gether, apnd they are not much thicker than the hair of a man’s
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beard. WWhence it appears that the kernel is formed and nourifhed
from thefe very {lender veflels.

Upon examining this nut or kernel by the microfcope, I found that
its fubltance is not, like other feeds, inclofed in {mall membranes,
but confifts of multitudes of minute tubes, which take their rife
trom the hard fhell, and reach to the cavity, within the kernel, where
the juice I have mentioned is colle¢ted. They are not all of an equal
fize, nor are they of a round figure, but rather of fix fides, which
fhape is well adapted to permit their lying clofe together and in
regular order. Some of thefe are turgid with a certain fubftance,
which in part evaporates; others of them contain globules which I
judged to be chiefly filled with an oil.

Thefe fmall tubes, which in fie. 11 are tobe feen at W, I cut tranf-
verlely, and caufed a drawing to be made of a very {mall portion, as
viewed by the microfcope, which in fig. 12 is exprelled by A BCD :
the fmall points, or dots in this figure, denote fome very fmall parti-
cles, which I ebferved in thefe tubes.

Moreover, I caufed a drawing to be made of that part of the nut
or kernel, where 1 judged the young plant to be fituated, in the
fhape it exhibits when feen by the eye alone, without the microfcope:
This occupies but a very fmall part of the kernel, and is fituated in a
part where its {ubftance is thinneft. A drawing of this, of the na-
tural fize, is tobe feen at fie. 13, ABCDEF, and HEG is the part
which in my judgment contains the entire young plant.

From this part I cut fome very thin {lices at that end of it which
m fig. 13 is nearelt to the letter E. For [ was defirous to examine
whether any thing would there be found bearing any fimilitude or
refemblance in figure to the future fiem of the tree. Some of thele
{lices I placed before the microfcope, and caufed a very {mall portion
thereof to be drawn, that it might not take up too much {pace in
the paper, This is reprefented in fig. 14, at EFGHI In this
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figure IEF denote the {kin or covering, inclofing what I take to be
the plant. The remainder of the figure reprelents alcending veflels,
and which, as faras I could difcover, were filled with ancil. Thole
parts which appear like larger veflels, and are indicated by K K K,
were fhining and tranf{parent, and were compofed of other veflels, fo
imall as to exceed all belief.

Upon cutting this part marked HEG, not far from the end, next
H, I was aftonifhed to find that this was not, wholly, the young plant,
but chiefly its cafe or inclofure, the young plant itfelf, which was
contained in it, being not much larger than a grain of fand. One
of the pieces thus cut oft' I placed before the miciofcope, and deli-
vered it to the limner, direéting him to make a drawing of the ob-
je¢t which prefented itlelf to him, as nearly as it was poflible for his
art to imitate it, This {lice, which had been cut lengthwile, thus
depicted, is fhewn at fig. 15, IKLM.

I took great pains to examine many Cocoa-nuts before I could be
certain that whatin fig. 15, is marked 1K M, was reall:.r that part of the
young plant which would penetrate downwards into the earth, and
become the root, and that what is defcribed at KL M was that part
which would grow upwards ito a tree; but 1 am now fatisfied
that this is the cafe, and that the parts laft mentioned are the leaves,
which in this young plant are already formed.

I many times endeavoured to feparate thefe young plants from the
integuments inclofing them, but always in vain; becaufe that part
which in fig. 15 is denoted by 1K M, firmly adhered to thole inte-
guments. All I could do therefore, was, to cut the young plants in
pieces by a longitudinal {ection ; in doing which, however, it often
happened, that the object prefented three or four thapes to the view,
by reafon that I had fometimes cut the plant direétiy through the
middie, and fometimes on one or the other fide. To fet this aifo be-
fore the reader, I have given two drawings of the pieces fo cut,
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.omitting  only the integuments or circumjacent parts mclcﬁng
them.

The firlt is, of a plant which I had, as I believe, cut exactly
through the middle, and it is fhewn at fig. 16, NOF Q. Here, NOQ,
is the part which would become the root, and OPQ, that which
would grow upwards into a tree. And, in this young plant, are
plainly to be feen the leaves with which it is naturally furnifhed.

The other, is of a plant which I judged, had not been cut through
the middle ; for which reafon it did not appear fo large as the for-
mer, nor were the leaves equally confpicuous. This is exhibited at
Jfa.o17, RSTABZ. The place of the future root in this plant is
marked by R SZ, and that of the ftem by SABZ.

Although 1 frequently repeated thefe experiments, it was only
twice that I could obferve the upper part or future ftem of the plant,
in drying, feparate itfelf from the circumjacent parts. This fepara-
tion T have caufed to be expreiled in the fame fg. 17, at SABZ, and
at T Y,

1 have generally obferved, that the young plant, in that part
which, in /g. 13, is noted by EHG, occupied not more than one half
of the fpace there reprefented, and lay near the part marked H.
But, atone time, I {aw the young plant occupy only a third part of
the fpace ; whence it follows, that fuch fpace or cavity was nine times
as large as the plant it contained.

Farther, I twice obferved the young plant to lie, not premfelv in
the middle, but rather on one fide of the before mentioned cavity,
wience I concluded, that it had begun to vegetate while in that part,
for I faw that the circumjacent parts had in that place begun to fe-
parate from each other, fo that, had the vegetation continued, the
plant would have found its way out of the fhell. This feparation of
the parts is reprefented in fg. 17, at AW B.

Moreover, I thonght it right to give fome reprefentation of thofe
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extended parts which furround the upper part of the young plant, or,
more properly {peaking, the whole of that plant.

Let us {uppole then, that I have cut off’ a finall flice of that part
which in fg. 15 is pitured between G and H, and, thatin fg. 17, a
fmall part of the circumference of this flice, and of the fkin inclofing
it, are defcribed at VWX. By T, and by VW X Y, that {ubftance
is exprefled, in which the young plant, or rather the upper part of
it, is as it were, inclofed and wrapped up. The parts of this {ub-
ftance, exhibit the appearance of {mall vellels, which lie difpofed in
fuch firaight lines, that they naturally feem defigned to convey nou-
rilhment to the plant. But, in the part pi¢tured at H, in fg. 13, and
where there will be found a kind of {welling, thefle veffels are
firetched out to fuch a degree of finenels, that none of the parts with-
in them can be diftinguifhed without the greateft attention.

As the kernels of Almonds, Walnuts, Peaches, and Plumbs,.
which are inclofed in fhells, are denominated the feeds of their re-
fpelive trees, fo the Cocoa-nut, or fruit of the Cocoa tree, ought to
be reckoned among the feeds of trees. In the feeds, however, of the
trees I have firft mentioned, whole fhells are all formed with a {eam
or joining, thofe fhells, when the vegetation proceeds, and the ker-
nel fwells, open at the feam, and the young plant in the kernel, hav-
ing more {pace aflorded it, can expand in its growth, and ftrike its
root into the earth. But the fhell of the Cocoa-nat has notany fean
or joining, being of an equal ftrength and thicknefs throughout,
therefore its vegetation muft be provided for in a different man-
ner; and this I conclude to be as follows. The moifture in the
Cocoa-nut being inclofed and confined on every fide, when it begins
to be agitated by that iuteftine motion, produced by heat, muft ne-
ceflarily expand itfelf with great violence, and, by that expanfion,
the part which contains in it the young plant, is by degrees, as the
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plant increales in fize, driven- out of the fhell through the aperture
before noted.

Thofe, who have lived many years in India, affirm, that there is
no tree fo beneficial, or which produces fo many conveniences to
mankind, as the Cocoa; and that it is converted to upwards of
fixty different ufes by man, The nut not only fupplies him with
food and drink, but from the nut is alfo extradled a liquor not much
unlike the fpirit diftilled from barley, and from the fame nut vinegar
is made. The tree itfelf furnilhes mafis for fmaller veflels, and the
capillaments or filaments which furround the nut are partly wove
into fail-cloth, and partly twifted into cables, which are ufed even for
large fhips. If the trunk of the tree be pierced with a finall inci-
fion, there will flow from the wound, every day, a quart of excellent
liquor, and this operation may be performed twice in the year ; the
trees, however, which are thus treated, are deprived of their fertility
for that year.

If we compare the fize of the Cocoa-nut, with the very fmall plant
it contains, we may fafely fay, that the nut is above one hundred
thoufand times larger than the plant, and we may thence conclude
that this nut, and the pleafant liquor it contains, are deftined by na-
ture, or which is the fame, by Providence, for the ufe of man..and to
fupply many of his wants.
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Ox HOPS.

OF the Hops which grow in the Low Countries, thole from Liege
are preferred to ours here in Holland, and, I doubt not, with reafon.
becaufe the territory of Liege is one degree and an half more to the
fouthward than Holland, confequently the Hops will fooner come to
maturity there; befides, in the lands about Liege the {oil is deeper
than ours. The following are the obfervations I have made upon
this plant.

I examined by the microfcope, thofe leaves of the Hop, which
compofe the pod, or cale, containing the {eed ; which leaves, being
remarkably thin, afforded me a very pleafant object to behold, the
veins or veflels fcattering themfelves in all direétions about the
leaves, and, in fome places, uniting again. Some of thefe veflels, I
perceived to be filled with a red {ubftance, others were of a {piral
figure, refembling thofe veins which I have obferved in the leaves of
tea.

Many of thefe leaves, I obferved to have a finall feed adhering to
them, at that part, where the footftalk of the leaf had been joined.
And, indeed, I think, that thefe fmall leaves thus bearing the feed,
are {o formed, that each fhall produce one feed, but, it is my opinion,
that the feeds, when the leaves do not grow to perfeét maturity.
cannot ripen.

Many of the feeds I diffected, and found nothing in them, except
the young plant, which was chiefly compofed of the part that would
in time become the reot. There were, however, two leaves formed
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in the plant, but nothing elfe remarkable, except an immen{e number
of [mail vellels or veins, dilperfed throughout the beginning root.

All thele feed pods or leaves, chiefly in that part through which
they had received their growth and increafe, were covered with ex-
ceeding minute globules, glittering with a beautiful yellow, like gold.
As far asmy eye was able to judge, thele globules were in diameter
about equal to the thicknefs of an hair of one’s beard, but fome of
them not fo large. I do not confider them to be the fruit of the
Hop, but, fome matter or fubftance, illuing from the plant, fuch,
for example, as if it was turgid with a fuperabundant quantity of
Juices, or, that the heat of the fun might fome days be remarkably in-
tenfe, and that by the very great quantity of juices, or their extraor-
dinary expanfion, they had burft through the vellels. Many of them
I broke, and I did not think that they were covered with any fhell or
coat, farther than that their external furface being hardened in dry-
ing, exhibited fomething of that appearance. They contained only
a limpid oil, of a glittering yellow, and alfo other globules, much
{maller, but more {olid, and which with the oil, filled up the cavity
of thofe firft mentioned globules.

This appearance of globules, on the furface of the leaves, I think
very fimilar to what I obferved fome years ago, at a houfe where 1
was upon a vifit; the back part of which houfe, was covered with a
vine, facing the fouthern fun. The young fhoots of this vine, I ob-
ferved to be, in many places, covered with tranfparent globules, and
I judged them to have arifen from the fuperabundant juices, which,
by the heat of the fun, had been brought forth in fuch plenty, that
there was not a pallage for them through the narrow vellels of the
branches, fo that they might be abforbed by the grapes. And the
warmth on this vine feemed to me, to be farther augmented from
this circumftance, that the ground which covered the root, was very
curionlly paved with fmail different-coloured pebbles, without an
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herb or blade of grafs appearing between them. And the juice, thus
expelled from the branches, was infpiflated or thickened on their fur-
faces into globules.

Upon examining the globules on the Hops by the microfcope, I
found, that the part which might be called their coat o1 fhell, was not
fmooth, but rough, and in wrinkles, occafioned, as I concluded, by
this, that the juice which iffued from the plant, and formed itfelf into
globules, had, in part evaporated, whereby the outer {urface or ikin
of thofe globules, contracted into wrinkles.

Thefe yellow globules, when broken, and put into a clean glafs, 1
fuffered to ftand in the glafs for fome days, and then applied myfeit
to examine theoil. I found that great part of this oil, had collected
itlelf into thin oblong particles, and, in fuch numbers, that I could not
but filently wonder at the fight. Where this oily fubftance lay much
difperfed, there, the oblong particles I have mentioned, did not ex-
ceed in length the diameter of a very fine thread of wool, but, where
the oil was colleéted in larger quantities, they were four times that
fize. In fome places, I obferved oblong particles, with twelve points,
iffuing, as it were, from a center, with one of their ends terminating
in a point, the others, blunt or obtufe.

Now, we may lay it down for a certain truth, that thofe pellucid
aind oblong particles, which I have mentioned to be intermixed with
the cil, although, by their minutenefs, they efcape our fight, are
really a fpecies of falts, and that the bitternefs which Hops impart to
beer, is produced by thofe falts. And we may alfo be aflured, that
thefe minute falts, although they may be a thoufand times lefs than
what can be feen by the microfeope, do yet, agree in fhape and
figure, with the larger falts of the fame {pecies compounded of them,
in like manner as we obferve in coinmon falt, in nitre, or falt petre,
and in many other falts. The fame may be obierved, in that kind of
fugar called fugar-candy ; for, upon this becoming damp, en being
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expoled to a moift atmofphere, when it afterwards dried, T have heard
women complain of its having loft its bright colour. Upon examin-
ing into the reafon of this, I found, that the {urface had been in part
diflolved by the moift air, and w hen, in drying by the fire, it again
became hard, an incredible multitude of {mall particles, very many
of which agreed in fhape with the larger parts, had colle¢ted upon
the furface, and this colle@ion of minute particles, clouded the bright-
nefs of the fugar-candy.

But, to return to the falts in Hops ; how will thofe philofophers get
over the difficulty, who obftinately contend, that bitternefs is caufed
by a fort of minute hocks inthe falts, which by their punctures pro-
duce that taile we call bitternefs ?

I have often laid a fingle leaf of the Hop, fuch as I have defcribed
it, upon my tongue, and held it there the {pace of halfa minute ; for
I was defirous to try the experiment, whether fuch a fingle leaf,
which is frequently covered with the yellow globules I have defcribed,
could excite a fenfe of bitternefs. And, it is not without wonder, I
declare, that fuch a fingle leaf, upon being firongly comprefled be-
tween the tongue aml the palate, {pread all over my tongue a very
bitter tafte, and indeed, much ftronger than 1 expeéted. '

Not content with thefe ohfewatmns, placed a parcel of thefe oily
olobules, fome of them pounded or bruifed, fome of them entire, in
two feparate glafles, and, with all the attention I was able, I examined
them by the microfeope, but I did not find any particular kind of
particles in them.

I then placed the glaffes in my cabinet, and, that no kind of filth
or dirt might become mixed with the oil, I covered them with paper.
After twenty-four hours had elapfed, I examined them very atten-
tively, and, in fome few places, I perceived fome of thofe oblong par-
ticles I have before mentioned, which were very {imall and thin, and
after twenty-four hours longer time, a much larger portion of fuch




{ 21t J

falts was difcoverable. Thefe obfervations were in the winter, when
the weather was not favourable for fuch enquiries; but, had they
been made in a milder feafon of the year, I doubt not, that the falts
would have been formed more {peedily, and in greater plenty.

[ think it might be worth while, in the fummer-time, to examine
the flowers and blofloms of various trees, particularly thofe, of which
hees appear the fondeft, by which examination it might perhaps be
dilcovered, what kind of fubftance, if any, and of what qualities or
properties, iflues from fuch flowers, and adheres to their furfaces.

At one time, in the month of Ociober, I was informed by a Hop
Factor, that the Hops in that ycar, were of an excellent quality,
whereupon I procured fome of the feed pods, of that year’s growth.
Upon examination, I found each of thele feed pods to centain thirty
or even forty feeds. When 1 had firipped the feeds of the {mall
leaves or integuments furrounding them, I obferved, that the young
plants within them contained, in proportion to their fize, abundance
of oil. I farther noted, what I have already mentioned, that each
young plant had two leaves, and thele in proportion to the minute-
nefs of the plant, were remarkably long. Thefe leaves lay in each
feed compacted and twined together, much like the [piral folds in the
fhell of a fnail ; and, when I laid open the folds, I faw within them,
ftill more leaves, but exceflively minute, and which indeed, I could
not difcover in all the feeds. From hence it appears, that the feeds
of the Hop differ from moft of the larger fort of leeds, and do not
contain in them any f{ubftance to nourifh the young plant, which
plant therefore is more perfeétly formed than that in the larger feed
of the Cheflnut.

As to thofe beautiful globules which I have before mentioned to
have obferved, thofe, in this fpecimen of the Hop, were dried, and
rather {hrivelled. Having broken them, 1 put them into a glafs, and
breathed on them with Iy warm breath two or three times, where-
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upon the oil diflolved into a wonderfully fluid fubftance. The glafs -
1 then placed, where no duft could reach it, and, upon examining it the
next day, I faw fuch a multitude of falts of different magnitudes dif-
perfed about the oil, as it would almoft exceed belief to relate. Mot
of thefe falts were pointed at each end, but many of them were {o
minute, that their figure could not be known or judged of, but by re-
ference to the larger ones adjoining to them. In fome of my obfer-
vations on this oil, I found the falts to appear in it, at the expiration
of only half an hour after it had been put into the glafs, and they
mcreafed in number and fize every hour, the fimaller growing larger,
and the oily liquor evaporating; and I found that this fpecimen of
the Hop plant, contained twice as many falts as were in the former .
one.

I oblerved one thing which feemed firange to me, namely, that
many of thofe oblong falts which I had faid were pointed at both
ends, did not extend in a firaight line, but were fomewhat bent or
doubled together; but, whether thefe falts fo bent into a bow-like
figure, do, for that realon, excite the motion or fenfation in our

tongues, which we denominate bitter, I leave to be examined by
athers.
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O COCHINEAL.

Wi-IEN [ firlt applied myfelf to inveftigate the nature of Cochi-
neal, I concurred in the general opinion which then prevailed, that
it was the fruit of fome tree; and, having at the requeft of the
Honourable Mr. Boyle, further profecuted the examination, each
fingle piece, or fruit, as I then thought it, appeared to contain one
hundred or upwards of what feemed to me to be very fmall feeds,
fhaped like eggs, each inclofed in its particular membrane ; thefe
objeéts, however, 1 could not bring into view, until the Cochineal
had lain in water for {fome hours, and then, the outer {kin being taken
off, thefe apparent feeds, which were very foft, prefented them-
felves ; many of which were inclofed in the membranes I have
mentioned, which feemed to be their natural coats or coverings, and
were twice as large as the feeds themfelves : the membranes were
filled with a watery fubftance, of a lovely red, but the feeds were of
a dark red or tawny colour. The feeds themlelves, upon being dil-
fected, appeared to confift of nothing but very minute globules of a
red colour.

The remainder of the Cochineal, or that part of it which inclofed
all thele feeds, was compofed of very thin membranes, which were alfo
of a red colour, except that a very fmall quantity was to be feen, of a
certain colourlefs fubftance, which, to me, had the appearance of an oil.
And to give an idea cf the general appearance of the figure of Cochi-
neal, I know not any manner of exprefling it, better than by compa-
rilon, with a parcel of dried black currants, with their {kins and feeds,
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regard being neverthelels had to the different fizes of the currants,
and the Cochineal. Laftly, when I divided the membranes or feeds
of which Cochineal appeared to confift, into as thin portions or par-
ticles as I was able, thofe thin particles, did not, as I may {ay, exhi-
bit any particular colour.

The preceding obflervations I communicated by letter to Mr.
Boyle, from whom I received an anfwer, to the following effeét:
that he had underfiood from a Governor of Jamaica, that Cochineal
was produced from the fruit of the fig-tree, when in a ftate of decay,
at which time, there proceeded from thence, certain maggots or au-
relias, which changed into flies ; that thefe flies fettling on the trees
were there Killed by making fires under the trees, the {moke of
which caufed them to fall down; after which, they were firipped of
their heads, the fore parts of their bodies, and their wings, and the
remainder prelerved for ufe, fo that Cochineal was properly, and in
truth, the hinder part, or tail of a fly, and confequently, that my ob-
fervations were fo far corre¢t, that the {fubftances I had feen were
really eggs, fuch as are found in the hinder part of the filk-worm’s
moth.

To this [ replied, that, in my preceding obfervations, it was im-
poliible for me to judge, that Cochineal was an animal {ubftance,
becaufe there was nothing to be feen in it, that refembled an animal-
cule, and that I had concluded, if it had been an animal, it would
-have been devoured by thofe minute animalcules, called mites; and
I added, that in confequence of the information communicated by the
‘Hon. Mr. Boyle, in his letter, I had repeated my obfervations, the
refult of which as I communicated them to him, is as follows.

On this renewed inveftigation of the {ubject, I was fully convinced,
that every fingle grain of Cochineal, was part of an animalcule, from
“which, not only the head, the fore part of the body, and the wings,
had been broken off, but that allo the legs, and that part of the body
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to which the legs are joined, had been thrown away, fo that nothing
was left, except the animal’s hinder part; and I imagined, that
the colourlels fubftance I before mentioned, and which is to be oh-
- ferved in the chinks or creales in every grain, 1s fome preparation,
applied to the Cochineal, when it is coiletted for fale, to defend it
from the mites, which otherwile would deftroy or devour it.

Thele creales orrings, in every grain of Cochineal, I imagine are,
the articulations or joints, in thole kinds of maggots or caterpiliars,
which afterwards change into a flying infe¢t: And I did not doubt,
that, at the proper feafon, when a fimilar kind of infeéts could be
found in this country, I fthould eftablifh that fact, allowing only for
the difference in fhape and colour between them, and thofe whicly
eonltitute Cochineal.

After this, I examined a large parcel of Cochineal, and in it I
found feveral of the fhells or coverings of the wings, which fhells
were of a black colour, with each a red {pot in the middle. Many
mfeéts are provided with thefe kinds of thields, fhells, or cafes, to de-~
fend their wings and the hinder parts of their bodies, which are
very {oft, from injury; and, when they prepare to take their flight,
they erect thele fhields or cafes upright, and {pread their wings.

In this parcel of Cochineal, I alfo found among the grains, fome
fragments of aurelias, which T concluded had been formed from the
maggots or caterpillars of this fpecies, and, in one of them was a piece
of a maggot, which, in part, feemed to have been devoured by mites.

The children in this country, are accuftomed, in the {pring time,
{ when the white nettles, or, as thev are commeonly called, the blind
nettles, are in bloffom) to go in fearch of a Ipecies of fmall flving
infects, called by them lady-birds, which, for the moft part, are to be
found on thofe nettles. The fubjeé now before me, caufed me to
turn my thoughts on thele infects (though they are {maller than
#' fe whofe bodies conftitute Cochineal) and I employed fome chil-
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dren, at the proper feafon, to collect fome of them for me; judging
that, when firipped of their wings with the cafes, and their heads and
feet, the remainder would be found to relemble Cochineal.

Thefe lady-birds, as they are called, I killed with the fmoke of
fulphur, and afterwards dried them ; and when 1 had taken off the
red [hells or cales which cover the hind parts of their bodies, I found
under them two red wings, the extremities of which were folded to-
gether, becaufe, being longer than the cafes, they cannot otherwife
be covered by them. [ alfo fook off their wings, feet. and heads,
and then I found, that the cavity which is feen on every grain of
Cochineal, is on the back or upper fide of the animalcule, and is
caufed by the drying; that part of the grain which appears with a
kind of rifing, is the lower part or belly.  As to thofe grains in Co=
chineal, which have fimaller cavities than others, I conclude, that they
muft have been the female infeéts, whofe bodies, being filled with
eggs, do not admit of their contracting in {fo great a degree; and
though the hind parts of the bodies of thofe infe¢ts which compofe
Cochineal, do fomewhat differ from thofe of the lady-birds, yet, I
was now, more than ever, aflured, that, not only the infect which
produces the Cochineal, but alfo- thofe others I have juft mentioned,
are formed from maggots or caterpillars. For, if we confider the
nature of all thole flying animals which are bred from caterpillars,
maggots, or, what are called gentles, we fhall find, that all thofe
annular parts, articulations, or circular creafes, which are in the
caterpillars, maggots, and gentles, are alfo found in the flying in-
fects bred from them ; and in the {ame number. To inftance in the
gentle, from which the common ﬂj,- is bred; if we examine the fly,
and confider its head to be compofed of one of the annular parts, or
articulations in the gentle, we fhall find that the breaft to which are
Joined the fix feet, contains three difiinct ardculations, and the hind
part of the body five mote. In a word, the body of the fly is divided
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into nine feveral parts, joints, or articulations, and fo many alfo are
found in the gentle. This gives the reafon, why we muft not fup-
pole, that the rings or creales which we fee on the grains of Cochi-
neal, are accidentally produced in the drying, for they were com-
pleatly formed in the maggot, from whence the flying infe¢t iffued,
the hinder part of whole body conftitutes that fubltance named
Cochineal ; of which, if we examine the grains, we fhall find them
to contain ten articulations; and the fore part of the infeét’s body,
which includes the head and feet, and the wings with their cafes,
being compofed of four joints or rings, it foilows, that the Cochineal
infeét is formed of fourteen juints, rings, or articulations.

After I had left the grains of Cochineal in water, for the fpace of
twenty-four hours or upwards. 1 oblerved, that the cavity, which
had been caufed in them by the drying, was fwelled and extended
to its original thape, fo that the grains appeared exaétly to agree, in
form and make, with the hinder parts of thole infects, whofe wings
and bodies are covered with fhells or cafes.

-
T

wE}-u{&’r %;Eyﬁ +ar
=

i w

e R SRR — . e P e ey R R S L M T o




T i i

B

An account of fome pieces of Amber prefented lo the Author ; alfo of a
JSubflance refembling burnt paper, reported to have fallen out of the
clouds tn Courland.

A Praffian Gentleman, by profeffion a phyfician, on a certain time,
earneftly requefted me, by letter, to receive a vifit from him, and,
with the fame letter, tranimitted to me, fome {mall pieces of Amber,
which, he {aid, were fent as a prefent to me, from fome perfons of
note in Pruffia.

In thefe pieces of Amber were feveral {fmall animals, namely, a
Fly, a Gnat, a Spider, and an Ant. In the two firft of thefe crea-
tures, I not only plainly faw the wings, but, by the microfcope I
could difcover the feathers and hairs on them, and alfo thofe protu-
berances or appearances like coral beads, of which the eyes of thofe
infects are compofed ; I alfo faw the hairs, and nails or claws on all
of them, as plainly as if they had been placed before the microfcope,
without any intervening medium. In one of thefe pieces of Amber, I
{aw a little piece of ftraw, in which I could diftinguifh the tubes or
vellels of which ftraw is compofed.

The manner how thele animalcules became inclofed in the Am-
ber, and the nature and compofition of Amber, are equally unknown
to me ; and I cannot {ublcribe to the theories or opinions of others,
which do not {feem fufficiently fupported, nor am I at prefent parti-
cularly called upon, to make any farther enquiry into this matter.

The fame Gentleman, among other {ubjects of converfation, told
me, that in Courland, there had been found in a field, fomething re-
fembling burnt paper, being as much as two or three fheets in quan-
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tity, which it was reported had fallen from the clouds; that he lLad
procured a piece of it, which he had examined by the microfcepe,
but could not form any fatisfactory judgment refpecting it. And,
finding me defirous of leeing this pretended paper, he afterwards
fent me a piece of it.

I had not had this fuppofed paper in my pofleffion half an hour,
before I obtained, by the help of the microfcope, fo much infight into
its nature, that I judged it to be a vegetable produttion, of a fort
which grows in the water ; and I concluded, that if the fat was, as
reported, that it had fallen from the upper region of the air, it
had been carried up thither by what is called a water {pout ; though
I am much more inclined to believe, that by fome heavy ftorm of
rain, or the melting of fnow, (if the country is mountainous) the
ponds or ditches might have overflowed, and carried with their cur-
rent this vegetable production while green, leaving it on fome field of
grafs or arable land, and there, by the fun and wind, it might be very
much dried, fo as, in fome meafure, to refembie burnt paper: more-
over, [ was well afllured, that I had feen this kind of {ubltance in con-
fiderable quantities in ponds, ditches, or canals, in this country ; my
only difficulty was, to difcover, how it acquired the black or appa-
rently burnt colour before mentioned.

To fatisfy mylelf in this refpect, I went to fome flagnating pieces
of water in the neighbourhood of this town, where [ had feen this
vegetable, which is an aquatic plant or weed, in great abundance,
fome of it I brought home with me, and ijjrea(ling it open between
pieces of thick paper, I laid it before the fire to dry. [ then perceived
that where many pieces lay heaped one on another, their natural
green was changed to a blackifh caft ; but, where the picces lay fingly,
they preferved their green colour.

After this, I examined the before mentioned imaginary paper more
accurately, and I faw very diftinctly, that it was exactly of the {ame
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make and texture, with the pieces of green plant or weed I had ga-
thered ; and, upon examining this lalt, when in the {ame fiate as I
took it out of the water, I faw by a common magnifier, what {eemed
to me like very thin threads in it, much finer than hairs ; they were
round, and their membranes$ or coats very tran{parent, and they were
filled with great numbers of green globules, of different fizes, the
moft of them about the fixth part as large as a globule of the human
blood. And though this green weed, when I firft laid it to dry, was
in parcels heaped together, to the thicknefs of one’s little finger,
yet, when dried, it was no thicker than common paper, whence may
be gathered, what a vaft quantity of watery particles are contained in
this aquatic plant or weed.

In a word, this fuppofed paper from Courland, which is there
reported to have fallen from the clouds, and the green weed or leaf,
prepared by me in imitation of it, are, in their component parts, {o
exactly alike, that they may be faid to be one and the fame. For,
in divers of the filaments or threads of the firft, I could perceive the
membranes compofing them to be the fame as in the fecond, and, in
an hundred places, I could perceive thefe filaments to be furnifhed
with joints, which were alike formed in each {pecimen.

Thefe obfervations thew, how far conceit and imagination will lead
fome people, and who knows, how many perfons may have pieces
of this imaginary paper, treafured up in their cabinets as great
rarities ?




Of the herb Perizvinkle, wherein the opinion that it does not bear any
Jeed, is refuted.

I WAS induced to turn my thoughts to the confideration of the
herb Periwinkle, from an opinion which is entertained, that, though
it bears a flower, it does not produce any feed. I therefore pro-
cured fome blofloms or flowers of this herb, as they grew on the
ftalks, for I was well aflured, that no flower is produced by any
plant, which, when it falls off, is not fucceeded by fome kind of
feed. And, upon examining by the microfcope thele flowers, and
the remains, as I may fay, of fome of them, which adhered to the
ftalk, in the places where the flowers had fallen off, 1 very plainly
faw, that thefe remains were formed for the particular purpofe of
producing feed ; for, in fome of them, I faw two or three feeds,
though very minute.

An acquaintance of mine, a refpectable perfon, gave me fome of
thefe flowers, which he had gathered from a plant, growing in a
place, where the rays of the fun feldom penetrated : and the fame
perfon, pafling by a houfe, where this plant was placed as an orna-
ment, and obferving that there were fome f{eeds on it, he brought
me a few of thofe feeds with the fhells or pods inclofing them. Thele
fecds were of a dark colour, oblong, and much larger than I
expetted to have feen, and they were inclofed in a f{trong and
tough fhell. They were not much thorter than coffee berries, though
the coffee berries are four times as thick : and laftly, the leeds of
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the Periwinkle are dii‘linguif—hahle by the fame kind of creale or
chink, as is to be feen in colfee berries.

Six of thefe feeds, I fieeped in water for feveral hours, in order
that I might be able to cut them, through the hard fhell or hufk,
into very thin {lices ; and, upon placing thole flices before the mi-
crofcope, 1 faw, in every feed, the young plant concealed. I faw
likewife, in feveral of them, the two leaves with which thefe kind of
young plants are generally provided, and thele fmall leaves, which,
in diflecting the feed, I had cut through, appeared fomewhat of a
flat fhape : T alfo could diftinguifh the veins and veflels in thefe leaves.
Upon repeating the experiment, I cut through that place in the feed
which partly fhoats upwards into a ftalk, and partly penetrates down-
wards into areot. And here, I could difcern the veflels, defiined to
convey the juices upwards or downwards, to thofe refpective parts of
the plant. In fome of thefe feeds, however, the young plant was not
compleatly formed.

After this, I cut the outer hufk or {hell, and the farinaceous fub-
fiance which furrounded the young plant, into very fmall pieces
lengthwife, in order to take the young plant, whole and entire out of
the feed.  And having fucceeded therein to my with, I clearly per-
ceived in the plant the two oblong leaves I have mentioned, with their
veliels and veins; and [ farther faw, that the fides of the leaves, -
which lay next each other, were fomewhat flat, the outer fides of
them rounding. The veflels on the fides of the leaves, on account
of their opacity, I could not perfectly diftinguifh. The young plant,
incloled in the feed, I judged to be fixteen times fmaller than the feed
itfelf.

The young plant in the feed of this herb, Periwinkle, is remark-
ably long and flender; the plant itfelf does not rife up into a fialk,
but creeps along on the ground.  And, as in this refpect, it is fimilar
to mo't plants of thz vine fpecies, which are by nature what is called
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creeping, and therefore are ufually trained againft fome fupport;
fo, the young plants, in the {eeds of the Periwinkle, and in that of
the Vine, I mean, what is contained in the grape-ftone, are of a
fimilar fhape, though the feeds themfelves, are wholly of a different
figure: and, asto the circumftance, that {eeds are {eldom found i
the Periwinkle, whence the notion of its being entirely deflitute of
feeds, feems to have proceeded, I guefs this to be the reafon, that,
it is generaily planted in the moft obfcure and unfavourable places,
‘where it receives very few of the {fun-beams.

Moreover, 1 examined the mealy {ubfiance which furrounds the
young plant, and found it to confift, in part, of veficles, of equal
fizes, but- much larger, than the veficles which are found in the
cocoa-nut.  When I firongly compreiled thele mealy particles, I ob-=
ferved many oily parts, of a globular form, and fo large, that they
feemed to be compofed of many receptacies of that cil.

Finally, I placed fix of the Periwinkie feeds in moift fand, which
I put into a firong and large glals tube; this I carried, for the
fpace of an entire month, in my pocket, where, in the day-time, the
matural heat of my body was imparted to thein; and, at.the expi-
ration of that time, I tock out one of the feeds, but, I did not per-
ceive any alteration in it. I therefore kept the remaining five {eeds
in the fand, taking care, that they thould always be moift. And,
at the end of another month, I again examzined them, but found their
figure unaitered, though the feeds were grown {o foft, that, they
might be broken with one’s nail only. I then took the young: f;.;;m{s
out of the feeds, and I could not obferve in them any. tendency to-
wards decay or dillolution, nor any advance towaids vegetation or
mcreafe.
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Of the root named * Pareira Brava.

,
SEEING, in the Philofophical Tranfactions of the Royal Society
of London, the Root named Pareira Brava, very much extolled, ou
account of the medicinal virtues it is faid to pofiefs, [ was induced to
publith the obfervations I had made on that root.

A gentleman of fome confequence in this country, produced to
me a piece of this root. adding, that it was diflicult to be met with,
and was very highly valued, fur that a few grains of the powder;
adminiftered to a fick perfon, would be found of fingular benefit.

In order to examine this wood by the microfcope, I cbtained from
this gentleman a fmall piece, from which I cut off’ about the quan-
tity of a grain, and this again, I divided into ftill {maller flices,
fome by a longitudinal, and fome by a tranfverfe fection. I then;
by the help of the microfcope, difcovered, that the wood contained
many very large pores, in fome places difpofed fingly, in others, two
or three placed adjoining to each other. I next, put thefe very thin
flices into a perfectly clean glafs, and poured water on them, in
order to {eparate from them, the falts they might contain, which
I was very defirous to examine. Then, upon applying the micro-
{cope, 1 obferved great numbers of exceflively minute, glittering
particles difpofed thronghout the watee. Thefe particles were of
various and peculiar fhapes, very like thofe falts which I have often

* This is the root of an American convolvulus, (the ciffampelss Pareira of Linnzus).
brought to us from Brazil. The reader will find it defcribed in the New Edinburgh Dif~
penfatory, being an improvement of Dr; Lewis’s,
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found in fea-fith. Then, becaule I imagined that thefe particles, as
far as I could judge by my eye, were no other, than ablolute falts,
I immerfed fome of them in burnt wine, to fee whether they would
be diffolved in the wine. But, all of them prelerved their {hapes
unaltered, fome.of them exhibiting on the glafs, a triangular figure,
and fome being perfectly fquare. But, it was my opinion, that thefe
falts, had been inclofed in certain veficles in the root, and, when
extratted from them by the water, had concreted into the falts [
have defcribed ; for, I had obferved the Pareira Brava to be fur-
nifhed with many of thofe veficles.

Not having fully {atisfied myfelf by the examination of this piece
of the Pareira Brava, I endeavoured to purchale fome of the root in
our town, but [ found, that the very name of it was unknown here;
however, in a neighbouring town, where it had been in ule for about
a twelvemonth, I procured an ounce and a quarter, and, upon com-
paring this with the former fpecimen, by the help of the microfcope,
I found them to correfpond exaétly.

This lafi-mentioned root, was a piece, fplit lengthwife, and, as.
near as I could judge, of five years growth : it was half an inch in
thicknels, and the texture of it appeared to me of a wonderful
make.® I divided a fmall piece of it, into very minute fragments,
and, putting them into a clean glafs with fome rain water, 1 caufed
the water to boil, until more than half of it was beiled away, the
remainder I took off the fire, judging, that the faline particles, were,
by this boiling fully incorporated with the water. In this water,
however, I difcovered nothing by the microfcope, except feveral very
{inall and thin membranes fwimming on the f{urface: 1 therefore
expoled fome drops of it to the air, in order, that the evaporation of
the moifture might caufe the falts to concrete.  But, in a {hort time,

* The author has not given a figure of this root.
Keg
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there appeared fuch a membrane or film on the furface of the water,
that nothing could be diftinguifhed in the fluid, except fome excef-
fively minute particles {wimming in the water in fuch multitudes,
that, if fome of them had not collected together in the form of falts,
I could not have difcovered them. And, I could not fufficiently ad-
mire, that from fo finall 2 fragment of the root, fuch a quantity of
falts had pafled into the water. -

After this water had flood undifturbed for fome time, and the
films on it were fubfided, I put a drop of it, about the fize
of a pin’s head, into a clean glafs, and mixed with it fome bloed,
which, by the puncture of a needle, I dfew from my finger. Where-
upon I faw, that the globules of blood from whence its rednefs pro-
ceeds, were, upon being thusdiluted, more feparated and [cattered than
1 remember to have ever obferved. There was alfo this remarkable:
appearance, that moft of the globules had a kind of finus or cavity
in them, the fame as if one had a bladder filled with water, and by
prefling a finger on the middle of the bladder, made a cavity or fur-
row in it. And, when the globules, after afluming a flat thape
(for when they are fomewhat difperfed or feparated, their extreme
foftnefs caufes them to become flat) got fomewhat clofer together,
they put on an oval figure, and then, the cavities I have mentioned,
alfo became fomewhat oblong. But, when globules of blood are
concreted or coagulated, they exhibit the appearance of a folid body,
the component parts of which, cannot be diftinguithed by the eye, ex-
cept that, inthe coagulated parts, they feem rather to differ in fize.

Now, having {o often experienced as I have done, how very foft
are the globules of blood, and how fpeedily, when {lightly in con--
tact, and expofed to the air, they coagulate, T cannot, inany man=-
ner, comprehend, how it -is, that thofe globules when in the veins
and arteries, where they fo ftrongly propel and comprefs one an—
other, do not coagulate.  Still Jefs can I comprehend, why, when.
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the fkin, or the arteries, are comprefled with the hand, the blood
itlelf does not become thicker.

After this, I cut the root into many {mall pieces, both longitu-
dinally and tranfverfely, in order to inveftizate, whether thole mi-
nute {alts, which I deemed to be in the root, could be there difco-
vered. For, I was perluaded, that there were in the roct, {fome
kind of veficles, full of a certain humour or moiit {fubfiance, and, thar
upon the evaporation of the moifture, the faline particles whicly
abounded in it, concreted together, as 1 have mentioned above.

Having now plenty of the root, to purlue my ezperiments, I
found, that more than one-third part of it, confifted of veficles,
arifing at the inner part of the root, and tending towards the exte--
rior. In thele veficles, lay certain minute falts, collected as it were:
in clufters, fo that frequently, fix or feven appeared together, in a cir-
cular pofition : and, where thele clufters were longer than broad, I
Judged that, at leaft there were twenty falts in every clufter.

Thefe particles, in my opinion, when firft formed in the roct, are
larger; but, that in the drying, they become f{o clofely compacted
together, that they each affume different fhapes, fome being trian-
gular, fome quadrangular, &e. which I have alfo obferved, in moft
things when heaped together promifcuoully. From hence, at length
I gathered, that thefe fmall particles, were no other than very mi-
nute falts.

For my farther fatisfaction herein, I took fome of thele very
mintte falts out of the membranes or veficles containing them, and’
after WEtting them with rain-water, I put them into a very clean
glafs, and placed them over a burning cezl, in like manner as I
have praciifed in experiments on the globules of meal. [ then ob-
ferved, that thele particles, which, for the prefent, 1 will call mealy
particles, and which, before, were globular, now aflumed a Hat
thape of a circula:r figure, So that, thefe particles may, perhaps
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without impropriety, be deemed farinaceous or mealy parts; for,
as [ have faid, their globular form was changed to that of flat and
circular, but of different dimenfions. This experiment I often re-
peated, and always found the event alike.

Having never before, found thefe colleétions of particles fui-
rounded by a membrane in any other wood, but only in certain {eeds,
I was not content with the examination of this root, Pareira Brava,
but applied mylfelf to the infpection of other roots, fuch as that of
the China root*, in which, I not only found the fame kind of
fubftance, or particles, as in the Pareira Brava, but, the particles
were {o very large, that I could very plainly perceive in them, the
fame kind of chink, furrow, or creafe, as 1 have in another place
mentioned, to have obferved in the grains and meal of wheat. And,
as to all thefe mealy particles, in both the fubjects [ have mentioned,
I could perceive them, when brought to the fire, uniformly alter
their figures, from a globular, to a flat and circular {hape.

Now, fince it appears, that the particles in the laft-men-
tioned root, have in them thefe chinks or creafes, and, that when
wetted and afterwards dried, they change their figures as before re-
lated, we may reaflonably conclude, that the very minute particles
which abound in the Pareira Brava, have alfo the fame kind of
chink, or furrow, though fuch furrow is to us invifible.

Let us now fuppofe thefe very minute particles, which I call
realy ones, contained in the root of the Pareira Brava, to be admi-
nifterel as a medicine, and by the heat and moifture of the
body to be dillolved : let us farther fuppofe that the particles, fo dif-
iolved, are, by the continual motion and agitation of the bedy, in or-
der, that they may perform their office of reftoring health, commi-
puted and broken into other particles of inconceivable tenuity

* This rost is very m'nutely deferibed in Dr. Aftruc’s Treatifz on the Venereal Difeales
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and finenefs. We do indeed, hereby gain fome infight into the
manner of Nature's operation of healing ; but, in what particular
manner, the particles, fo attenuated. do a¢t in the accomplithment
of her purpofe, will, if I miftake not, for ever remain undifcover-
able by human powers.

Farther, I tock a portion of the root, in quantity about five grains
apothecary’s weight, and placed it on the fire, in order to draw from
it the oil and volatile [pirit it might contain.  When this was buriit
to a coal; in order to difcover its fixed falts, I poured cn it a little
rain water, which water becoming very turbid and foul, by realon
of the burnt matter, I firained it through a filtering-paper, and
placed portions of it on feveral pieces of clean glals, to the end, that
the watery parts might evaporate. Neverthelels, there fiill remained
fomething of a vifcous matter, from whence I concluded, that {eine
parts of the root Lad efcaped the fire: this was all that cecurred to
me worthy of note in this experiment,

A certain phyfician, in converfation on the fubject, fugeefied to
me, that if the coal of the root was burnt to a white ath, the lalis
would certainly be difcovered. But, though, in attempting to cficct
this, the glals on which the pieces of root were placed, always
melted by the violence of the heat, the pieces of wocd were never
burnt to afhes.

Hereupon, I placed fome pieces of the Pareira Brava root, on a
piece of charcoal, fuch as the goldimiths ufe, and dire¢ted the
flame of a large candle againft it, by the blaft of a blow-pipe; by
which means, the root was almofi all confumed to a white ath : this,
I caft into a fmall quantity of water in a glafs, and filtering the wa-
ter, which was very turbid, I let it fall drop by drop on different
glalles, made perfeétly clean. One of thele glafles I placed on a
burning coal, in order to evaporate the moifture, for, at that time,
te atmolphere was very damp, and rainy. When this drop of wa-
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ter ‘was evaporated, fuch a quantity of falts appeared, that T was
aftonifhed at the fight; for they lay heaped together, in like man-
ner as, in a wood, the twigs and Imall branches are feen {pread on
the ground.  After they had remained thus for a fmall time, though
within an hour, they diflolved into moifture: I found the fame ef-
feét to follow breathing en them.

Now, what fhall we {ay of this moft extracrdinary and intimate
union of thefe falts with the root? For, it has been obferved, that
though the glafs melted by the vehemence of the heat applied to it,
the faits in the pieces of root, which lay on the glafs, were not ex-
pelled ; though afterwards, when furrounded by a fironger heag
they were feparated from the wood.

When we find thicie things upon experiment, we cannot but rea-
fon thus with ourfeives; How wonderful is the make and texture of
this root, and how powerfully may the falt which is thus clofely
united to it, aét as a medicine on the human body ! For my part, if
I may {peak my opinion, it is, that the make of thefe falts is not to
be altered by the power of fire.

Again, upen confidering whether the charcoal, which I had ufed
‘inthe preceding experiment, might not pollibly have fome foulnefs or
-extranecus matter on it, which was imparted to the root whilft burn-
ing, I placed fome pieces of the Pareira Brava on a filver plate, and,
when they feemed to be quite burnt to athes, and were glewing hot,
I threw them into fome rain water, which had been boiled ina elean
veliel well tinned, and only ufed to boil water for the mﬂl\'ing of tea
or colfive. This water, after ftraining it through filtering paper, 1
laced in four feparate glafies, and fulfered it to remain there all
it. The next day, the atmofphere being dry and clear, 1 examined
thom by four feveral mierolcopes, and found, that the greatelt part,
hut'not the whole, of the water was evaporated. The event of the
experiment was, however, the fame as in the laft, namely, that an
mnumerzable muititude of the falts before deleribed, were to be {een,
and that more diftinétly than before.
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On the formation of the cryflalline bumour of the Eye, in various animals,
birds, and fifbes.

THE cryftalline or tranfparent body or fubftance, (which is com-
monly called the cryftalline humour) of the Eye, is, in confifience or
hardnefs, almoft the fame as a preferved nutmeg. When I firft began
to make my obfervations on it, I cut off, with a fharp razor, fome fmall
pieces or flices, and found it to confift of a fort of fcaly particles, laid
one on another, in a kind of circular form, taking their origin from
the center, and all of them then feemed to me, to be compofed of
cryltalline globules. After I had left this cryftalline fubftance, for
the {pace of three days to dry, it became fo hard, that it flew into
pieces before the edge of the knife, after the manner of rofin.
Upon again examining its nature and compofition, 1 perceived, not
only the fcaly formation, and inthe circulardire¢tion Ihave mentioned.
but I difcovered, that each of the fcales or coats was compofed of
parts, lying in a circular pofition, and in regular order, in refpeét to
each other. In other words, the formation of the cryflalline hu-
mour, may be compared to a fmall globe, or fphere, made up of
thin pieces of paper, laid one on another: this will ferve to give an
idea of the fcales or ceats above mentioned, and, fuppofing each
paper to be compofed of particles or lines, placed fomewhat in the
pofition -of the meridian lines cn a globe, extending {rom one pole
to the cther, this may explain the nature of the component paris ol
thofe fcales or coats.

After thefe firlt obfervations, 1 employed myfelf, more narrowly
to examine, the eyes of oxen and cows; for, I thought, that I had
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not then, inveliigated the formation of the cryfialline humour, fo
accurately as I ought to have done.

I. therefore, firft fat about examining that pellicle or thin mem-
brane, wherein the cryfialline humour is inclofed, and by which it
is, as it were, feparated from the other humours, compofing the
fubflance of the Eye. I was then, well aflured, that I faw this
membrane to be compofed of threads or filaments, though after-

wards, notwithftanding the greateft attention that I could beﬁnw, '

I could not diftinguilh fuch filaments.

In this examination, I fometimes, but not often, obierved, thatthe
{mall fibres compofing the filamentary {ubfiance of the external coat
of the ery ftalline humour, were united to the before mentioned mem-

brane ; whenece I concluded, that this membrane was effential to the

cryftalline humour, in order to fmooth any inequalities that there
might be in the filaments of its external coat, and make its round
furface perfefily even.

{ alfo confidered with myfelf, whether this membrane might
not be formed, for the purpofe, occafionally, by its compreflion,

to alter the figure of the cryftalline humour; that is, to make its

rounding fhape flatter at times, as the purpofes of vifion might re-
quire ; and, if fo, this part of the Eye which has hitherto been called
the cryftalline humour, ought rather to be named, the cryftal-
line mulcle of the Eye: and yet, I cannot affirm with certainty,
that 1 have clearly feen this membrane to be compofed of filaments
intermixed one amoeng another, though, I am well affured that it can-
not be formed in any other manner ; for, I have always found every
kind of thin membrane which I examined, to be of a filamentary or
fibrousmake. With regard to this,now under confideration, I perceived,

when viewing it fideways, that it was compofed of a kind of fireaks

perfectly tranfparent, which I concluded to be, fome lymphatic
vellels. defiined for the nourifhiment of the eryftalline humour; but
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when I followed with my eye, thefe fireaks, or lymphatic veflels, to
the part where they joined the cryfialline humour, they became fo
Alender, that they vanifhed from my fight.

With regard to the before mentioned fcales or coats, which compofe
the cr}'ﬁalline humour, I found them to be fo exceedingly thin, that,
meai'uring them by my eye, 1 muft fay, there were more than two
thoufand of them, lying one on another. TFor, when I had ftripped
the cryfitalline humour of the membrane in which it was inclofed, I
found, that its axis or diameter where it was thickeft, (for it is not a
perfeét globe, but foinewhat flattened) was equal to two third parts
of an inch; therefore, from the center to the circumference, is one
third of an inch ; and, as [ have found by repeated experiments, that
fix hundred hairs of a man’s head, are in breadth equal to an inch,
two hundred of them conftitute the third of an inch. Now, [ have
feen, that where ten of the before mentioned {cales or coats lay
clofe, one on another, they were not, altogether, equal to the diame-
ter of an hair ; therefore, if thefe ten be multiplied by two hundred,
it follows, as I have before mentioned, that the cryftalline humour
is, in its fubftance or thicknels, compofed of more than two thoufand
{cales or coats: and laftly I faw, that each of thefe coats or {cales
was formed of filaments or threads, placed in regular order, fide by
fide, each coat being of the thicknefs of one fuch filament.

In order to explain to the reader, the nature of this formation of the
cry ftalline hvmonr, that is, how it is compoled of fibres or filaments,
I have, in the following figures, reprefented thofe filaments by lines
drawn in a circle, as accurately as I was able; firft premifing, that in
Plate VIIL fig. 1. ABC reprefents the cryftalline humour, in an ox’s
eye, of its natural fize; B, is the place in that part of the tunica
coinea, or horny coat of the eye, through which the rays of light
pals.  In the following figures, the natural dimenfions are increafed,
in order that the filaments of which the fcales or coats are compofed,
may be exhibited more diftinétly,

IFfe
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In Plate VILL, at fig, 2, is reprelented the lusface of the cryflal-
line humour, pi€tured at fig. 1, but, which is here to be confidered,
as if that figure did prefent a circular fhape to the eye. in this
figure, are many lines to reprefent the courle or direftion of the
filaments, but, it mufl not be fuppoled to give a true reprefentation
of their numbers, the circumference of the crylialiine humour of
an ox’s eye, comaining more than twelve thoufand of fuch fila-
ments. For, ten of thele filamenis laid fide by fide are, (as before
cbierved) not equal to the diameter of an hair; and the whole axis or
diameter of the cryllalline humour being, as before noted, equal to
four hundred hair’s breadth, it confifts of four thoufand filaments in
diameter. And, by the common rules of arithmetic, whereby we find
the circumference of a circle, of a given diameter, it will be found, that
the circumference of the cryftalline humour in an ox’s eye, conlifts of
125713 filaments.

Hence we may collect, how excellively thin thefe filaments are ;
and, we fhall be firuck with admiration, in viewing the wonderful
manner they take their courfe, not, in a regular circle round the ball
of the cryfialiine humour, as I firft thought, but, by three different
circuits, proceeding from the point L, which point, I will call their axis
or center. They do not, on the other fide of the {phere, approach each
other in a center like this at L, but return in a fhort or fudden turn
or bend, where they are the fhorteft, fo that, the filaments of which
cach coat is compoled, have not in reality, any termination or end.
To explain this more particularly, the fhorteft filaments MK, HN,
and OF, which fill the {pace on the other fide of the fphere, conftitute
a kind of axis or center, fimilar to this at L; fo that, the filaments
MK, having gone their extent, and filled up the fpace on the other
fide, in like manner as is here fhewn by the lines ELI, return back,
and become the thorteft filaments, HN. Thefe filaments HN, pai-
fing on the other fide of the fphere, again form another axis or cepter,
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and return in the direftion OF, and the filaments GI¥ again, on the
other fide of tha {phere, colleét round a third center, zn: "ws:{-: re-
turn in the direftion KM fo that, the klnun nts which on this fide

¢ the fhortell, on the other fide are the longell, and thofe which
then. are the fhorteit, are here the long: *1

In order to exhibit more clearly to "*L view, the nature and dif-
polition of thofe filaments, confiituting each fcale or coat of the cry-
ftalline humour, I have given a figure of them, as feen fideways,
and which, in the plate, is exprefled by lines ; but it muft be beci"-.'~
ed, that in thele figures, the cryltalline humour is reprefented as
it were of a fpherical form, and, in the defeription [ call it a ipl*ere
as being more intelligible in the defeription, though in truth, it is not
perfeftly globular, as I have before noted.

In Plate VIlIl. fig. 3, RTPSWQ,is defigned to reprefent one of the
coats of the ervitailine humour, aliowing for the difierence in fhape
as before noted : P, and () are axes or centers, one of which, P, in
fg. 2, was fhewn at L ; the filaments coming from the point P, (which
in fig. 2 is L) proceed to V, where th{::,.r are thortelt ; from whence
they return towards P, where again they are longelt, and, from
P they proceed towards W, where they are again fhorteft. In
like manner, the filaments at T, take their direftion towards (), and
from thence towards X, and from X again towards O : {o that, in
this figure (allowing it to be confidered as an hemiiphere) may be
{e=n the one half of the courfe or circuit of the filaments. In a word,
the filaments L1, in fig. 2, are the fame as in this, are (hewnatP§;
and the filaments between L and M in fig. 2, are here feen between
P and X, and thofe between L and O, in fig. ¢, are here, betwcen P
and T ; fo that the filaments which in fig. 2, are feen between FOL
IKE, ﬂnd in fig. g, in RT PS do reprefent the felf fame filaments.

I muft here farther obferve, that the filaments, of which the cry-
ftalline humour, or rather fubftance, confifts, are thickefi about R
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and S, and, where they approach nearer, at P or Q, they become thin-
ner or {lenderer. Finally, upon an attentive examination of the ery-
fialline humour, we (hall be convinced, that its tranfparency is not to
be exceeded by any glals, although it cgnﬁﬁs of fo many thoufand
flaments, which is moft wonderful ; and the more, if we confider,
how clofely the filaments mufi be united, that they may admit the
rays of light to pals through them in firait lines ; for otherwife, the
cryftalline humour would not be pellucid, but would exhibit a white
appearance.

In order to explain this formation of the cryftalline humour ftill
more plainly to fome curious gentlemen, I took a fmall tennis ball,
and wound it clofe round about, with fome very fmall twine, confining
the twine by pins ftuck in the ball, in the pofition or courfe which
the filaments take; I then {pread over the whole fome firong glue,
and when it was dry, I took out the pins, and then the twine thus
wound round the ball, gave a true reprefentation of the courfe of the
filaments as before defceribed.

I have mentioned in the beginning of this Eflay, that the parts
which I now plainly perceive are filaments, I then thought were
compofed of globules, and this, in fome filaments, did then feem to
me very apparent; but, not having feen the fame appearance uni-
formly in all, I now conclude, that the filaments being (as before
mentioned) moft clofely united, it might happen, thatin the feparat-
ing them, fome fragments or particles of one, might ftick to another
of them, and thefe I might miftake for globules.

After this, I took the eyes of theep, hogs, dozs, cats, and other
animals, and examined their cryflalline humours, in the fame manner
as | had treated the eyes of oxen ; but, neither in the fcales or coats
conflituting the cryftalime humours, nor in the difpofition of the
filaments, of which each coat or {cale was compofed, did I pcrceive
the leaft difference.  Moreover, I extradted the cryfialline humour,
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from the eyes of hares and rabbits ; thele alfo, I found to confift of
{cales or coats, inclofed one in another, and each {cale or coat com-
pofed of filaments; but, whereas the filaments compoling the cry-
ftalline humour ii the eyes of the feveral animals I have firft enu-
merated, do arife from three centers, and thence are difperfed three
different ways round the circumference, the filaments in thefle two
laft mentioned animals, take only a twofold courfe or direétion. This
is fhewn in fig. 4, AB CD, which reprelents the hemifphere, or one
half of the cryftalline humour, in the eye of an hare or a rab-
bit. E,is the center near the pupil or fight of the eye; thefe fila-
ments, compofing the coats or fcales, pafling through, or near the
central point E, take their.courfe, fome towards F, and others to-
wards G, fo that F and G, on the contrary fide, conftitute another
central point.

I allo made a drawing, which is copied at fig. 5, of the fame ob-
ject, as it appeared when viewed fideways, in order more clearly to
{hew the nature of thefe laft mentioned filaments, which, with a kind
of fibrous fubftance, compofe each fcale or coat. I will fuppofe then,
that the filaments, which in fig. 4, are reprefented between EF, are
the fame which i fig. 5, are pictured at the letters 10 ; fo that, the
filaments proceeding from the point I, that is, in the former figure
at E, here end their courfe at N and L, where they are the fhortett,
and thofe at O, take their courfe through or befide the point or cen-
ter N, where they are the longeft, and then terminate, or rather,
with a kind of flexure or bending, return as here reprefented. Ina
word, thofe filaments, which, on this fide, appear neareft the center,
would, on the farther fide be feen remoteft from it.

In thefe experiments, I always endeavoured, to difcover the forma-
tion of that part of the Eye which anatomifis call the vitreous or
glaily humour, and, which in great part, furrounds the cryftalline
humour, becaufe I was well aflured, that this vitreous humour, was
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not a watery fubftance, but rather a kind of pellucid mufcle; but,
notwithflanding all my endeavours, I could not form any determi-
nate or certain judgment on this head, becaufe the {ubftance of this
vitreous humour, always changed into a kind of watery matter.

Moreover, I examined the eyes of filhes; thefe are perfectly
{pherical, and I found, that they confifted of the fame kind of thin
coats or {cales, laid one on another, as I have defcribed the eyes of
animals to be formed; each coat or fcale, was alfo compofed of
{ilaments, but, thefe filaments have not that kind of bending courfe, as
in animals; and, with all my endeavours, 1 could not difcover in
what direction they were placed ; for, where the filaments draw
towards a point or center, they are {o exceedingly flender, and cohere
fo clofely, that they efcape the fight, and caufe fuch a confufion of
objects, that I cannot be certain, whether they terminate in that center,
or return back again from it. Fig. 6, ABC D, reprefents the cryfial-
line humour or fubliance in the eye of a cod-fith ; and, though I
drew the lines, here made to reprefent the filaments, from the center
or peint A, to the center or point C, with only a pair of compafles,
wider apart than in the other figures, yet the filaments which
compofe thefe {cales or coats, are not in fact thicker, except in the
middle at B and D, and the nearer they approach the point A or C
the thinner they are.  Fig. 7, Thews the natural fize of the cryftal-
line humour in this eye.

I alfo examined the cryftalline humour in the eyes of birds, only
to fee how the filaments compofing their coats or fcales, took their
courle ; and, at length, after many obfervations, I found the filaments,
m the eve of a turkey, to take the fame direction, as thofe in fifhes;
but whereas the cryftalliine humour in the eyes of fifhes is perfeétly
round, thatin the eyes of birds, is flattened, as at fig. 8, lying with its
Hat fide D, next the tunica cornea or horny coat of the eye. And, up-
on my cutting with a fharp knife many pieces of the {cales or coats
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compofing it, in order to reduce the fize fmaller, it altered its figure
to an oblong and flat fhape, as fhewn at fig. g, where E is the fame
part which, in fig. 8, was fhewn at I ; being the point where the
filaments are united, or, in other words, where they fo clofely ap-
proach, and are {o exceedingly flender, as to become invifible : hence
we may conclude, that the filaments which lie neareft to the central
point, being very thin, do thereby produce the oblong round {hape,
and, where the cryftalline humour is larger, the filaments in the
middle are thicker, and thus caufe the fhape to be flattened, which I
mj:*{‘elf' have feen ; for the filaments in the eye of a turkey, where
they were thickelt, were, fingly, larger than thofe in the eye of an
ox, hog, or fheep.

I have often, while looking in a mirror, taken notice of that liquid
Jubftance or moifture, with which the exterior membrane or coat of
the eye is covered, and, in which liquid, there are always fome few
very minute globules intermixed ; which moifture, and the globules
in it, as often as we fhut our eye-lids are thereby made to change
their places: feeing this, I gathered the reafon, why it is neceflary
for terreftrial animals to be furnithed with eye-lids (for filhes, and
other inhabitants of the waters do not need them) and, that if it were
not for the eye-lids, we fhould become blind ; becaufe if the eye-lids did
not continually, when we clofe them, moiften the external membrane
or coat of the eye, its furface would grow dry, and contract in
wrinkles, efpecially in ftrong funfhine, or when we approach a large
fire. And I think it very probable, that there is continually, fome
kind of humour or moifture, protruded from the inner part of the
eye through the tunica cornea, which, by the eye-lids, is fpread
over the eye: for, in feveral eyes of hogs, whofe bodies had been
immerfed in hot water, to facilitate the feraping off the hair, T almofi
always {faw a thin membrane, lying on the outer furface of the tunica.
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cornea, which was fomewhat fcalded by the water, and therefore
might eafily be taken oft; and, upon comprefling the ball of the
eye between my fingers, | faw in many places, a thin watery matter,
iflue from the tunica cornea, and appearing on its furface, like vapour
or fteam, adhering to a glals, and, when the preflure was continued, the
watery particles, which ftood on the furface, in the form of minute -
drops, were {fo much enlarged, as to run into one another. And we
need not wonder at this appearance, when we confider, that the tu-
nica cornea is compoled of nothing but particles, like fireaks or fibrous
parts with their ramifications, and all of them very thin and flender.

I at one time cut the tunica cornea of an ox’s eye into {uch
thin flices, that the thicknels of it was feven times divided, and, in
each of thofe feven parts, I faw with great admiration (and more
difiinétly than I had before done) the great multitudes of pellucid
fireaks or fibres intermixed together, many of which I judged were
a kind of blood vellels, though fo {mall and {lender, that they would
not admit the globulcs of blood, which caufe its red colour, to pafs
through them ; and I conelude that, when we rub our eyes, thofe
vellels may, by the preflure, be fo extended, as to admit the red glo-
bules of blood, which, for a time, [tagnating there, caufe the eyes to
appear red, or, what is commeonly called blood-{hot.

But, to return to the eye-lids, it is my opinion, that they never
can be confidered as in a ftate of reft, except when they are fhut;
and hence it is, that we cannot keep them fteadily open, for any
length of time, without applying fome external force : and, as it were,
to give them reft, we frequently (and involuntarily) clofe them;
which involuntary motion in the eye-lids, dees, I doubt not, by pref-
fing on the orifice of fome minute lymphatic vellels, caufe them
continually to emit fmall portions of the lymph, whereby the tunica
cornea is continually kept moili, as has been before obferved. And
I have feen perfons, in a public audience, when very attentive, clofe
their eyes, though fome did this more frequently than others.
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Myfelf, and thofe of my family, have often, when contemplating
objeéts by the microfcope, feen an appearance of fmall giobules be-
fore the fight, * which, I have no doubt, were particles ifluing from
the veflels in the eye, and lying on its furface: thefe, with the
leaft motion of the eye, feemed to bein great agitation, and many
would affirm, that they faw living creatures before their fight ; but
whoever gives this {ubjett an attentive confideration, will find, that
thele globules or fireaks, though they feem, while the eye is
kept fiill, to be in motion, fometimes upwards and fometimes down-
wards, yet they do not alter their pofition in refpeét of each other ;
and perhaps at another time we fhall fee none, or if any, of a very
different kind. I believe, however, that this appearance is what has
led fome people to fancy, that they beheld animalcules moving in
water, even after it has been boiled, and toaflirm, that thefe are the
{fame kind of animalcules which I profefs to have plainly feen:
but we muft forgive fuch perfons their error, confidering they
know no better.,

#* The Tranflator can give a firong fimilar inftance, from his own painful experience ; for,
having met with an accident by which the furface of his eye was injured, the confequence was,
for fome hours after the hurt, an appearance of minute, wonderfully bright globules, feeming
to whirl round the ball of the eye with a rapidity like lightning ; and, for feveral following
days, many dark {pecks, in motion before the fight; but all, as Mr. Leeuwenhock fays, pre-
ferving the fame diftance in refpedt of cach other @ one of thefe in particular, appeared in fize,
colour, and thape, much like 2 common fly, which feemed to be running along the wainfcot of
the room, or upon the table,




ADDITION, sy T TRANSLATOR.

THE preceding Eflay is one of the moft curious, and the Tranf-
lator conceives, that his Readers will deem it the moft interefting, of
any in this Work ; foralmuch as it refpeéts the choiceft corporeal
gift of God to his creatures, the Blefling of Sight: and, for the
information of thofe, who are not acquainted with the particular firuc-
ture of that wonderful Organ, the Eye ; the following defcription of
it is {ubjoined, taken from Mr. Adams’s Effay on Vifion, a fmall
Treatife, well worthy the perufal of every one.

¢« Or THE GLoBE oF THE EvE.

« If the conftruction of the Univerfe were notfo evident a proof of
* the exiftence of a fupremely wife and benevolent Creator, as to
““ render particular arguments unneceflary, the ftruéture of the eye
“ might be offered as one, by no means the leaft ; this inftance,
« among numberlefs others, demonitrating, that the beft perform-
“ ances of art are infinitely fhort of thofe which are continually pro-
“ duced by the Divine MEecuaNIC.

¢« The globe of the eye, or the organ of fight, may be defined in
“ general as a kind of cafe, confifting of feveral coats, containing
« three pellucid humours, which are {o adjufted, that the rays pro-
« ceeding from luminous objects, and admitted at a hole in the fore
« part of the eye, are brought to a focus upon the back part of it,
« where they fall upon a foft pulpy fubftance, from whence the mind
“ receives it’s intelligence of vifible objects.

“ It is not to be expected, that any account given of the eye can be
« altogether accurate; for as it is mmpoflible to examine all the
« parts of the eye whilit in a natural and living ftate, fo it is alflo
« nearly impoflible, when it is taken out of its focket, to prefcrve
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« the figure of the parts entire; a circumftance which accounts for
“ the difagreement we find among anatomilts.

«« Of the Coats of the Eye.

“The eye is compofed externally of three coats, or teguments,
“ one covering the other, and forming a ball perfectly globular, ex-
¢ cept at the fore part, which is a little more protuberant than the
<« peft ; within this ball are three difterent fubftances called humours.

¢ The firft, or outer coat, is called the filerotica ; the fecond, or
« middle one, is called the choroides ; the interior one is named the
“ retina.

s Sclerotica. Cornea.

« The exterior membrane, which inclofesand covers the whole eye,
« is called the {clerotica and cornea ; it is, however, firictly {peak-
“ ing, but one and the fame membrane, with different names appro-
« priated to different parts : the hinder and opake part being more
« generally denominated the fclerotica, the fore and tranfparent part
¢ the cornea.

¢ The fclerotica is hard, elaftic, of a white colour, refembling a kind
« of parchment ; the hinder part is very thick and opake, but
““ it grows gradually thinner as it advances towards the part where
¢ the white of the eye terminates. The fore part is thinner, and
¢ tran{parent; itis alflo more protuberant and convex than the reft
“ of the eye, appearing like a {fegment of a {mall {phere applied to
« a larger, and is called cornea, from its tranfparency. The cornea
“ is thick, ftrong, and infenfible; its tranfparency is neceflary for
* the free admiffion of the light. This membrane is compofed of fe-
“ veral plates, laid one over the other, replenifhed with a clear
“« water, and pellucid veflels; thefe plates are more evidently dil-
“ tinct in the fore than the hinder part. The {clerotica is embraced
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“ on its outfide by fixamuicles, by which the eye may be moved in
“ any direction.

“ Choroides. Uvea. Iris.

“ Under the {clerotica is a membrane, known by the name of the
¢« choroides ; it is a foft and tender coat, compoled of innumerable vef-
« fels ; it is concentric to the fclerotica, and adheres clofely to it by a
¢ cellular fubftance, and many veffels. This membrane is outwardly
“ of a brown colour, but inwardly of a more ruffet brown, almoft
« black. Like the {clerotica, it is diftinguilhed by two different names,
¢ the fore part being called the wwea, while the hinder part retains
¢ the name of the choroides.

“ The fore part commences at the place where the cornea begins ;
« it here attaches itfelf more firongly to the fclerotica by a cellular
« [ubftance forming a kind of white narrow circular rim : the cho-
“ yoides f{eparates at this place from the fclerotica, changes its
¢ dire¢lion, turning, or rather folding, dire¢tly inwards, towards the
« axis of theeye, cutting the eye as it were tranfverfely : in the mid-
< dle of this part is a round hole, called the pupil, or fight of the eye :
¢ the pupil is not exactly in the middle of the iris, that is to fay, the
« centers of the pupil and iris do not coincide, the former being a lit-
¢ tle nearer the nofe than the latter.

¢ This part, when it has changed its direction, is no longer called
« the choroides; but the anterior furface, which is of different co-
¢ lours, in different fubjects, is called the iris; the pofterior furface
« is called the uvea, from the black colour with which it is painted.
“ Theiris has a {mooth velvet-like appearance, and feems to confift of
¢ {mall filaments regularl y difpofed, and directed towards the center
“ of the pupil.

“ The eye is denominated blue, black, &c. acoﬂrdmg to the colour
“of the iris. The more general colours are the hazel and the blue,
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« and very often both thele colours are found in the {ame eye. It has
“ heen obferved, that in general, thofe, whofe hair and complexion
« are light coloured, have the iris blue or grey ; and on the contrary,
« thofe whofe hair and complexion are dark, have the iris of a deep
“ brown: whether this occafions any difference in the fenfe of vifion,
« is not difcoverable. Thofe eyes which are called black, when nar-
« rowly infpeéted, are only of a dark hazel colour, appearing black,
“ becaufe they are contrafted with the white of the eye. The black
« and the blue are the moft beautiful colours, and give moft fire and
« vivacity of expreflion to the eye. In black eyes there is more
« force and impetuofity ; but the blue excel in fweetnels and delicacy.
“ The pupil of the eye has no determinate fize, being greater or
{maller, according to the quantity of light that falls upon the eye.
When the light is ftrong, or the vilual object too luminous, we con-
« tract the pupil, in order to intercept a part of the light, which
“ would otherwife hurt or dazzle our eyes ; but when the light is weak,
“ we enlarge the pupil, that a greater quantity may enter the eye,
¢« and thus makea fironger impreflion upon it. This aperture dilates
alfo for viewing diftant objeéts, and becomes narrower for {uch as
are near. The contraction of the pupil is a ftate of violence,
effe¢ted by an exertion of the will : the dilatation is a remiflion of
power, or rather an intermiflion of volition. The latitude of con-
traction and dilatation of the pupil is very confiderable ; and it is
very admirable, that while the pupil changes its magnitude, it pre-
<« ferves its figure. _

“ Anatomifts are not agreed, whether the iris be compofed of two
« fets of fibres, the orbicular and radial, or of either. Halier fays,
¢ he could never difcover the orbicular fibres, even with a microfcope ;
¢« the radial feem vifible to the naked eve, and are fufficient to an-
* {wer all the purpofes required i1 the motion o1 the ins: when the
« pupil is contracted the radial fbres ave firait, when it is dilated,
““ they are drawn into ferpentine folds,
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¢ In children this aperture is more dilated than in grown perfons;
“ in elderly people it is fiill fmaller than in adults, and has but little
“ motion ; hence it is, that thofe who begin to want fpectacles, are
“ obliged to hold the candle between the eye and the paper they
“ read, that the firong light of the candle may force their rigid
“ pupils into fuch a ftate of contraction, as will enable them to fee
« diftinétly. Thofe who are fhort-fighted, have the pupils of their
“ eyes, in general, very large; whereas in thofe whofe eyes are
“ perfect, or long-fighted, they are much fmaller.

“ The whole of the choroides is opake, by which means no light
« is allowed to enter into the eye, but what pafles through the pupil.
*“ To render this opacity more perfect, and the chamber of the eye
« {ill darker, the pofierior furface of this membrane is covered all
¢ gver with a black mucus, called the pigmentum nigrum. This pig-
¢ ment is thinneft upon the concave fide of the choroides, near the
« retina, and on the fore fide of the iris; but is thickeft on the ex-
e terior fide of the choroides, and the inner fide of the uvea.

« The circular edge of the choroides, at that part where it folds in-
« wards to form the uvea, {feems to be of a different fubftance from
¢ the reft of the membrane, being much harder, more denfe, and
« of a white colour; it has been called by fome writers the ciliary
« circle, becaufe the ligamentum ciliare (of which we fhall foon
v {peak) arifes from it.

“ Retina.

« The third and laft membrane of the eye is called the retina, be-
¢ caufe it is fpread like a net over the bottom of the eye ; others de-
« rive the name from the refemblance of the net which the gladia-
« tors called retiarii, employed to entangle their antagonifts. It is
« the thinneft and leaft {olid of the three coats, a fine expanfion of




“ the meduilary part of the optic nerve. The convex fide of it
¢ Jines the choroides, the concave fide covers the {urface of the vi-
¢ treous humcur, terminating where the choreides folds inwards.
« It is an ellential organ of vifion’; on it the images of cbjefs are
¢ peprefented, and their picture formed. This membrane appears to
¢ be black in infants, not {o black at the age of twenty, of a greyifh
¢ colour about the thirtieth year, and in very old age almoit white,
¢ The retina, however, is always tranfparent and colourlefs : any ap-
¢« parent changes therefore, of its colour, muft depend upon altera~
¢ tions of the pigmentum which is feen through it.

“ Oplic Nerve.

« Behind all the coats is fituated the optic nerve, which pafles out of
¢ the fcull, through a fimall hole in the bottom of the orbit which
“ contains the eye. It enters the orbit a little infleted, of a figure
¢« fomewhat round, but comprelled, and is inferted into the globe
* of the eye, not in the middle, but a little higher, and nearer to
¢ the nofe; an artery runs through the optic nerve, goes firait
¢ through the vitreous humour, and fpreads itfelf on the membrane
“ that covers the back fide of the cryfialline.

« Monf. Mariotte has demonfirated, that our eyes are infenfible
s at the place where the optic nerve enters : if, therefore, this nerve
¢« had been fituated in the axis of the eye itfelf, then the mid-
« dle part of every object would have been invifible, and where all
“ things contribute to make us fee befi, we {liould not have feen at
“all; but it is wifely placed by the divine artiit for this and
« other advantageous purpofes, not in the middle, but, as we have
« already obferved, a little higher and nearer to the nofe,

“ Of the Humours of the Eye.

“The coats of the eye, which inveft and fupport each other. after
H h
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the manner of an onton, or other bulbous root, include its humours,
by which name are underftood three fubftances, the one a {olid, the
other a loft body, and the third truly a liqguor. Thele fubftances
are of fuch forms and tranfparency, as not only to tranfmit rea-
dily the rays of light, but alfo to give them the pofition belt

adapted for the purpoles of vifion. They are clear like water, and

‘ do not tinge the object with any particular colour.

““ Agueous Humour.

« The mofi fiuid of the three humours is called the aqueous one;

filling the great interftice between the cornea and the pupil, and
alfo the finall {pace extending from the uvea to the cryftalline lens;
it is thin and clear like water, though fomewhat more {piritous and
vifcuous ; its quantity is fo confiderable, that it fwells out the fore
part of the eye into a protuberance very favourable to vifion. The
uvea {wims in this fluid. It covers the fore part of the cryfialline;
that part of this humour which lies before the uvea, communicates
with that which is behind, by the hole which forms the pupil of

the eye. It is included in a membrane, fo tender, that it cannot

‘ be made vilible, nor preferved, without the moft concentrated lixi-

vial fluid.
¢¢ [t has not been clearly afcertained whence this humouris derived ;
but its fource muft be plentiful : for if the coat containing it be o

 wounded, that all the h.imour runs out, and the eye be kept clofed

for a feafon, the wound will heal, and the fluid be recruited.

“ The colour and confifience of this humour alters with age ; it
becomes thicker, cloudy, and lefs tranfparent, as we advance in
years, which is one reafon, ameong others, why many e‘.:Ierl}r peo-
ple do not reap all that benefit from fpectacles which they migh
naturally expe ¢t
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“ Cryflalline.

¢ The fecond humour of the eye is the eryflalline, which is as
« tranfparent as the pureft cryital ; and though lefs in quantity than
¢ the aquzous humour, yet it is of equal weight, being of a more
* denfe and folid nature; in confiftency it is fomewhat like a hard
¢ jeily, growing fofter from the middle outwards. Its form is that
« of a double convex lens, of unequal convexities, the moft convex
# part being received into an enual concavity in the vitreous humour.

¢« The cryftalline is contained in a kind of cafe, or capfule, the
« fore part of which is very thick and elaftic, the hinder part is thin-
“ ner and fofter. This capfule is fufpended in its place by a mul-
¢ cle called ligamentum ciliare, which, together with the cryfialline,
« divides the globe of the eye into two unequal portions; the firft
“ and fmaller one contains the aqueous humeour, the hinder and
¢ larger part the vitreous humour. The cryftalline has no vifible
“ communication with its caplule, for as {oon as this is opened the
« humour within {lips clean out.

“ The cryftalline is placed fo, that its axis correfponds with that of
“ the pupil, and confequently it is not exatly in a vertical plane di-
“ viding the eye into two equal parts; but fomewhat nearer the nofe.
“¢ It is formed of concentric plates or {cales, fucceeding each other, and
“ thele fcales are formed of fibres elegantly figured, and wound up
“ in a ftupendous manner; thefe are connected b:,-' cellular fibres,
““ fo as to forin a tender cellular texture. Between thefe {cales isa
“ pellucid liquor, which in old age becomes of a yellow colour. The
“innermoft {cales lie clofer together, and form at laft a fort of nu-
“ cleus, harder than the reft of the lens. Theeryfialline has no vi-
¢ fible communication with its caplule, fo that when this is opened,
“-it readily flips out: fome fay, that a {mall quantity of water is
“ effufed round it. Lecuwenhoek has computed that there are
“« two thouland lamine, or {cales, in one cryfialline, and that each

Hhe
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« of thefe is made up of a fingle fibre, or fine thread, running this
“ way and that, in feveral courfes, and meeting in as many centers,
“ and yet not interfering with, or croffing, each other.

“ The yellow colour wherewith the cryftalline is more and more
“ tinged as we advance in years, muft make all objects appear more
¢ and more tinged with that colour: nor does our being infenfible of
« any change in the colour of objects, prove to us that their colour
“ continues the fame ; for in order that we fhould be {enfible of this
« change, the tin¢ture muft not only be confiderable, but it muft hap-
“penona fudden. In the cataract it is opake ; the feat of this difs
¢ order is in the cryftalline lens.

s Vitreous Humour,

“ The vitreous is the third humour of the eye; it receives its name
“ from its appearance, which is like that of melted glafs. It is nei-
¢ ther fo hard as the cryftalline, nor fo liquid as the aqueous humour;
“ it fills the greatelt part of the eye, extending from the infertion of
¢« the optic nerve to the cryftalline humour. It fupports the retina,
“ and keeps it at a proper diitance for receiving and forming dif-
“ tinCt images of chjects,

“ The vitreous humour is containedina very thin pellucid membrane,
“ and concave at its fore part, to reccive the cryftalline; at this
¢ place its membrane divides into two, the one covering the cavity
« in which the cryﬁ.aIllne lies, the other pafling above, and covering

“ the fore part of the cryftailine, thus forming a kind of fheath for .

« the cryftalline. The fabric of the vitreous humour is cellular,
“ the fubflance of it being divided by a very fine tranfparent mem-
« brane into cellules, or little membraneous compartments, con-
¢ taining a very tranfparent liquor.

« Ligamentum Ciliare.
# There is {iill one part to be delcribed, which, though very
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<« delicate and fmall, is of great importance; it is called the liga-
« mentum ciliare, becaufe it is compoled of fmall filaments, or fibres,
« not unlike the cilia, or eyelafhes; thefe fibres arife from the
“ infide of the choroides, all round the circular edge, where it joins
« the uvea ; from whence they run upon the fore part of the vitreous
« humour, at that place where it divides to cover the cryftalline;
“ thofe fibres are at fome diftance from one another, but the inter-
¢ ftices are filled up with a dark-coloured mucus, giving it the ap-
¢t pearance of a black membrane.

“ Of the Figure reprefenting the Eye.

« Figure 10, reprefents a fection of the eye through the middle,
¢ by an horizontal plane pafling through both eyes ; the diameter of
¢ the figure is about twice the diameter of the human eye.

« The outermoft coat, which is cailed fclerotica, is reprefented by
« the {pace between the two exterior circles B F B; the more glo-
¢ bular part, adjoining to the fclerotica at the points BB reprefented
¢ by the {pace between the two circles at B A B, is the cornea.

¢ The next coat under the fclerotica is a membrane of lefs firm-
« nels, reprefented by the two innermoft circles of B F B, and called
« the choroldes.

“ Adjoining to the choroides, at BB, is a flat membrane, called
« the uvea: aa is the pupil, being a {mall hole in the uvea, a little

¢ nearer the nofe than the middle.

““ V the optic nerve ; the fibres of this nerve, after their entrance
“ into the eye, {pread themfelves over the choroides, forming a thin
« membrane, called the retina, and is reprefented in the figure by
¢« the thick fhade contiguous to the circle B I B.

“ I E is the eryflalline humour ; it is fufpended by a nfufcle BbLE,
« called the ligamentum ciliare. "This mulcle arifes behind the uvea
«at. BB, wher¢ the Iclerotica and cornca join together at bb,
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“ enters the capfula, and thence {preads over a great part of its-
“ anterior furface.

¢ The agueous humour occupies the fpace BABL Chb.

“ The larger fpace Bb Db BF contains the witreous humour.

“ The foregoing deflcription, we prefume, will be found fufficient
‘¢ to give the reader a general idea of the confiruction of this won-
¢ derful organ : for a fuller account we muft refer him to the writers
“ on anatomy. Enough has been exhibited to fhew with what art
“ and wildom the eye has been conftruéted.”

The following is a quotation by Mr. Adams, from Reid’s Inquiry
into the Human Mind :

“ If we fhould fuppofe an order of beings endued with every hu-
“ man faculty but that of fight, how incredible would it appear to
“ fuch beings, accuftomed only to the flow information of touch, that
“ by the addition of an organ, confifting of a ball and focket of an
“ inch diameter, they might be enabled, inan inftant of time, without
“ changing their place, to perceive the difpofition of a whole army,
“ the order of a battle, the figure of a magnificent palace, or all
“ the variety of a beautiful landfcape ? If a man were, by feeling, to
*“ find out the figure of the Peak of Teneritte, or even of St. Peter’s
# church at Rome, it would be the work of a life-time.

« It would appear f{till more incredible to {uch beings as we have
“ fuppoled, if they were informed of the difcoveries which may be
« made by this little organ, in things far beyond the reach of any
« other fenfe. That, by means of it, we can find our way on the
« pathlefs ocean, traverfe the globe of the earth, determine its fize
“« and figure, meafure the planetary orbs, and make difcoveries in
“ the {phere of the fixed ftars.

“ Would it not appear. ftill more aftonithing to thele beings, if
“ they fhould be further informed, that by means of this organ we
« can perceive the tempers and difpofitions, the affections and paf-
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““ fions, of our fellow-creatures, even when they want mofl to
“ conceal them ? that by this organ we can often perceive what is
* firait and crooked, in the mind as well as the body : that it par-
“ ticipates of every mental emotion, the fofteft and moft tender, as
« well as the moft violent and 1nur17|.km 15 : that 1t exhibits thele
“ emotions with force, and infufes into the foul of the {fpectator the
« fire and the agitation of that mind in which they originate ? To
“ many myflerious things mauft a blind man give r.rctht if he will
“ believe the relations r}i thofe that fee ! his faith muft exceed that
“ which the poor fceptic derides as impoflible, or condemns as
“ abfurd.

“ It is not, therefore, without reafon, that the faculty of feeing is
¢ looked upon as more noble than the other fenfes, as having fome-
“ thimg; in it fuperior to {enfation, as the {enfe of the underftanding,

‘ the langnage of intelligence. The evidence of reafon is called

jerfmg, not feeling, {melling, tafling, ; nay, we exprefs the man-
« ner of the divine knowlcdgq by feeing, as that kind of knowledge
“ which is moit perfect in ourfelves.”

It is too true, that we do not, in general, know the real value of
any blefling, until we are deprived of it; therefore, let us hear,
how the lofs of fight is pathetically defcribed by Milton, from his
own feeling : In his addrefs to the Light he fays,

““ 1 feel thy fovran vital lamp; but thou

“ Revifit'lt not thefe eyes, that roll in vain

“ To find thy piercing ray, and find no dawn ;

“ So thick a *drop ferene hath quench’d their orbs
“ Or dim fuffufion veil'd.—

#

* This is aliteral tranflation of the Latin words guita ferena, a difeaf, by which the pa-
tient is deprived of fight, though to a(pectator, the eye does not appear to be injured 3 becauls
the feat of the diforder is in the optic nery f;alad not in the ball of the eye. This was Milton's
-
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———=¢ Thus with the year

¢¢ Sealons return, but not to me returns

¢ Day, or the {weet approach of ev'n or mormn,
¢ Or fight of vernal bloom, or fummer’s rofe,
“ Or flocks, or herds, or human face divine ;

* But cloud inftead, and ever-during dark

“ Surrounds me, from the cheerful waysof men
« Cut off, and for the book of knowledge fair

¢ Prefented with a univerfal blank

¢ Of Nature’s works to me expung’d and ras’d,
* And wifdom at one entrance quite {hut out.

The Tranflator concludes this fubje¢t in the words of the fame

great Poet, as conveying a fentiment, which a wife man mu(t deem

~ the moft effectual, if not the only real confolation under fuch an
affliction.

¢« So much the rather thou, celeftial Light,
“ Shine inward, and the mind through all her powers
“ Irradiate, there plant eyes, all mift from thence
“ Purge and difperfe, that I may fee and tell
“ Of things invifible to mortal fight.”
Milton’s Paradife Loft, Book 11T,




On the infernal formation of an Ox’s Tongue ; and on that of the Heart,
in Animals, Fowls, and Fifb.

A CERTAIN profeflional gentleman of my acquaintance, was
urgent with me to examine the formation of a cat’s tongue, but
this I deferred from time to time, wilhing rather, to inveftigate the
nature of the human tongue, which I thought would be much more
worthy of examination ; by realon, that it muft neceflarily be pro-
vided with more mulcles than the tongues of animals: for, this
will appear manifefi, if we confider how many various motions our
tongues muft exert in fpeaking, finging, or whiflling,

Not finding an opportunity to procure an human tongue, or that
of acat, I began by examining the tongues of oren, cutting from
them {imall picces, both longitudinally and tran{verfely : and, though
I thought that a complete defeription of the whole tongue would
take up too much time and labour, [ determined to give a drawing
of the fmall mulcles, and point out how they are difpofed longitu-
dinally and tranfverlely ; for, in an ox’s tongue, the nuimber of them
is incredible, and in this defeription will be feen, not only the won-
derful formation and multitude of thele minute muicles, but allo,
we fhall be fully fatisfied with regard to the manner in which the
tongue is fometimes exiended and feinetimes contracted, both in
breadth and thicknefs,

In Plate VIIL fig. 11, ABCDEFGHIK LM, reprefents a fimall
picee of an ox's tongue, cut oft from the fide, in that part where the
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tongue was thickeft. In this {mall picce are to be feen various mi-
nute mufcles, cut tranlverlely, which are reprefented between
BCKL, and DEHI; and among thefe, again, there appear
many exceedingly minute particles, alfo cut tranfverfely, which,
by reafon of their fmallnefs, could by no means be reprefented in
the drawing, but each of them may, in fact, be confidered as a
mulfcle, for if, by the microfcope, we were to diflect the before men-
tioned minute mufcles, we fhould find them compofed of fmaller parts,
like a large mulcle, when diffeéted and viewed by the naked eye.

Thefe flelhy mufcles, thus cut tranfverfely, confiitute the fub-
ftance or thicknefs of the tongue ; and the mufcles pictured at the
three places in this figure, ABLM, CDIK, and EFG H, which
are fhewn lengthwife, extend along the tongue from end to end.
And, as between the letters BC K L and DEHI, is {hewn how the
flefhy mufcles appear, when cut tranfverfely, fo at ABLM, CDIK
and E F GH may be feen their figure when cut longitudinally.

All thefe flelhy mufcles, taken together, are not larger, when
viewed by the naked eye, than the fmall piece or particle thewn at
fig. 12.

T alfo judged itright, to take off one of thefe flefhy mulcles, length-
wife, and to caufe a drawing to be made of it, to exhibit to the eye
its true formation, and alfo, as nearly as poflible, to fhew thereby,
how, in the motion of the tongue, thefe mufcles are exerted, and
how they change their figure.

Fig.3, NOPQ, reprefents this flefhy mufcle, which I took off
lengthwife, preferving the whole of its thicknefs, fo that none of its
conftituent parts were broken off, except at the extremities N O and
PQ : in which mufcle feveral bendings are to be {een.

Now, fuppofing this mulcle, placed lengthwife in the tongue, to
be contracted in bendings, we muft conclude, that the tongue then
becomes fhorter and thicker, and the mufcles which lie acrofs it, are

1
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then perfeétly firaight; and, that when the aningal extends iis
tongue, this flefhy mulcle, fig. 13, NOP Q, and all the others which
lie lengthwife in the tongue, are extended and become ftraight, and
thofe mufcles which lie acrofs the tongue are then inflected or bent
in like manner as reprefented in the former mufcle at fig. 15. NOPQ.

When this mufcle had {ftood three months before the microlcope,
it became covered with a fort of mouldinefs,* which, bearing a re-
femblance to fmall flowers, I directed the limner to imitate them
as nearly as pollible in his drawing, and they are to be feen at
RRERRRRR.

The flelhy mufcles, which in fig. 11, appear cut tranfverfely,
are, in the part lying between BC K L, four diftinct and feparate mui-
cles, and, in the {pace between DEHI, {ix of the fame kind, all of
them diftinét from each other. The parts, or {paces between them
in the figure, are no other than membranes, and particles of fat,
lying within thofe membranes. For, I never faw in fuch a mufele as
is exhibited in fig. 13, NOP Q, any vein, nor any detached particle
of fat, but every one of thefe kind of mufcles, as far as I have hither-
to oblerved, is always enveloped in a membrane, and, if the ox is
a very fat one, particles of fat will be {een in the membrane.

It fhould be remembered, that every one of thefe muicles
muft have its tendon, or terminate in a membrane which confiitutes
a tendon, and not only fo, but every oblong flefhy particle, of which
each fuch mufcle confifts, and which appear in fig. 19, NOPQ, muft
alfo be provided with a tendon, or terminate in a membrane as be-
fore mentioned, and all thefe tendons and membranes (in my judg-
ment) do, together, conftitute that part which many take only for
an inner fkin, which inner fkin, or rather mufcular part, covering the
tongue all over, is defended, as it were, by a thick external {kin:

* The fame appearance is noted by the author, when treating of the young plant in the
Coffee-bean,
Iz
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this latter fkin is eafily taken off when a tongue has been boiled, or
has lain fome time in hot water.

This dilpofition of the mufcles in the tongue is wonderful, and the
manner of their aéting inconceivable by us, and ftill more, with re-
gard to the human tongue, when we confider the variety of ways in
which the mufcles muft move and turn, to produce the effect of
{peaking, finging, and whiitling, as before oblerved.

The exertions of the flefhy mufcles in the tongue, are chiefly pro-
duced by their affuming a firaight figure, or by being infletted or
bent, contrary to the manner of the flefhy mulcles in other parts of
the body, (as far as has come to my knowledge) for their contrac-
tion and extenfion, is produced by means of the multitudes of excef-
{ively minute wrinkles or crimped up particles, of which each mufcle
confifts.

After this, I curlorily examined the tongue of an hog, to fee, whe-
ther init, the flelhy mufcles were intermixed or laid one acrols an-
other, in the fame manner as I have defaribed in the tongue of an
ox: this 1 firft infpected in the thickeft part of the tongue, on the
upper fide, where it rifes in a ridge like a back ; and, I faw not only,
that the mulcles were difpofed in the fame manner as the ox’s, but
that fome few of thofe which lay the lengthway of the tongue, in fome
places crofled each other; the tranfverfe mulfcles were the fame as
in the ox’s. Searching farther inward into the thickeft part, I there
faw many flefhy mufcles lying parallel to each other, lengthways in
the tongue ; but no others lying athwart or crofling them. I alfo
beftowed fome inveftigation on the thinner parts of this tongue, with-
out finding any thing worthy of note.

T

- I have often employed my thoughts, on the formation of the flefhy
part in the hearts of animals ; not particularly to inveftigate the courfe
of the flefhy mulcles, which I doubt not, has been fufficiently ex-
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amined and explained by others. And, though I determined, if I fhould
obferve any thing particular in that part of the fubjeét, to commit my
remarks to writing, yet, my principal objett was, to invelligate the
formation of the very malleft flefhy mulcles, and to examine whe-
ther any thing might be found therein worthy of note.

For this purpofe, I took the heart of a fheep, but, with all my
pains, I could not fucceed in {eparating or taking off any flefhy
mufcle like that defcribed at fig. 13, NOPQ, for, in the operation,
it was fo torn, and, fo many of the adjoining parts adhered to it,
that I could not then fatisfy myfelf as to the true formation of fuch
muficle ; nor with regard to the union or connection between it and
the adjoining parts.

After this, I tried the heart of an ox, cutting off many pieces, and
contriving every poflible means I could devife, to feparate a {mall
firip or oblong particle from the adjoining parts, but all to no pur-
pofe; and, at length, I found, that thefe flelhy particles were {o
linked together, that it would be impoflible to fever them without
breaking.

This concatenation, or linking together of the fielhiy parts, (which
parts, in treating of the tongue, I have called minute flefhy muicles)
in the fubftance of the heart, is of fuch a nature, that, at fir(t, 1
defpaired of being able to reprelent it to the eye by any figure or
drawing ; but at length, I fo far {ucceeded, as to exhibit a reprefen-
tation thereof to the reader.

In thefe experiments, I tried the heart of a duck, in order to fee
whether its formation, and particularly this union of the parts, agreed
with that of an ox; and I found, that the flefhy parts in the duck’s
heart, were linked together in the fame manner as in that of the ox;
and not only fo, but that i could better give a reprefentation of fuch
concatenation or linking, from tite heart of the duck, than from any
of the other fubje¢ts 1 had examined : and thereupon, I delivered to
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the Limner a microfcope, before which was placed an E?:l:‘ceding
{mall piece of the flethy part of a duck’s heart, direéting him to
make as accurate a drawing as poflible, of the object which prefented
itfelf to him.

Fig.14, ABCDEFGHIKLM, reprefents this minute particle
magnified, in which may plainly be feen, not only how every
fingle flefhy particle is united or linked to the adjoining one, but
alfo, how all the flelhy particles, fhewn in this figure, are con-
nected, chained or linked together. :

As to the vacant {paces appearing in this figure, two of which
may be feen at BCD, and HNI, we muft not fuppofe, that the
flefhy parts are fo far afunder as the drawing reprefents, for I am
fully perfuaded, that, when the heart is in its natural ftate, all the
flelhy particles of which it confifts, are fo clofe to each other, that
nothing but an exceeding thin membrane intervenes, within which
membrane the blood-veflels take their courfe ; and there alfo, may
{ometimes be feen particles of fat, efpecially where the blood vefiels
are larger than ordinary.

Farther, I always obferved, not only in the hearts of an ox and
fheep, but alfo in that of a duck, all the flefhy particles, which,
when deferibing them in fig. 13, I have called mufcles, but which
I cannot here call by that name, becaufe they are not enveloped by
membranes peculiar to themfelves; thefe particles, I fay, which
in fig. 4, are exhibited at LM or AB, I found, again to confift of
great numbers of flender oblong particles, which often feparated
from each other, and at little diftances united with other particles :
but thefe fmaller particles are not reprefented in the figure, becaufe
they had become {o dried, as not to be vifible to the Engraver.

We may now figure to ourfelves, that the particle of flefh, which
Jfig. 4. exhibits at A B, again confifts of an hundred and more oblong
particles, and, that a little above A B, they are divided into four
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parts, and thefe parts, again united with other flefhy particles.
But how often this f{eparation and reunion of parts take place, and
what courfe the particles themfelves take, 1 have not yet been able
to difcover.

Each of thefe feveral flefhy parts, of which only two are exhi-
bited in fig. 4, at BCD, and HNI, were covered with broken and
torn fragments of other parts, but thefe I direfled the Limner not
to delineate, that the concatenation, or the manner in which the par-
ticles are linked together, might be better diftinguifhed.

After I had cauled the before mentioned drawing, fig. 14, to be
made, I again examined various flelhy particles in the heart of a duck,
and, while I was thus employed, I met with one {mall piece, in
which I was convinced, that the concatenation or linking together of
the parts, would be fiill more diftin¢tly feen. This, being placed
before a microfcope of fomewhat lefs magnifying power, I delivered
to the Limner to make a drawing of.

Fig. 15, ABCDEFG H, is this piece of aduck’s heart, in which,
more plainly than before, can be feen the nature of its formation,
which will appear ftill more wonderful, if we confider, as the truth
is, that the connection or linking together of the parts, in the particle
which this fig. 15, reprefents, was, in the fubject itlelf, thrice as much
as here exprelled ; for, I could not feparate a piece of this fize from
the heart, without tearing afunder twice as many parts or points of
union as are here exhibited. This particle was taken from almoft the
outfide of the heart, and, that part which in the figure is marked
ABCD, was fituated pointing towards the {mall end or tip of it.

In order to fhew the true dimenfions of the particle reprefented,
in this laft figure, I meafured it, and found, thatthe wholelength fhewn
in the figure, between the letters EF G H, was, in its natural fize, not
more than two third parts of the breadth or thicknels of that part
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which, in the figure, appears between the letters G and H, or, the
fize pittured at X.

Seeing now, that this flefhy particle, though not in fact, larger
than the {pace between G and H, orat X, does yet confift of more
than an hundred diftin¢t oblong particles, as I can affirin from the
moft exalt computation of my own view, and, that this is not
only the cafe, in the heart of a duck, but alfo in that of an ex ; and
moreover, that each of thofe flender, oblong, component particles,

again confifis of a great number of exceliively minute particles, we

thall more and more be ftruck with wonder, at this formation of the
heart. And who can tell, inte how many {fmall particles, entirely
undilcoverable by us, thefe lafi named particies may be again divided ?

We find, that in the common mulcles of the bady, thofe fmall
mufcular parts, which conftitute a large mufcle, may be feparated
from the larger one, often without tearing the oblong flefhy
parts which compofe it, nothing being broken, except the thin mem-
brane with which the limall mufcular parts are, as it were, enveloped :
for, all thofe {lender, eblong, flefhy parts, lie difpefed in regular pa=
rallel order, befide each other; and, at their extremities, are united

to a membrane which {urrounds the mufcle, or, rather, forms the

tendon of that mufele, which in fac¢t the membrane does: hence we
may eafily comprehend, that, when any part of a commeon mufcle is
wounded, the part which remains uninjured, may fiill, in fome de<
gree, perform its functions ; becaufe, as [ have before faid, the fmall
mulcles which compofe a larger one, are only connected by a kind of
membrane :  but, on the contrary, when any one particle in the
fiethy fubftance of the heart, {uch as is reprelented in fig, 15 at

ABC D, or any other particle thourh much more minute, is wounded,
L) y I E'y )

the whole fleth or fubftance of the heart, (by realon of the intimate

union of its parts) not only futlers, but, through the vielent and con-

tinual agitation of the heart, in the protrufion or expelling the blood
3
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in circulation, it becomes weaker, and, from fo fmall a2 weund, death
muit enfue. Moreover, when [ confider, how often we find a fmall
exulceration or fore, in the hand, finger, or other part of the body, of
which we cannot perhaps trace the caule, I can eafily conceive, that
a fmall exulceration may, by fome accident,; happen in the heart,
whereby fome of the flefhy particles may be injured, or rendered
incapable of performing their fun¢tions ; whence the heart not only
languifhes, and becomes feeble, but, at length, may ceale to move,
whence fudden death enfues : and the Phyfician, not knowing the
real caufe, is led to pronounce, according to the common opinion,
that the perfon died of an apoplexy. Thefe are, however, no more
than my own conjectures.

From what I have advanced, it may naturally be concluded, that
I fhall farther lay it down as a certain pofition, that the heart cannot
fuffer any wound, without certain and immediate death being the
confequence : this, however, is not my opinion, in all eafes whatfo-
ever. For, we know, that there are many veins between the flefhy
parts in the infide of the heart, which take their courfe from thence,
and unite with the blood veflels furrounding it on the outfide ; which
blood veflels, are, throughout, and efpecially on the outfide of the heart,
covered with fatty particles ; {o that there may be inftances, where the
very extremity or point of a fword, may penetrate into the heart it-
felf, but, being in a part where thofe veins and particles of fat lie,
none of the flefhy particles of the heart may be injured, and the vein
and fatty particles alone receive the wound, together with the exter-
nal membrane {urrounding the heart: hence it will follow, that {ud-
den death may not in fuch a cafe enfue.

After this, I examined the heart of a hen, in which alfo, not with-
out pleafure, I faw the concatenation or linking of the flelhy parts,
to be exactly the fame as in the other hearts I have mentioned.

This, however, 1 obferved in the hen’s heart, that, when cutting
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it longitudinally, there appeared fome difference in the formation,
for, whereas the cavity in the hearts of oxen and theep, is provided
with a tendon; on the contrary, here, inftead of the tendon, I
found various flelhy parts, with their ramifications, {pread over the
cavity of it. 'Whereupon, I began to reflect on the great exertion,
which birds are obliged to ufe in flying, and how little they are fati-
oued, even after taking a long flight.  But, to fay any thing f{atisfac-
torily on this head, many previous obfervations ought to made.

Afterwards, I examined the heart of a cod fith, and found its com-
ponent parts linked together in the {fame manner as I have defcribed
thole of the other animals, and of the duck, to be: but when I re-
fle¢ted on the circulation of the blood through this heart, (which ap-
peared more of a flelhy than a fithy nature) and confidered, how the
blood is propelled from it, into a white body, in folidity or denfity
nearly equal to the heart, whofe particles are linked together in the
manner I have defcribed, and to how great a degree thefe particles
upon the infufion of the blood muft be extended, and how contracted
in its propulfion, I was more and more loft in admiration.

o
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On the eye of a Whale, with the Author’s obfervations on the preflure of
the fea-water al great depths.

THE mafter of one of our Greenland fhips, by name Jfuac van
Krimpen, upon a certain time, made me a prefent of the eye ofa
Whale, prelerved in fpirits of wine. This eye was not of a perfectly
fpherical figure, for its axis, in the thickeft part, was two inches and
{even-tenths of an inch in length, and the axis in the thinneft part
was not longer than two inches and an half.

That part of the tunica cornea in front of the eye, which rifes in a
globular protuberance, was two inches and an half in diameter.

The cryfialline humour was not quite of a circular figure, as we
generally find it to be in fifhes ; but on one fide, its {hape was fome-
what deprelled, and the axis thereof mealured {eventeen thirtieth
parts of an inch, but the axis of that part which was extended to-
wards the object of vifion, was about half an inch in length.

The cavity, wherein the cryltalline humour is included, was al-
moft two inches diameter. The {ubfiance confiituting the furface of,
and fuwrrounding that cavity, was fo compaét and ftrong, that I
was fearcely able to cut it with a very fharp knife.

Obferving this, I began to confider, whether the nature of this
fith did not require, that the {ubftance inclofing the cryftalline hu-
miour, Thould be {o hard and [olid ; becaufe a Whale fometimes dives
to great depths in the ocean, and, as the filh under confideration,
had run out the length of fourteen whale lines, each of which is

Kke
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an hundred fathoms long ; and, in this depth of fea, the preflure
of water on the bottom, is much greater than is commonly ima-
gined.

For, fuppofing the ocean, in any given place, to be 1400 fathoms
deep, and each fathom to contain fix feet, which is the common
mealfure, it follows, that the ocean is, in {uch a place, 8400 feet deep.

1t 1s well known, that a cubic foot of water, {uch as is found in our
canals, weighs 65 pounds, but that the fame quantity of fea water,
being in its nature heavier, does not weigh lefs than 661 pounds;
but taking it only at 66 pounds, the refult will be, that every cubic
foot of fea water, where the oceanis 8400 feet deep, does prefs on
the bottom with the weight of 554,400 pounds. And, withregard to
the whale lines, which I have faid are 100 fathoms long, I am told
that they are more commonly 120 fathoms, which gives a depth of
16,080 feet.

The fame Captain Krimpen, in a fubfequent converfation informed
me, that this Whale, having run out the length of fourteen lines, lay
on the fandy bottom of the fea at that depth, from whence it was
weighed up or raifed by means of the windlafs, and he added, that he
thould not have fucceeded in getting up this fifh, unlefs the line,
which by the harpoon iron was fixed in it, had alfo got a turn
or two round the tail, by which means, the Whale was brought up
to the furface, the tail foremoft.

The weighing up this Whale, was at firlt {o difficult and laborious,
that fix men at leaft, were neceflarily employed in heaving at the
windlafs, and no lefs than fix hours were fpent in the operation.
But, when all the lines fave one, were hove in, the labour became as
nothing ; for which latter circumftance, I affigned to Krimpen, this
twofold realon, that the preflure of the water on the Whale was then
greatly diminifhed ; and, that the fifh abounding with oily or fatty
parts, which are lighter than water, would have a tendency to be
buoyant, 1
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Let us now fuppofe, the eye of this Whale, in that part of it which
was expofled to the fea water, to contain fix fquare inches in its {u-
perficies, we may jufily fay, that when the filh defcended to the
depth of fea we have mentioned, the preilure on its eye muft be
equal to eg100 pounds weight. For, fix fquare inches are the
twenty-fourth part of a fquare foot, and, if the preflure on a fquare
foot, at the before mentioned depth, is 554,400 pounds, it follows,
that the twenty-fourth part, will fuftain a preflure of 2g100 pounds,
which is one ton, {ix hundred, and a quarter of a hundred weight.

Seeing then, that fix {quare inches of fpace, at the bottom of the
fea, where it is 8400 feet deep, do endure a preflure of water equal
to 23100 pounds weight, it is no wonder that the fea in the Bay of
Bifcay is not to be fathomed by the lead. For, if the fea water, at
the depth we have mentioned, prefies on the bottom with the weight
we have computed, it follows, that in {ome parts of the ocean, which
are at leaft eight times that depth, the preflure muft be eight times
as much.

Hence we may fairly infer, that a weight, althmrghuf fead, fuch as
that which feamen call the deep-fealead, cannot, where the depth is
fo very great, touch the bottom, or atleaft, not in a manner to be
perceptible, not only on account of the very great preflure on the
lead, Dbut aifo, on account of the much greater preflure on the lead-
line, by realon of its great length, which line itfelf is not much
heavier than the fea water ; {o that the prefiure may very naturally be
fuppofed to prevent the lead reaching the bottom. Again, it muft be
confidered, that the ocean, though no current may be vifible on its
furface, yet is never at reft; fo that though the lead, when calt,
feems to fink firaight downwards, yet it may be carried away by
fome fubimarine current, far from the man who heavesit, and the
line may be bent and twified many ways, by ail which means, in
fuch great depths, the lead may be prevented {rom reaching the bot-
tom. DBut to return,
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The cryftalline humour in this eye, was fo clofely joined to the tu-
nica cornea, as to force it out into a kind of globular extuberance or
rifing, which appearance feemed very ftrange to me, having never
obferved the like, in any fifh or animal.

I took off a piece of the tunica cornea, rather more than an inch in
diameter, and, after leaving it a while to dry, I cut it by an oblique
incifien into flices, in order to count, with greater facility, the num-
ber of thin membranes of which it was compofed, and I found, that
it confifted of, at leaft fixteen or eighteen of thofe thin membranes,
laid one on another.

This tunica cornea, was lined on its infide, with a black membrane,
every where entirely impervious to the light, excepting an oval aper-
ture immediately in front of the cryftalline humour, through which
the light was tranfinitted ; this alfo was to me an unufual appear-
ance. This oval aperture was in length half an inch, and in breadth
lomewhat lefs than a quarter of an inch.

From this laft oblervation, a thought occurred to me, whether the
whale has not a power of enlarging and contracting this aperture at
pleafure, fo as to alter the manner of its vifion, as occafion may re-
quire. The fame power of dilating and contraéting the pupil, I re-
member to have oblerved in the eyes of a cat.

I then employed myfelf, to extra¢t the membrane which covers
the back part of the eye, and to examine the optic nerve ; this I
found to be no larger than the optic nerve in the eye of an ox, but
I noted this fingular circumftance attending it, that in many places,
and [ eafily counted as far as twenty five of them, I faw adhering to
the membrane, arteries and nerves, which iflued from the part
through which the optic nerve pafles. Some of thele, were about
the fize of a common pin, others much larger.

Thefe are the matters, which appeared to me v»-:}rtm,fﬂf'note on this

sccalion, though, if it were poflible to obtain the eye of a Whale when
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newly taken out of the head, I doubt not, that our enquiries might be
profecuted much farther, and that, confequently, greater {atisfaction
might be procured in the inveftigation.

If we confider the propagation of the Whale, by comparifon with
that of the fimalier fith, we {hall be led to admire the wife difpofition
of Nature in this refpe¢t. To inftance in the common thrimp ; every
one of them may be denominated a female, for they all, without
exception, propagate their {pecies by eggs; and that, in {uch
numbers, that once, when I began to count the eggs on one
Ihrimp, I had not got half way through the mals of them, before I
was tired, and gave up the attempt. Such a vaft number of egys,
produced by one {mall fith is wonderful, efpecially if we confider,
that every one of thefe minute eggs is nourifhed by a blood veflel.
Now the larger fith, which devour the fmaller, fuch as the Whale,
the porpoile, and the fword fifh, are not propagated by ecgs, but
bring forth their young perfectly formed ; for if thele kind of filh
increafed fo abundantly 2s the others, the fmaller fiflh would every
one be devoured by them. The Whale in particular, brings forth
only a fingle young one at a time, and is provided with two breafis
filled with milk, and fuckles the young, after the mamner of terref-
trial animals.

I have {fometimes, when reflecting on the enormous bulk of thole
Whales which were taken at the beginning of the Whale filhery, and
on thofe huge bones of Whales, which are in many places fixed up
for public view ; I have, I fay, on thele occafions, conjectured, that
probably thofe Whales might be of the age of a thoufand years and
upwards. For I am perfuaded, that fithes never die of old age, for-
afmuch as their bones, being always of a {oft texture, which never
grows hard, may always be extended, fo that the filh themfelves
are always growing larger. DBut, terrefirial animals are expoled to
the changes of the atmofphere, whereby their bones grow hard, and
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when the bones are hardened, the body of the creature cannot be ex«
tended to a larger fize.

Having once, with the alliftance of an able geometrician, and by
the eye with the help of quadrants, meafured the height of the tower
of our new church in Delft, we found it to be egg feet.* So that the
depth of the fea, to which the Whale I have mentioned defcended,
was twenty-fix times as much as the height of that tower.

* The London reader will be better able to judge of thefe altitudes, (the word altitude
taken in the fenfe of the Latin, eltituds, from which it is derived, fignifies both height and
depth ) by comparing them with the Church of St. Pauls or the Monument: the former of
thefe is about 500 feetin height, and the latter 200 ; o that if we call the height of the fteeple
at Delft 300 feet, the Church of St. Paul's is two thirds higher, and the Monument one
third lower than that fteeple.  And the depth of fea from whence the Whale was railed, was
equal to forty-two times the height of the Monument; and more than fixteen times the height
of St. Paul’s.
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Of the Quills ufed in writing, and their feathers : on human hair, and
the hair and wool of animals.

M Y reflections on the nature of thofe Quills with which we write,
as allo on the general make of the feathers of birds, led me to an
inquiry into the manner of their formation ;- which at length I dif-
covered, and found, that Quills are compoled of fireaks, or more
properly fpeaking, veflels. Thele veflels, in every Quill, are three-
fold. The firft, or external ones, which confiitute but a fmall part
of the Quill, are parallel to its length: the fecond, which are
in a much larger quantity, take their courfe round about the
Quill, within the former ones : thefe fecond fort of veflels are not
fo clofely united as to form what may be likened to a folid body, but
lie one on another like fcales or coats, in fuch manner, that the dif-
ferent layers of them may be plainly perceived: the third fort of
vellels, which compofe the thickeft or greateft part of the Quill, lie
lengthwife, in like manner as the firlt mentioned ones : this third
fortof veflels, are allo difpofed in the manner of i?::alj,r parts laid one
on another ; and, confidering the thinnefs of a Quill, and the large
cavity it contains, its formation is, in my judgment, the moft perfect
that could be contrived ; for, hereby it is made tough and firong,
both in its circumference, and in its length. To exhibit the nature of
it to the eye, I caufed a drawing to be made of one.

In Plate IX. fic.1, ABCDEFG, reprefents a common goofe
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Quill, drawn fmaller than the natural fize. At ABG, are repre-
{ented thofe vellels which compofe the external part of the Quill, and
lie in it longitudinally ; BCF G, are thofe which take their courfe
round about it ; CDEF, are the veflels, which, like the firft men-
tioned ones, are placed the length way of the Quill.

From thefe obfervations, I difcovered the reafon, why fome Quills
when they are {plit lengthwife, in that part where they are hardett,
form a kind of indented or jagged part in the fiflure ;* namely, be-
caufe thofe veflels, whofe courle is round the Quill, are not all
broken in an even ftraight line ; efpecially, as I faid before, where the
Quill is hardeft : and where thefe veflels are heaped together in greater
quantities than in other parts. Therefore, to prevent this accident,
when the Quill is fo very hard, it is neceffary to fcrape it a little
with the pen knife, by which means, in the {plitting, it will be firaight
and even.

I have frequently, by the microfcope, contemplated that part of thefe
Quills which is called the feather, and alflo the feathers of fmall birds;
and always viewed them with admiration ; not only on account of
the multitude of parts to be feen in them, but alfo, by reafon of the
great numbers, and extreme minutenefs of the vellels, of which, not
only the whole feather, but every little part of it is compofed.

To exhibit to the view, the great numbers of veflels of which the
feather confifts, I placed a {mall piece of one before a microfcope,
and a drawing of it is given at fig. 2, LMNOPQ.

In the preceding fg. 1, DHIKE exhibits part of the feather of
the common writing Quill, fmaller, as before obferved, than the
natural fize. AtK, is reprefented a finall part of the feather, a piece
of which, feen by the microfcope, is fhewn at fig. 2, for, if the whole

# ‘This moft commonly happens in thofe Quills which have not bezn, what is called
elarified, or when the Quill is fplit near the feather ; this jagged fhape of the fplitis well
known to fchool boys, and is denominated by them, ecats teeth.
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of this piece were to be drawn when magntfied, it would appear I:u*g{‘r
than the whole feather, feen by the naked eye. When this {mall
part of the feather is viewed by the microlcope, it will appear, how
every one of its parts confifts of a great number of {maller feather
fhaped parts, all which parts are fo connected or knit together, as to
give firength to the whole feather.

The reader, here, mult underftand, that the particle or piece
which is fhewn magnified at fg. 2, LMNOPQ, is not, in fact, fo
big as a large grain of fand : and further, that this particle received
nourifhment in its growth, no otherwife than by fmall veflels : the
reader alfo will advert to fig. 3, RS, which is drawn from a micro-
fcope of greater magnifying power, and is ftripped oft from the fide of
fig.e, at MNO, and allo to fig. 4, TV, which is taken from the fide
of fig.2,at QP O.

AtLMQ, is reprefented a part, bearing the appearance of glo-
bules, of which the interior fubftance of this fmall particle of a fea-
ther is compoled, which agrees with the formation of the correlpond-
ing part in the entire feather of the Quill, pictured at fg. 1.

In the figures g and 4, by R and T, are reprefented fome {mall
veflels broken or torn alunder.

All thefe fmall particles, each of which may be called a minute fea-
ther, not only ferve to give ftrength to the whole feather, but are fo
contrived, that in the bird’s flight, thele particles remain fo clofely
joined together, as to enable it to make a firong impreffion on
the particles of air, by the exact and regular order of the component
parts of the feathers. For otherwife, birds would not be able to fup-
port themfelves in the air.  All thele particles, as I faid before, lie
in molt exalt order beflide cach other, which has induced me
frequently to contemplate them, as alfo on acccunt of the innumera-
ble multitudes of veflels of which the Quill confifts.

From this inftance, in the formation of the feathers of birds, we

Lle
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may obferve, that provident Nature, if not in all, at leaft in many
things which come under our inveftigation, performs her operations
with the greateft uniformity ; for, in like manner, the cryftailine hu-
mour of the eyes, not only of men, but of the larger terreftrial ani-
mals, and allo of fithes, as far as | have examined into them, con-
fifts of a kind of fcaly parts, laid one on another : {o likewife the tu-
nica cornea or horny coat of the eye, which coat, I at firft conceived
to be compoled of only three diftinét membranes, but afterwards, on
a more accurate inveftigation, 1 found to confift of an hundred
membranes, laid one on another like fcales. And I conclude that
this formation is defigned, not only to give the coats of the eye a
great degree of {ftrength and firmnefs, but alfo, that if one of the
membranes fhould be hurt, the others may elcape uninjured.

e TR

It is the opinion of many, that the hairs on the bodies of men and
animals, are hollow, and fome think, that they contain in them a
marrow like the bones; but thefe opinions are erroneous. Hairs
are formed with a kind of coat, which is analogous to the bark
of trees, and their internal fubftance confifis of fireaks or fibres.
Their growth, is not like that of plants, but is produced by a-
kind of propulfion, that is to fay, that the part which one ddy
is within the fkin, and is as it were, the root, in a day or two,
is thruft out beyond the fkin : and as, when the hair firft comes forth,
itis, in all its parts, very moift, as foon as the moifture begins to
evaporate, the coat or bark of the hair, and the fibres adjacent to it,
acquire a degree of firmnefs which prevents the hair from contraéting:
inwards, whence it comes to pafs, that, as the internal fibres continue
to dry, and thereby become thinner, they are divided afunder, and
recede {rom- each other, fometimes forming one, and fometimes
more chinks, exhibiting a kind of darkilh furrow or furrows, which,




( 275 )

doubtlefs, is what has been taken for the marrow of the hair. All
this will be better underftood from the following figures.

Fig.5, ABCD, is a piece of an hog’s briftle, which I cut by a
tranfverfe fection; EEEE, are the chinks or cracks, arifing from
the drying of the hair as above mentioned, dnd this hair is burft or
cracked, in the infide, more than ordinary. Fig.6, FGHI, is a
piece of the fame hair, {fomewhat nearer the fkin, allo cut tran{-
verfely, in which, there are not many cracks, or chinks, but only
one, which is, however, fo large, as to exhibit the appearance of
a hole or cavity in the hair, as appears at KL M, and any one, upon
fecing fuch an hair as this, would certainly conclude, that the ca-
vity here feen, was not accidental, but the natural form and make,
and confequently, that all hairs are holiow. Fig. 7, NOPQ, is an-
other piece of an hog’s briftle cut tranlverfely, from which I fuppole
the moifture had evaporated {o flowly, as not to leave the lealt appear-
ance of a chink or crack : fig. 8, isa perfectly black hog’s briftle cut
tranfverfely, and, as it exhibited a pretty appearance, I have given
a drawing of it. And, though the roughnefs, which is on the edge
of the {harpeft razor, frequently leaves {cratches on the face of the
hairs thus cut tranfverfely, I almoft wholly avoided that appearance,
for which reafon, I was better able to point out the fireaks or fibres
of which the hairs confift. )

From the preceding figures, it will appear, how much thofe are
miftaken, who will have it, that all hairs are round, whereas we ought
rather to {ay, that every hair has a figure peculiar to itfelf.

It is my opinion, that the hairs on man’s body, do, at certain fea-
fons, fall off, and are again renewed, like the feathers on birds ; at
leaft, I have experienced this to be the cafe with myfelf every fpring,
(excepting the hairs on my head and beard) and I have obferved,
that thofe hairs which feemed ready to fall off, could be pulled out
with a {fmall pair of pincers, and not caufe that pain which attends
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the plucking out a hair that is firmly fixed ; and I have farther
obferved, that thofe hairs which are pulled out by force, have large
thick roots, whereas, the roots of thofe which are near falling off,
are very Imall and pointed.

Fig. 9, ABCDEY¥G, and HLMNPQ, are two very fmall hu-
man hairs with their roots ; in thefe will be feen, that the points or
imall ends of them, at G and Q, are fomewhat bent, which I attri-
bute to this, that the points, when thin and tender at their firft ex-
pulfion from the fkin, had met with fome obftacle in their growth,
which not being able to penetrate, they were bent obliquely : It is
not ufual to {ee hairs bent at the {mall end, in the mamner thewn at G,
but they moft commonly appear as at Q.

AB, and HL, are the roots of thele hairs, which do not appear
lolarge, if the hair falls oft of itfelf, but, when a hair is pulled out by
force, the root appears much larger than the hair itfelf, asis {hewn
in this figure.

The bending of the hairs I have noted above, may very eafily be
occalioned by their meeting with fome obfiruction in their growth.
and having obferved a hair on my arm, which was very much bent,
I pulled it out, and placed it before a microfcope, in order to {hew
its figure in a drawing.

Fig. 10, ABCDEF G H, exhibits this hair, in which, ABC is the
root, and at AC may be feen a fmall portion of the cuticle or outer
{kin, which adhered to the hair. DEF, indicate a confiderable bend-
ing in the hair, and at GEH is {hewn a much greater bending, or
rather, an entire circular curve.

I have faid, that hairs are covered with a coat or bark, in like
manner as trees, and that, however {iall, they are compoled on the
infide of oblong parts or fibres, and I am perfuaded, that there is no
difference between fheep’s wool, which is the {malleft kind of hair,
and the hairs of men and animals, except, that {heep’s wool confifts

4
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of a lefs number of internal fibres. In order to fatisfy myfelf in
this refpe@, I often broke pieces of wool, and endeavoured to
{plit them into {maller parts, wherein at firft I was unfuccefsful, but
at length I found means, not only, diftinétly to {ee this formation
mylelf, but alfo to exhibit the fame to the view of others.

I therefore delivered to the Limner three microfcopes, direting
him, to make drawings of the obje¢ts he faw.

Fig. 11, KLMN, reprefents a imall piece of white fheep’s wool,
in which, at L and M may be feen, that it confifis of a great num-
ber of fmaller hairs, (if we may call the interior parts of the wool by
that name ;) and who can tell, whether each of the particles, thewn
at L M, may not again confift of a great number of ftill fmaller par-
ticles ?

This piece of white fheep’s wool, was very tranfparent before it
was broken, or cracked ; but, at L and M, where many of its oblong
component particles are broken or fevered alunder, it appeared quite
opake, and more of a black colour than tranfparent.

Fig. 12, OPQ, reprefents a piece of white wool, placed before
another microfcope ; this piece is broken or burft open only in one
place, where alone the internal parts appear, and at Q onlv two of
thofe internal parts can be {feen, whereas, in the piece piftured at
fig. 11, all the internal fibres are divided afunder.

Oblerving one of the hairs on my arm, to be not only much
broken or worn away, by the fri¢tion of my fhirt, but alfo the inter-
nal parts to be feparated from each other, 1 pulled out the hair, and
placed it before a microfcope : this piece of broken hair, magnified,
is repreflented at fig. 13, RS, wherein at S, which is the part worn
or fretted away, lome fmaller particles appear, being the fmall fibres
of which the hair confifts.

The preceding experiments and obfervations, will, Itruft, refute
the erronceus opinion I have mentioned, that the hairs on our bodies
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are hollow within, and, if hair and wool, (which is the hair of fheep)
were not compofed of many mmute hairs or fibres, they would not
have that ftrength and toughnefs which we obferve in them.

‘Sometimes, in human hairs, and efpecially in the very middle
of them, I have obferved a dark line: particularly in feveral of the
hairs taken from my own beard: and when I attentively exa-
mined this dark line, 1 found it to confift of fuch minute and {lender
particles, as to be almoft undifcoverable even by the microfcope.
Examining {fome very {mall hairs, of three, four or five days
growth, and finding fome to be throughout quite tranfparent, others
darkened only in a very {mall degree, and finally, others with no
more than a {fmall dark {pot on them, I began to confider, whether
this dark fhade in the hairs, might not proceed from fome particles
of blood in the fubftance of the hair, and there dried.

To give the reader an idea of this dark line, I caufed a drawing to
be made of a piece of a fingle hair, which I concluded to be of three
days growth ; this is to be feen at fig. 14, O PQRST VW, in which
at QRS and VW O, are the two ends where the piece of hair was
cut with a knife: from W to P, or as far as T, the dark line I have
mentioned extends, which I have mentioned to be vifible in {ome
hairs, and in others not fo confpicuous. Laftly, between R and
T P are reprefented thofe dark {pots, which are to be obferved in
other hairs.
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Tue TRANSLATOR, to THE READER.

IF this tranflation is a faithful one, I doubt not that the Reader will
be led to admire the extenfive range of the Author’s refearches, and
the pains he takes to make his difcoveries intelligible to all; and
thofe who compare his defcriptions with the produétions of Nature
at this day, will be equally pleafed to obferve their exaét coinci-
dence.

But, though I think it may fairly be faid, that the works of Mr.
Leeuwenhoek are, uponthe whole, fuperior to any that have appeared
upon Microfcopical fubjects, I do not mean to fay, that there are no
inftances, in which others have not been equally {uccefsful. A coun-
tryman of our own, Dr. Robert Hooke, who was a cotemporary of
the Author, and Secretary to the Royal Society foon after its firft
inftitution, publifhed feveral Effays, containing his difcoveries by the
Microfcope, with many very judicious and ufeful remarks. In fome
of thefe, Dr. Hooke has handled the fame fubjeéts as our Author,
and I fhall take occafion, here to introduce a paflage from that Book,
wherein fome of the particulars refpecting I'eathers, mentioned in
the preceding Efflay, are more minutely delcribed than by Mr.
Leeuwenhoek. *

« Examining feveral forts of Feathers, I took notice of thefe par-
“ ticulars in all forts of wing-Feathers, efpecially in thole which
«“ ferved for the beating of the air in the a¢tion of flying.

“ That the outward furface of the Quill and fiem was of a very
¢ hard, fiiff, and horny {ubfiance, which is obvious enough, and
« that the part above the quill was filled with a very white and light
« pith, and, with the microfcope, I found this pith to be nething
“ eife but a kind of natural congeries of {mall bubbles, the filrus of

* Hooke's Micrographia, p. 163, Edit. 1657,
Mm
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« which feem to be of the fame fubftance with that of the quill, that
“is, a fff’ tranfparent homy fubftance.

« As for the make and contexture of the down itfelf, it is indeed
« very rare and admirable, and fuch as 1 can hardly believe, that
« the like is to be difcovered in any other body in the world; for
“ there is hardly a large Feather in the wing of a bird, but contains
« near a million of diftin¢t parts, and every one of them fhaped in
“ a moft regular and admirable form, adapted to a particular defign :
« for, examining a middle fized goofe quill, I eafily enough found
“ with my naked eye, that the main fiem of it contained about goo
“ longer and more downy branchings upon one fide, and as many on
¢ the other of more {iiff but fomewhat fhorter branchings. Many
“ of thefe long and downy branchings, examined with an or-
“ dinary microfcope, I found divers of them to contain near 1200
“ fmall leaves, (as I may call them) fuch as EF in the figure*
“ and as many ftalks: on the other fide, fuch as IK in the fame
“ figure, each of the leaves or branchings, EF, feemed to be di-
« vided into about fixteen or eighteen fmall joints, as may be feen:
« plainly enough in the figure, out of moft of which there feemed
“ to grow {mall long fibres, {uch as are exprefled in the figure, each
“ of them very proportionably fhaped according to its pofition, or
« placed on the ftalk E F; thofle on the under fide of it, namely,
“1,2,3,4.5,6,7.8,0, &c. being much longer than thofe direétly op-
““ pofite to them on the upper ; and divers of them, fuch as 2,3, 4,5,
“6,7,8,0, &c. were terminated with fmall croeks, much refem-
“ bling thofe fmall crooks, which are vifible enough to the naked:
“ eye, in the feed-buttons of burdecks. The ftalks likewife, I K, on.
““ the other fide, feemed divided into near as many {mall knotted
“ joints, but without any appearance of firings or crooks, each of
“ them about the middle K, feemed divided into two parts by a kind

* Plate IX. fie. 1c.
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of fork, one fide of which, namely, KL, was extended near the
“ length of KI, the other, M, was very fhort. _

« The tranfverfe fections of the ftems of thefe branchings, mani-
¢ fefled the fhape or figure of it to be much like INOE, which con-
¢ fifted of a horny kin or covering, and a white [eemingly frothy
« pith, much like the make of the main fiem of a Feather.

“ The ftems of the downy branches IN OE, being ranged in the
« order vifible enough to the naked eye, at the diftance of IF, or
‘“ fomewhat more, the collateral ftalks and leaves (if I may fo call
¢ thofe bodies I newly defcribed) are fo ranged, that the leaves or
¢ hairy ftalks of the one fide lie at top, or are incumbent on the
« ftalks of the other, and crofs each other, much after the
« manner expreiled in the figure, * by which means every one of
¢ thofe little hooked fibres of the leaved ftalk gets between the
« naked ftalks, and the ftalks being full of knots, and a pretty
“ way disjoined, fo that the fibres can eafily get between thein,
“ the two parts are fo clofely and admirably woven together,
“ that it is able to impede, for the greateft part, the tranfcurfion of
“ the air; and though they are fo exceedingly fmall, as that the
¢ thicknefs of one of thefe fialks amounts not te a gsooth part of an
« inch, yet do they compole {o {trong a texture, as, notwithftanding
“ the exceeding quick and violent beating of them againft the air, by
« the ftrength of the bird’s wing, they firmly hold tozether. And it
¢ argues an admirable providence of Nature in the contrivance and
« fabrick of them ; for their texture is fuch, that though by any ex-
* ternal injury the parts of them are violently disjoined, fo as that
“ the leaves and ftalks touch not one another, and coniequentiy ie-
¢ veral of thefe rents would impede the bird’s flying ; yet, for the
“ moft part, of themfelves they readily re-join and re-contex them-

-

-

* Plate IX. fig. 16,
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« felves, and are cafily by the birds firoking the Feather, or draw-
“ ing it through its bill, all of them fettled and woven into their for-
« mer and natural pofture ; for there are fuch an infinite company of”
« thele fmall fibres in the under {ide of the leaves, and moft of them
¢ have {uch little crooks at their ends, that they readily catch and hold
« the ftalks they touch.”

Here we fee a perlect agreement between thefe two valuable wri-
ters, in defcribing the {ame fubject, with this dilference only, that
the Englith author has more minutely deferibed that curious part
in Feathers, which Mr. Leeuwenhoek only mentioned {lightly; I
mean the contrivance of Nature, whereby the feveral minute
Feathers compofing the larger, are knit together fo firmly as to bear
the ftrong exertion of the bird in flying, without yielding a paflage
to the air.

The {ame Author, in treating of hair, has thele words, ¢ The
“ root of the hair was pretty {mooth, tapering inwards, alimoft like
« a parfnip, nor could I find that it had any filaments, or any other
« veflels, fuch as the fibres of plants.

« The top when {plit (which is common in long hair) appeared
¢ like the end of a ftick, beaten till it be all flittered, there being,
« not only two {plinters, but fometimes half a fcore and more.

“ ¥or the briftles of a hog, I found them to be, firft, a hard
<« tranfparent hornry {ubltance, without the leaft appearance of pores
« or holes in it, and this I tried with the greateft care [ was able,
“ cutting many of them with a very fharp razor, fo that they ap-
« peared, even in the glals, to have a pretty fimooth {urface, but
““ fomewhat waved by the fawing to and fro of the razor, as is vifi-
“ ble in the end of the prifmatical body A in the figure.* The fhape
« of the briftles was very various, neither perfeétly round, nor fharp
“ edged, but prilmatical, with divers fides, and round angles as.
« appears in the fame tigure.

* Micrographia, po 157, + Plate IX. fir. 135




An extraordinary quantity of Fifb on the fea coaft near Delft, noted by
the Author, with the reafons affigned by him for the fame.

IN the months of April and May 1716, there were brought to our
town of Delft, from the fea coafts at Schevling, Catwick, and Ter-
heid, a great quantity of the fifh called haddocks, which, though
very frefh and good, were {old at a low price. The glut of this filh
was fo great, that though in general they are caught with hooks,
they were on this occafion, taken in nets.

Seeing this, I confidered, that there muft be fome particular rea-
fon, why thefe fifh fhould at that time refort to our coafts in fuch
multitudes, and I was afterwards confirmed in that opinion, for in a
month or two afterwards, not one of thofe fifh was to be taken : and
the reafon which 1 afligned to myfelf for the abundance I have men-
tioned was, that at that time, there was a greater quantity of food
for them on the coalt than ufual, whereby they had been tempted
thither.

In order to inveltigate this matter, I opened the ftomachs of many
haddocks, and found them to be filled with a certain {mall {pecies of
fhrimps, called by our filhermen meutjens, which are taken among
the common fhrimps, and are uled for food by people living along the
thore.

About a fortnight afterwards, on examining the ftomachs of the:

‘haddocks, I found {ome of them quite empty, and others not more
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than half filled with the before mentioned fmall fifh ; and fo much was
the glut then diminifhed, that few or no haddocks were taken. Upon
enquiring the reafon of this diminution from a fifherman, he anfwered
only, that every fort of filh had its feafon, though I fhould rather
have faid, in the words of Icripture, * that where the food is, there
will the eagles be gathered together.”

At the time there was this glut of haddocks, there was a great
quantity of cod fifh caught on our coaft, the reafon of which I
took to be, that thefe cod flocked to our fhores in purfuit of the
haddocks which are their food. '

About the beginning of October, in the fame year, there were
taken on our coafts, great quantities of the common fhrimps, and
thofe in better condition than they are generally found in the fum-
mer time. Hence I concluded, that the haddocks would again re-
fort to our coalts, and that the fhrimps, to avoid them, would crowd
in greater quantities to the fhores and fhallows.

To fatisfy myfelf in this refpect, and that I might learn what
particular kind of food is ufed by the haddeck, I caufed the entrails
of a very large one to be brought to my houfe; but, to my great
furprize, 1 found not only the ftomach, but the inteftines adjoining
it, to be entirely empty of food.

I enquired of a fifhwoman what might be the reafon of this, who
gave me the following anfwer: Our fifhermen (for fhe lived at
Delftshaven) have a pond or ciftern, lined at the bottom and on
the fides with timber full of holes, fo that the water freely pafles in
and out with the tide ; and the fifh being kept in this ciftern, can at
all times be brought to market alive and vigorous. But the fifher-
men fay, that when the haddocks are thrown into this ciftern, they
immediately empty their flomachs of all the food they have {wal-
lowed. :

Hereupon, I examined a little of the matter or fubftance contained
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in the inteftines at a confiderable diftance from the ftomach, and
I found the fame to confift of fragments of fhrimps mixed with
many particles of fand, rather larger than the fand found on the
fea thore, and which particles of fand I concluded the haddock had
picked up with the fhrimps from the bottom of the fea, and had
fwallowed down both together. Among thefe grains of {fand, 1 {faw
many fhining particles, {ome thoufands of which, laid together in an
heap, would not equala largc grain of fand : thefe were all of different
{hapes, but, in every one of them, the fides, angles and points,
were fo finooth and glittering, as to be very little inferior in beauty
to the moft polifhed diamonds. At firft, 1 fuppofed them to be no
other than common falt, but I found them to be much more hard
and folid than our falt. After I had fteeped them a fhort time in
rain water, I could ftill diftinguifh fome of them, though much di-
minithed in brightnels; others of them, feemed to be partly dif-
{olved, and to be furrounded with {maller particles : thefe latter, I
concluded to be, fiill more minute falts, which, in diffolving, had
feparated from the larger ones, and afterwards concreted in clufters,

In the month of November in the fame year, there was another
great draught of haddocks on cur coaft, whereupon I went to the
fifh market to examine the inteftines, when newly taken out of the fith:
I found moft of the flomachs to be empty of food, but fome re-
mains thereof in the inteflines; and, as at the fame time, great
plenty of cod fith were caught, I judeged that the haddocks, avoid-
ing the purfuit of the cod, and thefe purfuing the haddocks, was the
reafon, that both were taken in fuch abundance.

Thole perfons, who are very nice in their tafte, prefer the had-
docks brought to us from Maeflandfluys, to thofe that are brought
ftraight from the fea fhore, though both are taken near the {ame
tra¢t in the ocean. Upon confidering with myfelf, what might be
the reafon of this difference, I could not aflign any more probable
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cne than this, that thofe haddocks which are brought ftraight from
the fea fide, are, as foon as taken, thrown into balkets, to the num-
ber of eight or ten in each bafket, and die, thus heaped together,
before they are expofed to fale: whereas, the filhermen at Maef-
land{luys, keep their fith for a time in thofe cifterns I have de-
fcribed ; and the filhermen of Delftthaven, have allo a kind of fith
trunk or well in their boats for the like purpofe. Therefore, the
fith which are thus kept alive without food for two or three days
after they are caught, are of a much better tafte.

The fame is experienced in river fith, efpecially trout, which,
when caught in the fummer time, are unpleafant to the palate,
tafting of the herbs on which they feed, but, if kept a few days in
ftew ponds, cifterns, or other fit receptacles, are much improved in
flavour. :

But to return to the fubject of the filh market, I obferved a large
cod fifh, very much diftended with a quantity of food, namely,
haddocks, which it had devoured, when fome of the fmaller cod
lying near it, appeared empty. Hereupon, I enquired of an old
filherman, whether thofe cod fifh, which were {o diftended, did not
differ in tafle from thole, whofe ftomachs were empty ; to which he
anfwered, that thofe cod were to be preferred, whofe bellies were
compact or clofe. This is a phrafe among filhermen, applied to
thofe filh whofe roes are not very large, and whofe ftommachs are
very little, or not at all diftended with food.
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Of tle Nutmeg ; the young plani in it difcovered ; the root of the Nui-
meg-tree examined and deferibed ; with fome Fints from the Autbor
refpecting the beft method of preferving Nutmegs from being injured
by infeéls.

Hﬂv[}fﬂ, at many different times, employed myfelf in the exa-

mination of Nutmegs, in order, if poflible, to difcover the young plant

of the future tree (which, I was well aflured they contained} but

always without fuccefs, I at length received, from one of the Di-

" reftors of the Eaft India Company, refiding in our town, a few

Nutmegs, and alfo a parcel of powder or dufty matter, which had

been found adhering to fome of the nuts*, to the intent, that I

might examine them, and fee whether this powder had not been

enawed or bitten off the nuts by mites.

With the greateft accuracy I was able, I examined this dufty
matter, and, with all my attention, I could not difcover in it any
mite either alive or dead, but in fome of the Nutmegs which had
been in part eaten away, I found feveral fmall maggots of different
kinds, and alfo a few flying infects which I concluded had been bred
from maggots of the fame fpecies; but the bodies of all thefe
creatures were fo much fhrivelled, that I concluded they had been
long dead, and that, not being natives of thele regions, they could
not endure the cold of our climate. .

# This valuable fruit or fpice, which, in Englith, is called by the fingle word Nutmeg, is
in Dutch denominated Noot Mufcaat, herein agrecing with the botanical Latin name Nux
mofchata, the Mufk-nut; it is alfo denominated Mux ‘myriftica, the odoriferous or fweet-
fmelling nut,
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I next went to our Eaft India Company’s warchoufe, at the time
the oflicers emploved to fort the [pices were buly in allotting the Nut-
megs according to their qualities, and I brought home with me, two
or three handfuls of the refufe thrown away: any one upon view-
ing this with the naked eye, would eafily be led to conclude,
that it contained mites, but with my utmoft attention, I could not
difcover any mites, much lels their eggs, and only a few of the dead
inlects I have before mentioned. I alfo brought home ten or twelve
of the moft damaged Nutmegs, which felt very light in-the hand, and
were much fhrivelled : upon examining thefe carefully, 1 found that
moft pait of the dult or powder, which upon a curfory view might
be taken for mites, was nothing elfe than the duft of the Nutmegs,
and the excrements of maggots which had almoft entirely feooped
out the infides of thole nuts.

In the examination of thefe and other Nutinegs, it appeared to me,
that thofe which had been gathered unripe, were the moft liable to be
devoured by maggots, becaufe the oily matter in this nut, which per-
vades its fubltance in fireaks like the veins of marble, and covers the
outward bark in like manner, is contrary to the nature of thele mag-
gots ; for when I cut open the nuts wherein they were, I found the
oily part every where uninjured, and on the contrary, all the whitifh
part of the nut confumed, fo that thofe oily parts lay within the nut,
exhibiting to me, as it were, a labj.-'rinth of turnings and windings,
whereas, the unripe nuts, where the oily {ubftance was not completely
formed, were in the infides, quite confumed; I alfo perceived the
external coat of the ripe nuts in fome places bored or eaten through,
but in my opinion, when the maggots reached the parts were the oil
was fully ripened, they defifted from farther biting, and only devoured
that part where the young plant is fituated, and which is the thickeft
partof the nut.

I was much furprifed, that I could not difcover any mites among
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the Nutmegs, becaufe there is rarely any fubftance that ¢an be ufed
for food, where they are not to be found.

I determined therefore, to examine whether mites fed upon the
Nutineg, and therefore I placed about a quarter of a nut, among
a parcel of mites, when I perceived that they fled from it.

Moreover, I took a glafs tube, fomewhat larger than a fwan’s quill,
one end of which I fiopped with a cork, and, after putting into the
glals forue hundreds of mites, I cut a {inall piece of Nutmeg of a fize
that I.could put it into the tube; and I perceived that the mites next
the Nutmeg foon died. I then put another piece at the other ex-
tremity of the tube where there were many live mites, which
alfo in a very fhort time died.

To fztisfy myfelf fiill farther, I took a glals tube, thirteen inches
long, and half an inch diameter ; one end of this I clofed by melting
it, and put as many mites inte it as I computed in bulk altogether to
be equal to half a cubic inch, and, according to the exacteft compu-
tation I could make, they were in number 150,000.

After thele mites had been about a quarter of an hour in the tube,
they {pread themi{elves from the mafs in which they were, when firlt
put in, and difperfed all over the glafs; I then fplit a very fouud
and good Nutmeg into four parts, one of which parts I placed in the
open end of the giafls, fo that T might obferve by the microfcope,
what effect it would have on the mites when they approached it.

Moft of them I faw creeping towards the open end of the tube,
and when they came to within about a firaw’s breadth of that part
where the piece of nut touched the glafs by two of its points, many
of them returned back, though they might have palied by the nut
without approaching necarer than the eighth part of an inch to the
main {ubftance of it.

The retreat (fo to exprels mylelf) of thefe multitudes of mites,
afforded me a very pleafant fpectacle, for here it appeared, that the

exhalation or vapour proceeding from the piece of Nutmeg, was {o
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noxious and offenfive to them, that they dréw'back from it fafter
than they had advanced towards it, in order to make their efcape out
of! the glafs.

Some others of the mites having advanced fo far as to have got
fome hairs breadth diftance beyond the Nutmeg, were prefently
arrefted in their courfe, and, lofing all motion, they expired.

Moreover, I obferved numbers of the mites creeping along the
glafs, near that part of the Nutmeg which was covered with
the rind, and they would have efcaped, if I had not intercepted
them by placing another piece in the way, {o that they could not
get out without pafling the broken part of the nut, and hence it
appeared to me, that the vapour of the nut exhaled much more
feebly next the rind, than from the internal newly broken part.
Hereby, not only the efcape of thele mites was prevented, but all
that were near the nut died there, and in the ipace of eight and
forty hours, out of fo great a number of mites very few were left
alive. *

To explain this experiment better, I caufed a drawing to be made of
the glals tube I ufed on the occafion, which is to be feen in Plate X,
Jlie. 1, ABCDEFGHI. Here, Al is the open end of the tube; F,
the end which was clofed, and in which the mites, when firft put into
the tube, lay in the greateft numbers. DBetween CD and FG, was
placed the firft quarter of the Nutmeg with the internal broken part
next the eye, where fome of the mites had crept on the other fide of
the glafs next the rind, and paffed by the nut, when as I mentioned
before, I placed the other piece of nut, with its broken fide the con-
trary way to the other, fo that the rind appears between AB and
HI next the eye, by which the mites were prevented from elcaping,
and all died within the glafs.

In reflecting on the circumflance of thefe mites being thus killed,
I judged that it was not by the vapour of the Nutmeg being hurtful
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to their bodies in general, fuch as the fkin, bones, &c. but thatitacted
fo powerfully on the lungs of thofe creatures, as to prevent their rel-
piration. For, in like manner as noxious vapours do not, fo far as
I know, in any manner injure our fkins, becaufe the moiiture of our
bodies is continually expelled from the inward parts outwards,
through the fkin to the furface ; and as no particles, either of foul air
or common water can be received into the body through the fkin,
for which reafon it is, that the flefhy parts of filh or other animals,
living in water, however falt it be, do not partake of that faltnefls;
fo mites, the fame as larger animals, who are kept alive by relpi-
ration, die when that relpiration is obitructed or prevented. And if
fo, we have here another infiance of the furprifing order and regu-
larity with which ali things are created, fhewn in the wonderful for-
mation of the mite, which, though unknown to many perfons, and,
by reafon of its minutenefs, held of no account, does yet appear
to me, endowed with greater perfection, and more curioufly formed
than many larger animals.

After the preceding obfervations, our Ealt India Fleet arrived,
whereupon, 1 became defirous to procure fome of the Nutmegs
newly imported, and thofe of the beft and ripeft ; in order, thatif
poflible, I might fo far caufe them to vegetate, that I might bz con-
vinced [ faw the young plant in the nut, and might alfo be able to
take it out from thence. And one ot our Ealt India Directors very
kindly gave me fome of the largeft Nutmegs; among thele I per-
ceived a few, which, though thoroughly ripe, were infefted with
mageots.

Two of thefe nuts I opened, and out of each I took a thick fhort
white maggot, about the fifteenth part of an inch in length, furnithed
with fix feet in the fore part of its body, and covered with a great
number of long and very flender hairs : from the fame nuts I alfo
took two or three pellicles or thin [kins of different fizes, which appa-
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rently had belonged to maggots of the fame {pecies, whence I con-
cluded, that during their growth, thefe maggots change their fkins
in like manner as filk worms ave obferved to do.

I alfo found in thefe nuts, two flying infects of different kinds,
but they, as well as the maggots, notwithftanding all the care I could
take, foon died, whence [ was more convinced that the maggots which
feed on the Nutmeg are not natives of thefe regions, and I do not
doubt, that if the warehoufes in India, where Nutmegs are kept,
were to be well fumigated with fulphur, once a month, (for if this is
dene only once, thole infects which are at that time alive may be
killed, but the minute maggots inclofed in the eggs will efcape un-
hurt, and therefore the fumigation muft be repeated) by this
operation the Nutmegs would, in a great meafure, be preferved
from damage. And [ alio think, that it would be very proper to
fumigate the holds of the fhips with fulphur, by which means thefe
maggots, and thofe whofe nature it is to periorate and feed on tim-
ber; alfo, the infe¢ts called cock roaches, the millepedes, or thou-
{and legs, and even mice, which hide themfelvesin the holds of fhips,
muft be all deftroyed.

i endeavoured, three f{everal times, to caufe the Nut:neg tow
vegetate, but I had not the good fortune to fucceed; which,
1 think, was partly owing to the lime with which the nuts had
been fprinkled, and partly to their being fo much dried, that in
many places they were cracked in the infide. In this my fearch, how-
ever, after difle€ting many nuts, I at length, with great pleafure, not
only difcovered the plant, but fucceeded in taking it out of the nut.
The outer part of the leaves of this plant was formed with many
indentings and points in the manner of vine leaves, and the leaves
themfelves were as large as I ever found in the feed of any
tree whatever. Upon viering thefe leaves by the microfcope,
I could fee the veins or veflels, lying in as regular order, as are te
be feen by the naked eye in the full grown leaf of any tree.
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Fig. 2, KLMN, reprefents this fmall plant taken out of the
Nutmeg, as nearly as the limner was able to draw it from the naked
eye; and though it feems to be compoled of many leaves, yet, in
my judgment, there are but two ; butl could not examine that matter
very accurately, becaufe in the attemnpt, the plant was often broken.
The part in this figure marked N is that, from whence the flem and
root would grow.

Moreover, [ placed a {mall plece of the cutward part of this leafl
beforea microlcepe, and directed the limner to make a drawing of it
with all the veliels in it, as they appeared to him.

Fig. 3, OPQRS, reprelents this piece of leaf; OP, is the part
which was broken off from the reit of the leaf, and QR is the
external edge of it.

In this mall piece of leaf we not only {ee, how the vellels or veins
are branched cut into finaller ramifications, but in many places may
plainly be leen, the oily matter or fubitance, which is the fame in
nature and celour, as is to be {een in the nut itfelf, And fince we
fee fo many branchings of the veins in fo fmall a piece of a leaf, who
can tell how many more ramifications there may be in it, eatirely
efcaping our fight ?

During the time that I was employed i fearching for the plant
in the Nutmeg, I fell into converfation with a friend refpeéting the
tree that bears this fruit, which tree, 1 was perfuaded, had fome
cavity in the middle of it; this coming to the ears of a certain Pro-
feflor, he fent me two pieces of the root of the Nutmeg tree.

Upon examining thofe pieces of root, both at the larger and
{maller ends, 1was greatly furprized to find, that this weod is of a
remarkably fpongy nature and very porous, though it has not any
cavity in it, different from the wood of other trees ; for, from the
root, we muft conciude, that the tree itlelf is of the like formation.
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And in this root, T perceived fome wonderfully minute veflels,
furrounding, as it in were, many places, the larger tubes of the wood,
and thrc}ugh which, as I {uppofe, the tree receives nourifhment in
its growth.

In order, as exaétly as poflible, to exhibit to view the wood, or
rather the root of the Nutmeg-tree, which bears fuch a precious and
highly valued fruit, I have given the figure of a circle, which we
mult fuppofe to be a branch of the tree, or of its root, {awed off
tranfverfely, as is to be feen at fig. 4, ABCDEF. From the center
of this figure are drawn many very {mall lines, as appears between
CDFA, and thefe we are to fuppole are thofe vellels which ferve
for the increale of the tree or root, and, by means of which, there
is every year a new fubfiance forimed about the tree, as I have often
heretofore mentioned.

Now, in order to inveftigate accurately, the true formation of this
wood, we muft not examine merely the extremity of it, which would
prefent an cbfcure objet to the eye, but we muft cut off a fmall
piece or particle of the wood, as from E to the circumference, after
we have, with a very thin and fharp knife, cut or pared the extre-
mity as fmooth as poflible. In this manner I cut oft a piece or par-
ticle of the wood, not fo large as is thewn at fig. 5. This piece of
wood, placed before. the microfcope, and copied as exaélly as the
limner was able to reprefent it in his drawing, is fhewn at fig. 6,.
ABCDEFGH, and in it are to be feen, many of the vefleis or
tubes of which the wood confifts, fomme of the larger ones of which,
I have exhibited at I,1, 1.

Among thefe larger tubes of the wood are to be feen a great
number of fmaller ones, and many of thefe fmaller tubes are again
furrounded by other exceflively minute veflels, through which latter
vellels, for the moft part, the nourifhment is conveyed upwards in
the tree, as I fuppofe.
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But, as thefe fmaller veflels, which are plainly to be {een by the
microfcope, cannot, by reafon of their minutenels be well expreffed
in-a drawing, unlefs ftill more enlarged, I ufed a microfcope of greater
magnifying power, and cauled a fmall portion of the wood which
in fiz. 6, is fituated between the two I:u‘ger vellels, K and L, to be
drawn {fomewhat larger than it appeared through the microfcope be-
fore which it was placed, and this is {hewn in fig. 7. ABCD.

This piece of wood was fo cut, that all the horizontal veflels were
exactly divided, and I could plainly perceive them, whether I
viewed the obje€t upwards or downwards ; and I further {aw, that
where the horizontal vellels lay, there the larger tubes of the wood
were fitvated, as appears in this figure at AB, and DC, which is
where the horizontal vellels were fituated.

In fig. 6, are allo Thewn, the horizontal veflels which take their
courfe among the perpendicular vellels or tubes of the wood, but, as
all the afcending vellels or tubes are cut tranfverfely, fo that their
cavities become conlpicuous, on the contrary, the horizontal
veflels, by this manner of cutting, preferve their thape as near as
may be. In this figure there appear more of thele laft vellels about
the parts marked Aand B, than about G, or between G and I ; the
veafon of which is, that in {plitting the wood, the knife did not pafs
in fo firaicht a dire¢tion along thofe vellels as 1 wilhed: for the
fame reafon thefe horizontal vellels appear in greater numbers at E,
or between E and F, than about C.

In thefe horizontal veflels may be feey a red and yellowilh fub-
ftance, fimilar to the oily matter in the Nutmeg, and the young
plant it contains, {o that the horizontal veflels are of a reddifh colour.

Farther, I determined to cut thele horizontal vefiels, each of which
can be diftin¢tly feen, and which generally lie three, or at the moft,
four together in rows, in an oblique manner, {fo as to exhibit their
cavities to view. A fmall particle of the wood reprelented at fig. 4,
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ABCDF, fplit lengthwile, at the part marked DF, T placed before
a microfcope, and this very thin particle, fo fplit off, is {hewn at
Je.8, PQRS, in which appear eight diftinét places, where the hori-
zontal vellels are cut in this oblique manner, as may be feen by the
cavities in many of them, a part of which is thewn at Q.

The perpendicular afcending vellels, fg. 8,PS, or Q R, are thofe
[mall veflels, which in fig. 6, between K and L are fhewn cut obliquely.

Moreover, I {plit this branch of wood in the middle, as the line
A B C in fig. 4 denotes, and from the piece fo {plit, I cut a finall par-
ticle, dividing the horizontal veflels longitudinally. This particle of
wood is reprefented at fig. g, TVW XY ZAB, where TV, and YZ,
are the afcending vellels, and the herizontal vellels which crofs them;
are fhewn at W X and AB: and in, and among thele horizontal veflels-
we faw various minute globules, which the limner, as nearly as he
was able, imitated in the drawing.

In my obfervations on this wood, I {faw four feveral kinds of
woody tubes, befides other fmaller ones, which, by reafon of their
minutenefs, as I judged, could not be diftiné¢tly feen; but thofe which.
could be diftinguithed I caufed to be drawn.

Fig. 10, CD, reprefents a tube of the wood partly compefed of
annular parts, like a wire wound round a pin ; and, next this a tube
formed in a different manner, feeming to confilt of a pellucid mem-
brane, covered with many fmall dots or fpecks, which in {everal places
were contiguous to each other; this tube is reprefented in fg. 10,
at EE.

Fig. 11, G H, reprefents a third tube of the wood, covered with
fmaller {pecks or dots, but, what is more remarkable, it contains
in this fmall {pace five joints, very much like thofe of which ftraw
is compofed : two of thefe joints are reprefented at G and H.

I endeavoured alfo, if poflible, to difcover the forimation of the
larger tubes, Thewn in fig. 6, at LI, K, L, and while 1 was thus
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employed, it appeared to me, that the tranfparent membrane con-
ftitutiug the tube, was compofed of vellels taking their courfe round
about the tube.

To make proof of this, I tore fome of thefe tubes of the wood
alunder longitudinally, when I perceived, that where torn, !hz:}-' were
very much indented or jagged, whence I concluded, that however
tranf{parent they might appear to me, they were yet compofed of a
great number of vellels lying in a circular direction.

Fiz. 12,1 K, reprefents apart of one of thole larger tubes {o tornand
jagged, which is very clofely united to the adjoining fimall veflel
at .M in the fame figure, and from which, as 1 think, this larger
tube reccived nowifhment in its growth, and the rather becaufe,
though the membrane or coat of this tube appeared tranfparent, yet
it plainly appeared, that the membrane was compofed of minute
veflels, which appeared to derive their origin from that fmall veflel.

I then proceeded to examine thele larger tubes of the wood, with
all the accuracy I was able, and I was well allured, that I faw the
membrane compofing them to be made of vellels like ftreaks croffing
each other at right angles; a particle of this membrane is (hewn
in fe. 12, at LNOI, where the veliels or fireaks from I to Nand
from L to O mutually crofs cach other, by which means this thin
fubflance is firengthened ; and who can tell how many, and what
various parts fuch a tube of the wood may contain ?

I think I have formerly faid, refpetting the veins in the
leaves of trees, that they are of a fpiral twifted form, like that re-
prefented in fz. 10 at CD; and alfo, that the firing by which many
nuts (as the filberd, almond, &c.) have nourilhment conveyed to
them through the hard fhells, confifts of many vefiels of the like
kind, and upon recolle¢ting this I determined, as far as [ wasable, to
dillect the young plant I had taken out of the Nutmeg, to fee whe-
ther the velicls reprefented in fig. 10, at CD and which are in great
numbers in the wood, could alfo be found in the young plant.

Ooe
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For this purpofe, Ifirft examined the leaf of the young plant, in
that part where it was fo thick as to be opake, and immediately I faw:
in it three difiin¢t veflels of the like {piral or twifted form, as I have
before mentioned to have {een in the root. This enquiry I profe-
cuted as far as the extremity of the leaf, where I faw a fimall vellel
of the like kind, and fo diftinctly, that I could count every fingle
fold or fpiral turning in it.

Since it now appears plain to us, that provident Nature forms all
the vellels of this tree in fo perfe¢t a manner, that the fmall cnes in a

young plant in the {eed, are as plainly to be feen as thole in the
wood at full growth, which we may julily conclude is the cafe in all

“feeds, however minute ; we are not to wonder that the {malleft of any
animal which we view by the microlcope, is as completely provided
with all its parts as when it is grown larger. In a word, the farther
we endeavour to dive into the hidden works of Nature, the more we
ought to be convinced, that we never can arrive at her fartheft recefles,
though many perfons, when making ufe of a good microicope,
weakly fuppofe, that nothing is out of the reach of their oblervation.
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On damaged Mace, commonly called white Mace; the canfe from
wlence this defect arifes, fhewn to be an infect which feeds on the
internal parls of the Mace, wiih a particalar defeription of that
infeét 3 and fome farther account of tFe Nutmeg.

LTPDN hearing formerly, mention made of that fort of Mace
which is denominated white Nace, I merely thought, that it was not
{o good either in flavour or virtue as the reddifh-coloured Mace, and
the rather, as I long ago heard that a certain phiyfician had the art to
give the white Mace the fame colour as the beft; but having been
fince informed that this white Mace had f{o little virtue, that it was

{orted from the reft and burnt, and hearing that its inferiority was
fuppofed to proceed from fome defect or want of nourithment in the

growth of the plant, Ihad a great defire to examine the nature of

this white Mace.

On converfing upon this fubject with one of the Directors of our
Eaft India Company, he informed me of the time when the officers
at the Company’s warchoufe, were employed to fort out the
white Mace, and gave me permiflien to go to the warchoule
and fatisfy my curiofity in this refpeét. 1 accerdingly attended
at the warchoufe, and perceived, not without furprize, that the
white Mace was compofed of nothing but thin membranes or {kins,
and I alfo obferved a kind of webs, which I concluded had been {pun
by fome infelt, which webs were fixed to fome of the Mace, not
only the found, but alfo the damaged. I brought home with me
eight or ten of thefe webs, and found them to be covered in part
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with certain oblong black particles, which I concluded to be the ex-
crements of the maggots, by which thofe webs had been fpun: in
{everal of thele webs, I allo faw certain particles which feemed to
be the fragments of aurelias, from which fome {pecies of flying in-
feét had proceeded, and, as in one of thele webs I perceived feveral
minute feathers, very much like thofe found on the wings of moths,
I further concluded, that the flying infeCts which proceeded from thele
webs muft bear fome refemblance to the moths in this country.

In order to fatisfy myflelf further, I went the nextday to the Com.
pany’s warehoule, and fpent a whole hour with fome of the officers
in fearch of thefe webs, and at the fame time, the oflicers gave me a
leaf or piece of Mace very much fhrivelled, in which was the ap-
perance of a web, and on opening the leaf, I found in it a white flying
mfect, (which was not only dead, but had loft fome of its legs,) in
ihape and f{ize not unlike thofe white moths that are found in grana-

-ries, and from whole eggs proceeds the maggot called the wolf, %
though I judged this infeCt to be of a difterent fpecies. Upon my
return home, I examined all the webs I had found, and in feveral of
them, dilcovered the {kins or cafes of aurelias, from which flying
infects had proceeded, and in two of them, the infeds themfelves ;
I alfo found one perfedt cryfalis, and in it the infeét dead ; and upon
attentively examining this cryfalis, I plainly perceived that it was ex-
actly of the fame fhape and nature with all the other fkins of aurelias
which I had found. Icaufed a drawing to be made of this aurelia
or cryfalis of the fame fize it appeared to the naked eye; this is
fhewn at figure 19, AB, in which the refemblance is taken as accu-
rately as the limner could imitate it in his drawing.

Fig. 14, CD reprefents the flying infeét which proceeded from
cone of thefe aurelias ; the wings of which, would I believe, have
appeared longer than here reprefented, had not the animal while

# The defcription of this infeéd is to be feen at page 2:.
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firuggling to get out from amongft the Mace where it was enclofed,
broken oft part of them, in which ftruggle allo, I fancy it had been
killed.

After this, I applied mylelf to examine the white Mace, as it is
called, a parcel of which I had brought home with me; and I im-
mediately perceived that all the matter or {fubftance which had been
enclofed between the membranes compofing the outward {urface of
the Mace, was confumed or eaten away. This {ubftance, which
for the moft part, confilis of oily globules, in which the whole
virtue of the Mace confifts, being fo firipped from thofe mem-
branes (of which membranes, the leaves of all plants, however finall
they be, are compofed, and whereby the internal moifiure of the
leaf is kept from evaporation) nothing remains but the thin mem-

branes themfelves, confifting of wonderfully minute veliels, lying-

lengthwife in the leaf, which altogether exhibit a white appearance :
hence thefe leaves are called white leaves, or white flowers of Mace,
whereas, in fact they are nothing but the very thin membranes of
thofe leaves.

I found, on the infide of thefe membranes, various oblong particles
pointed at the ends, and fome of them tranfparent; thefe I concluded
to be the excrements of the maggots 1 have mentioned, and to have
been voided by them at different periods of their growth, becaufe,
though of different fizes, thefe particles were 21l of the fame fhape.
Farther, I obferved {fome of the breader leaves of Mace to be fo eatern
away, that only one of the membranes remained, and having in
vain fought among them for any animalcule, I threw them all away.

After this, I procured a frefh fupply of the white leaves of Mace,
not doubting that I fhould find fome dead animals among them.
At length, after a long fearch, I found a finall white particle, not
larger than a grain of fand, which, examining by the microfcope, 1
found to be an animalcule, the hind part of whofe body was tran{-
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parent and oblong, but the fore part was covered with fome ex-
traneous matter, which endeavouring to wipe away, I broke it off
from the hind part.

I was, however, hereby induced to make a further fearch, not doubt-
ing. thatI fhould find fome of thefe infects of a large fize, but I
could not difcover any of them among the leaves whole membranes
were entirely firipped of their contents ; whence I concluded, that
the maggots, when grown large, had either quitted the leaves or un-
dergone a change in their form, whercupon I fat about examining
thofe white leaves which lay next the others that were found, as alfo
thofe leaves which were in great part, but not wholly, confumed;
f1x or {even of which I had hrc:ught with me ; and among thefe, I
found a few animalcules of the fame fhape with the one I laft men-
tioned ; thefle were not only larger than the former, but their bodies
were of a reddifh coleur, and I judged that this colour proceeded
from their feeding on the oily matter, of which the Mace, for the
oreateft part confifls, and that the former tranfparent animal had died
before it had fed on that coloured {ubftance.

At fig. 15, is Thewn one of thefe maggots, of the fame fize as it
appeared to the naked eye; this was one of the largeft that 1 had
met with in my fearch.

The difcovery of thele maggots very much excited my admiration,
becaufe I had never feen any thing like them in the Nutmeg, and
the more, becaufe thele maggots feed and {fubfift on the oil in the
Mace, of which oil the Nutmegs are alfo in part compoled. But the .
reafon why thofe animalcules, which feek their foed in the Nutmeg
are not found in the Mace, is, in my opinion this, that thofe which
devour the Nutmeg avoid the oily matter it contains and only feed on
thofe parts of the nut where there is little or none of that oil.

Having thus difcovered the maggots (deferibed in fig. 16.) which
feed on that thin matter or {ubftance found within the membranes of
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the Mace, and which afterwards quit the Mace, leaving the mem-
branes themfelves unhurt, except in that part where they firft gained
admittance ; I caufed a drawing to be made of fome of thefe Mace
leaves, a part of which is of that fort called white Mace.

Fig.16, ABK CDE, exhibits part of a leaf of Mace, and in this
figure, between E FF'G and H, may be feen the firipes of the leaf,
which are engraved with very light touches, fo as to give the appear-
ance of white ; thefe are the parts called white Mace, and from them
the oily fubftance is all confumed, leaving only the bare membranes.
Now, if this whitenels had been caufed by the want of nourifhment
in the plant, then the extremities of the leavesat C or D, would have
been white alfo, whereas, on the contrary, they were of the proper
colour, and of a good flavour, by reafon that the maggots had
not eaten away the oil from within the membranes farther than
where the leaves appeared white.

Lower down, in the figure, between G and H, may be [een a
fmall hole made in the membrane of the leaf, which I conclude, was
bitten by the maggot, to open for itfelf a paflage into the leaf, and
the rather, becaule the thin membranes in this part of the leaf were
entirely unhurt, nor did there appear any perforation in them, ex-
cept in the before mentioned place towards A B. And, if we confider
the narrownefs of the cavity in thefe white leaves, where the oil is
eaten away, we may conclude, that it muft have been an exceeding
minute creature which could turn itfelf about in fo fimall a {pace, and
then procure its fubfifence; and, between the membranes in this
part of the leaf, I found nothing, except the excrements of the
maggot.

When I was endeavouring, fome time fince, to difcover the young
plant in the Nutmeg, I alfo tried to find out, in what manner the
nut, while inclofed in its {hell, received nourifhment from the tree;
and for that purpofe, I took a Nutimeg which was preferved in fugar,

Pp




(" g01 )

and diffected it, but, as the {yrup had penetrated into the infide of
the nut and was there candied, my fearch was at that tin:e fruitiefs ;
however, during my prefent inquiry, the forters of fpices prefented
me with fix or eight Nutmegs, which they had found among the
Mace, which, with their {JI‘JE}[H"II hufks, and the Mace inciofing
them, altogether lomewhat bigger than large hazel nuts; and alfo
two of the fame, fomewhat larger.

Upon examining thefe nuts attentively, T perceived, that the fkin
which covers the hard bark or fhell of the Nutmeg, was perforated
in fome places among the Mace, though the Mace leaves them{elves
were unhurt ; hence I judged, that this perforation was the work of
thofe maggots, or animalcules which I have in another place men-
tioned, as feeding on thofe parts of the Nutmeg wherein there is
none of the oily matter compofing the Mace, on which oil they can-
not fubfift.

I viewed the Mace which inclofed thefe Nutmegs by the micro-
fcope, and found it to be covered with many dried bodies of
mites, but in all my fearch, I could not difcover any living mite,
whence I concluded, that the packages inclofing thefe Nutmegs, had
been ftowed in a part of the fhip near the bread-room, and, upon
enquiry, I found that this had actually been the cafe; fo that I
doubt not, thefe mites, which multiply in vaft numbers among the
bread, had been Kkilled, when the packages of Nutmegs and Mace
were ftowed there : and this confirms what [ have, in another place
mentioned, that the vapour of Nutmegs is mortal to thofe creatures.

- Farther, upon examining thefe Nutmegs, and the leaves of Mace
inclofing them, I obferved in feveral of them, that, at the part where
they receive their nourifhment from the tree, they were perforated
with a {fmall round hole, penetrating into the nut itfelf, the Mace
for the moft part appearing untouched ; and this was done where
the bark of the nut was the fofteft: in one of thefe holes I found a
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dead flying infect, of the fame fpecies with thofe, manv of which
I have mentioned to have found in the Nutmeg. Upon breaking
open one of thefe nuts, T {faw, that all the internal whitifh {ub-
ftance of it, where there had been little of the oil, was eaten away,
and nothing left in the cavity except the excrements of the maggot,
and the web it had fpun while in that place ; but, as I did not findany
{kin or remnant of an aurelia, I judged that the maggot, not finding
a {uflicient quantity of fuftenance in this nut, had quitted it before it
arrived at its full growth. On this occafion, I could not but admire
the infiinct which teaches thefe infects to perforate the hard fhell of
the Nutmegs, and for that purpole, to find out that part in it which
is fofter than the reft ; for this I found te be the cafe not merely in
one or two inftances, butin as many as ten Nutmegs, I obferved the
fame.

Fig. 17, L MN, reprefents the Nutmeg inclofed in its {hell, and
covered with the leaves of Mace, but which coverings are, in India
ftripped off while frefh and green.  All thefe receive their growth
and increafe through the part between L and M, which is the place
where the nut adjoins to the tree; and I at firft thought, that the
Nutmeg was nourifhed from its fhell or bark, as 1 had obferved was
the cale with the walnut; but upon a more careful inveftigation,
and after cutting open the fhell with a fine faw, I found, that [ had
been miftaken herein, for I could not difcover any thing at the part
marked L. M, which had the appearance of having tranfmitted
nourifhment to the fruit. I foon, however, perceit'nﬂ two places
adjeining to each other, one, as I concluded, for the nourifhment of
the bark, and the other of the nut itfelf ; and, on further {earching,
I faw, that the vellels defiined for this purpofe, did not immediately
enter the nut at that point, as I had obferved in filberts, almonds,
and other {eeds, but that the veflels in this nut take a ecourfe from
M in fig. 17 to the point of the nut at N, and there pals threugh the
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Thell, and by this means, the nut receives its nourifhment ; for it is
not united to its fhell in any other place.

To exhibit this to the eye, I caufed a drawing to be made of the
bark or fhell containing the Nutmeg, after the leaves of Mace had
been firipped off, and having alfo firft loofened from it the firing
through the veflels in which nourifhment is conveyed, leaving only the
ftring affixed to the part where it enters through the bark, to thew
more plainly the place where the nut receives its nourifhment.

Fig. 18, OPQ, reprelents the bark or fhell wherein the Nutmeg
is inclofed ; Q R, is the firing, confifting of multitudes of vellels which
convey nourifhment to the nut; O and Q exhibit the furrow or
creale wherein the firing lay before it was pulled out. This firing I
cut into very thin flices, fome of which I placed before the micro-
fcope, that I might the better dilcern the great number of vellels in
them, of which I caufed a drawing to be made, as nearly as they
could be diftinguifhed and reprefented. This is fhewn injg.1g,
ABCDE, being one of the flices I have mentioned, cut obliquely,
and magnified.

Now, if we contemplate the incredible number of veflels in fo
{mall a firing, (for that which in fig.18 is fhewn at Q R, is, in
reality twice the fize of the real firing, becaufe I did not firip it of
the {kin which covered it, left I fhould injure the veflels it contained )
befides thofe which the fight cannot reach, we mult conclude, and
be aflured, that there is not a vellelin a full grown Nutmeg tree, for
whatever ufle it may be deftined, but there is a fimilar one in this
firing ; otherwife it could not communicate to the young plant
in the Nutmeg, all the veflels requifite for the formation of the future
tree and fruit.

In a word, the inconceivable perfections which are contained in
thefe firings of plants, and confequently in every leed, are to usin-
comprehenfible, and, fiill more, infcrutable.
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Moreover, I have given a drawing of the bark or fhell of the
Nutmeg, when broken in two, having firft ftuck a pin into the place
through which the firing, which I have been defcribing pafles, in
order more plainly to {hew the nature of it. This is reprefented at
fig. 20,5 TV, in which figure, W X is the pin, marking the place
through which the {iring pafled, and at Y is a kind of protuberance
on the infide of the fhell ; in the nut itfelfis a cavity correfponding
with it, andabove this cavity, is the place where the ftring is united
to the nut; but the firings are almoft always broken from the Nut-
megs before they arrive in Europe, becaufe the nuts in drying, or by
the evaporation of their moifture, hecome fmaller, whereas the hard
fhell dries and fhrinks little or nothing, fo that the nut getting loofe
within, does, by its weight break oft the firing, and, when fhaken in
the fhell may be heard to rattle.

At fig. 21, ¥ G H, is a drawing of a piece of the fhell at that end
next the tree, and at K is the round hole [ have mentioned, in one
of which holes, I found a flying infe¢t : in this figure alfo, that part
of the ftring conveying the nourifhment to the nut, and which here,
is joined to the tree, is {hewn at IKL: this fhell being removed, I
found that the animal had penetrated into the nut as 1 have before
obferved.

Fig. 22, M N O, reprefents the nut itfelf, in which the above men-
tioned fmall hole, is Thewn between Pand Q: at this place, the
young plant is fituated in the nut, and here alfo, as far as [ have ever
obferved, the infeéts penetrate the nuts becaufe it is the fofteft part
of the fruit, and contains the leaft of the oil.

Since we now fee, that thefe creatures, not only when maggots,
but alfo when changed into flying infeéts, feed on thofe parts of the
nut where the oil leaft abounds, we may readily conclude that, how-
ever minute, they are very pernicious to Nutmegs. In the ftate of
flying inlects, however, they are not, in my opinion, fo hurtful on
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account of their feeding on the Nutmeg, as by laying their eggs, the
maggots proceeding from which, muft be exceedingly pernicious,
becaufe they acquire their whole growth within the nut.

I am perluaded, that if the timber and wood in warchoufles was
painted with the common red paint ufed in this country, the {pices
might be prelerved from many noxious infeéts, becaufe the particles
of that paint, though ground very fine, are of fo hard a nature, that
no fmall infect can penetrate them. And if the wood is oblerved
to be perforated with many worm-holes, the painting fhould be
repeated until all thofe holes are ftopped up with it.

It may be faid indeed, that Nutmegs and Mace are kept but a fhort
time in the warehoufes, and therefore not liable to be much injured ;
but in that {hort time, and while expofed to dry, they may be in-
fected by thefe flying infects laying their eggs among them; and it
is well known, that many of thefe creatures lay many eggs in a very
little time. Indeed, if Nutmegs and Mace are kept in large heaps in
the warehoufes, 1 believe that only the furface of them might be ex-~
pofed to injury, becaufe the infets cannot penetrate far into the
heaps to lay their eggs, and therefore the middle of thefe heaps may
be uninjured.

But thefe matters are all conjeture, and, as it were, riddles to us
at this diftance, refpecting which, thofe who are employed upon the
fpot, in colleting or drying the {pices, could give much better in-
formation, if they were perfons of intelligence and obfervation.

To return to the infects which 1 found among the Mace ; I was
doubtful how to purfue my enquiry relpecting the generation of thele
creatures, and the rather, becaufe thofe which I found, were not
only dead, but their bodies very much dried, for, had they been
living, I doubt not, that I {hould eafily have difcovered the manner
in which their {pecies is propagated.

At length, upon confidering the fhape and make of thefe mag-
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gots, and, having [een by the microlcope, that their bodies are
forimed with creafes or rings, it occurred to me, that they were of
that fort which do not bring forth young ones while in that fiate,
but, like catterpillars, feveral kinds of maggots, and alfo fleas,
change into aurelias, and thefe again into flying or creeping infects,
and in that ftate couple and lay eggs.

Now, as I had found thefe maggots among the fkins of the Mace,
I concluded, that when their change approaches, it is in their nature
to abandon the ieaves : and, asin my former {earch i had found a
cryfalis, which 1 concluded had been changed from one of thefe
maggots, inclofed in its [l:ell or covering, I went a third time to the
India Company’s warehoufe, and caufed a confiderable quantity of the
white hMace to be put into a fieve and fifted, in expectation, that
among the finer parts, which paffed through the fieve, 1 fhould find
feveral infects that had gone through their change.

By this means, I obtained two handfuls of {imall matter or duft,
mixed with many minute particles of Mace, but I perceived, that
the greater part confifted of the excrements of infects; I alfo
took a handful of duft, fifted from a parcel of Mace, before the
officers had forted the damaged from the found: on my return,
I carefully examined the whole, and found in it, at leaft one hundred
dead animals, which I concluded had been produced from the be-
fore mentioned maggots, I alfo found two flying infeéts of the fame
fort with thofe which I had obferved in the Nutmeg ; likewile the
{kins of two aurclias, and one of thole creatures called a weevil, but
which, as well as the reft, was dead. Such of thefe animals as had
been produced by tranfimutation, were all of the like make, and al-
moft of the fame fize as the full grown maggots, and 1 judged, that
if they had not ‘proceeded from thole maggots, they would have
been of different fizes.

Some of thefe maggots, T placed before different microfcopes.
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that T might caufe a drawing to be made of fuch one of them as was
the moft perfeét, becaufe all that I found were not only dead, but fo
dried, that the leaft tolich would break their bodies, or at leaft their
feet.

I have already given at fig. 15, a drawing of one of thefe maggots,
of the natural fize; Fig. 23, EFGHIKLMNO, reprefents the fame
maggot as feen through the microfcope: the body of this creature
is formed with many joints or rings, alfo with {ix fmall feet, fur-
nifhed with curious nails, the extremities of which nails are indented
or notched, as thewn at G and N.

In the lower part of the body of this animal, as well on the belly
as on the back, there appears an uncommon number of blood veflels,
which, on each fide of the body at HI and ML are the thickeft and
largeft, and feem to come from the inner part of the body: thefe
blood veffels are divided into various exceedingly minute branches,
feveral of which, proceeding from H to M, and from M to H there
meet, and are again united, which not enly appears in the branches
about H and M, but alfo through the whole body, though the limner
could not reprefent them all.

In the head of this creature, {o many organs appeared, that they
could not all be copied in the drawing.

At Oand F are reprefented, two prettily fhaped horns, made with
joints, and covered with hairs: at E is the mouth, or rather two
teeth, fomething like pincers, with which the maggot, as I judge
bites into the leaves of the Nutmeg on which it feeds, and fcrapes
off the {ubftance they contain; within the fkin at PP are two other
organs with which the head of this maggot is furnifhed.

I know very well, that thefe fmall animals are called bloodlefs, a
name given to them by thofe, who, I fuppofe could not difcover
either the blood or the blood veflels, but this miftake I attribute only
to their want of better information.
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Now, as all caterpillars, maggots, and other Imall animals when
changed into flying infeéts do ftill preferve the fame fort of creales,
rings, or divifions, which they originally had, fo I perceived in the
flying animal, produced from thefe maggots, the fame kind of rings
or divifions, but thefe did not become confpicuous till the two {hells,
or cafes which covered the hind part of the body were removed:
under thefe cales lie two exceeding fmall wings folded together, and
by realon of their being longer than the body, doubled up: fo that it
{eems probable to me, that thefe creatures are formed in the fame
manner as infects of the beetle kind, with regard to their wings, and
the cafes that cover them.

If we refle¢t on the nature of thofe flying animals, whole wings
are thus folded up and covered with fhields or cafes, and who are
deftined to feek their food in hard fubftances, fuch as wood, nuts,
and the like, or who are hatched in the earth, we {hall fee the ne-
cellity of their wings being formed in that manner, for if the wings
were not longer than the hind parts of their bodies, they would be
too fmall for flight, and if not defended by the cales or fhields, they
would be liable, when the animals are creeping into holes cither in
the earth or in the hard fubftances on which they feed, to be fo
broken or injured, as to be unfit foi the purpofe of bearing them
through the air.

Thefe animals, even after they are converted into flying inle s,
do, in my opinion, take food, contrary to what is obferved in the
moths or butterflies produced from filk- worms and caterpillars, for
I obferved, that fome of thefe were of a bright and others of a dark
red, the former of which, 1 fuppofe, had not been long changed,
and therefore had not taken fo much food as the latter.

I have often thought, that perhaps, thefe kinds of animals may
feed upon wood, but, that when they get among Mace, which is of

Qq



L sz ]

a much fofter nature, they may then multiply much fafler than
thofe which breed in wood, and efpecially in the harder forts.

I placed one of thefe creatures, changed from the maggot into a
flying infect, before the microfcope, and having removed the fhields
or cales of its wings a little afide, in like manner as if the animal
was living and about to take its flight, I beheld fo wonderful a piece
of workmanthip, wrought with fuch curious art, that I determined
to have a drawing made of it, though it was impoflible to delineate
all the wonders that were dilplayed in this minute animal.

Fig. 24, ABCDEFGHIKL, exhibits this flying animal, which
appeared longer than the maggot from which it was produced, the
-reafon of which I take to be, that the bodies of thefe maggots being
very foft, they contra& when their moifture evaporates, whereas
when changed into flying animals their bodiesare hard on the outfide,
and therefore cannot contraét.

LM, and BN, are the two horns made with many joints and
covered with hairs.

L, B, are the eyes compofed of various optical organs, though
but few in comparifon of thofe which are found in the eyes of
flies. :

This creature has fix feet, each furnithed with two curioufly
made little claws; the legs are made with various joints at the
extremities, and are covered with hairs, or rather with pointed par-
ticles like thofe on brambles : two of thefe legs with their claws, are
{hewn at CO and D P.

At DI and KI are pictured the two fhields, or cafes, with which
the animal, when not in the act of flying, can cover the hind part of
its body, fo that I conclude, no particles of the wood, or of the Mace,
nor any drops of water which may accidentally all on its body, can
injure the wings.

Upon attentively’ contemplating thefe fhields or cafes, I was
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aftonifhed at the wonderful and elaborate workmanihip exhibited in
this creature, which appears fo minute to the naked eye, but does,
I think, in perfettion, far exceed the larger animals we daily
behold.

If we advert to the hind part of the bedy, formed with joints
indented in the fame manner as in the maggot, from which, by
tran{mutation it was produced, and obferve the multitudes of veins,
{cattered over it, we muft more and more be confounded at fuch
great perfection in fo minute a creature.

In like manner in the wings, we fee many veflels and finews,
which finews ferve to expand and firengthen them ; likewife many
pointed particles or hairs, with which the membranes of the wings
are covered : it is allo worthy of obfervation, how the wings are
folded and doubled up, both in length and breadth (which is thewn
between G and H, as nearly as the limner could imitate it) in order
that they may be entirely covered by the cafes ; befides which, this
animal is provided with another exceedingly minute wing on each
fide. Let us alfo confider, with what inconceivably minute finews
or mufcles thefe wings muft be provided, in order that the ani-
mal, when it prepares for flight, may unfold them both in length and
breadth; and how the joints and finews muft be contrived, fo to
itrengthen the wings when unfolded, that by their fwilt vibrations,
the animal may fhape its courfe through the air.

In order, more clearly, to give an idea of the foldings in thele
wings, I took one of them from under its cafe, and placed it, together
with the finew or mufcle which adhered to it, before a microfcope,
directing the limner to make a drawing of it, and alfo of the finew,
whereby the wing is unfolded and put in motion.

Fiz.e5, QSVWIXY, reprelents this wng according to its
pofition when covered by the cafe or fhell ; V, is the breadeft part of
the wing, and this part lay either under or above the correlponding
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wing. QR is the mufeular part, by means of which, not only the
wing is put in motion, but doubtlefs many lefler mulclés are derived
from this, by means of which, that part of the wing at WXY is
extended in length, and the part at Y Q expanded in breadth: at
S T is the minute wing I mentioned above.

When we duly confider this moft perfect workmanthip of the
Divine Artift, we muft confels, that thofe things which we difcover
by our microfcopes and induftry, are but as the fhadow of thofe
which hitherto remain concealed from us, not only in fuch finall
animals as this now under confideration, but alfo in larger animals,
and in plants.

It is to be hoped then, that the enquirers into Nature’s works, by
fearching deeper and deeper into her hidden myfieries, will more and
more place the difcoveries of thofe truths before the eyes of all, fo as
to produce an averfion to the errors of former times, which all thofe
who love the truth, nught diligently to aim at. For,

We cannot in any better manner, glorify the Lord and Creator of
the Univerfe, than that, in all things, how {mall foever they appear
to our naked eyes, but which yet have received the gift of life, and
power of increafe, we contemplate the difplay of his Omnilcience
and Perfections with the utmoft admiration.

END OF THE FIRST VOLUME.

SIDNEY,—PRINTER: BLACK HORSE COURT, FLEET-STREET.
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PLATE 1.

Fig. 1. A piece of oak of eighteen years growth, cut tranf-
verfely, to thew the increafe of growth in each year, as is par-
ticularly reprefented at E.

Fig. 2. A fmall piece of this wood, when magnified from the
natural fize at X, fhewing the perpendicular vefiels.

Fig. 3. A reprefentation of the internal firucture of the large
perpendicular veflels which appear in fig. 2, at EE E.

- Fig. 4, 5. The fame wood cut longitudinally, to thew the veflels
in another view. :

Fig. 6. A piece of German oak, two years growth, mag-
nified from the natural fize at X.

Iig. 7. A piece of fir, two years growth, cut tranfverfely, drawn
from the microfcope.

Fig. 8. A fmall fragment of fir, {plit off longitudinally fhewing
the minute globules ot turpentine formed in this tree.

Fig. 9, 10, 11, 12, 13, 14. Fragments of this wood, magnified,
to fhew the nature of the different veflels.

Fig. 15. A piece of fir, cut and fplit in different directions, to
fhew the manner of the author’s preparing it for his obfervations.

PLATE 1L
Fig. 1. The egg of the Weevil, or corn-beetle, magnified ; its
natural fize being no larger than a grain of fand.
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Fig. 2. 'The maggot, bred from this egg, when firft hatched.

Fig. 3. The fame when grown to its full fize, magnified.

Fig. 4. The Weevil, of its natural fize, is thewn at X; this
figure thews part of the head, the probofcis, or trunk, with its
pmrrera, and the two horns, as viewed through the microfcupe

Fig. 5. A glafs tube ufed by the author in his experiments and
obfervations on the fubjects defcribed in the next figure.

Fig. 6. A moth, which infefts corn kept in granaries.

Fig. 7. The aurelia, from which this moth is produced.

Fig. 8. The maggot, or caterpillar, bred from the egg, laid by
this moth, drawn from the microfcope without the feet.

Fig. 9. Part of the body, with the feet, farther magnified.

Fig. 10. In the centre of this circle is fhewn the natural fize of
the egg laid by the moth.

Fig. 11. The fhell, after the maggot had quitted it, magnified.

Fig. 12. The natural fize of the maggot.

Fig. 13, 14, 15, 16. Feathers, of different kinds, with which
the body, feet, and wings of this moth are covered, as they ap-
pear when viewed fingly by a deep magnifier.

Fig. 17. A fmall part of one of the hind feet of the common

arden Spider, as {feen through the micruﬁ::npe.

Fig. 18. Part of the fpider’s head, magnified, fthewing its
eight eyes.

Fig. 19. The two fangs, or teeth, of the fpider, magnified, one

being extended, the other at refi.

Fig. 20 The thread of the {pider greatly magnified, thewing
it to be compofed of a number of fmaller threads.

Fig. 21, 22. Views of the organs in the fpider’s body, from
which thefe threads iflue,

Fig. 23. 'The garden Spider of its natural fize.

Fig. 24. A hook, on the under part of the Spider’s body, mag-
nified ; which the author fuppofes to be ufed by the animal in
depofiting its eggs.

Fig. 25, The Silk-worm’s egg magnified, in which, at G H,
is fhewn the opening made by the young filk-worm to iffue forth.

Fig. 26. One half of the filk-worm’s head, magnified.

Fig. 27. One of the filk-worm's teeth,

Fig. 28. A particle of the filk-worm’s thread magmﬁcd thew-

ing it to coniift of two threads.
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Fig. 29. Another reprefentation of the thread, which fhews
it to be of a flat fhape.

Fig. 30. The organ from which this thread is {pun, magnified.

Fig. 31. A farther reprefentation of partof the fame.

Fig. 32. One of the blood vefiels in a filk-worm, magnified.

Fig. 33. A fmall portion of one of the eyes of the filk-worm'’s
moth, magnified ; the eye is thewn between L and M.

Fig. 34, 35. Feathers on the body, feet, and wings of the filk-
worm'’s moth, as feen through the microfcope. :

Fig. 36. The boney part of one of the wings, magnified, with
part of the membrane compofing the wing.

Fig. 37. One of the claws of the filk-worm magnified.

Fig. 38. One of the feet of the filk-worm’s moth, magnified.

FLATE HI.

Fig. 1. A fcale taken from the belly of an Eel, magnified, the
natural fize of which is fhewn at X,

Fig. 2. A particle of the {lime on the body of an eel, magnified,
and appearing to be no other than a number of minute veflels.

Fig. 3. A flice cut obliquely through the fcale of a carp, the
divifions on which denote the age of the fifh.

Fig. 4, 5. The fame feen in different pofitions.

Fig. 6. The natural fize of the piece of fcale, as reprefented
at fig. 4, when magnified.

Fig. 7. The fea-mufcle of its natural fize.

Fig. 8. The ligaments by which this fith faftens itfelf to the
rocks, as they appear when magnified,

Fig. 9. Young mufcles, as they lie in the parent’s body, magnified.

Fig. 10, 11, 12, 13. Different views of young mufcles, taken
out of the parent’s body, and magnified.

Fig. 14. The frefh-water mufcle, its natural fize.

Fig. 15. Six unborn mufcles, magnified.

Fig. 16. A parcel of unborn oyfters, taken out of the parent’s
thell, and magnified.

PLATE 1V.
Fig. 1. Blood-veflels in the tail of a tadpole, magnified.
Fig. 2. A farther reprefentation of thefe veilels, to fhew
which of them are to be denominated veins, and which of them
A2
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are arteries, though, in fact, both of them are a continuation of the
{fame veilel.

Fig. 3. Particles of the blood of a frog, as feen through the
microfcope, to thew how the different fhades in their colour is
produced. -

Fig. 4. The natural fize of a minute fifh, in the tail of which
the author obferved the circulation of the blood.

Fig. 5. Part of the body and the tail of the fame fith, as feen
through the microfcope.

Fig. 6. A fmall part of the tail-fin, farther magnified, to thew
the circulation of the blood in its veflels.

Fig. 7. Between the figures 1, 2, 3, 4, are rcprefented the
blood veflels in the tail of an eel, within a {pace, the natural fize of
which did not occupy more fpace than alarge grain of {and ; and
by this figure the circulation of the blood, through the arteries and
veins is particularly explained. ; :

Fig. 8. Some of the blood veflels in the tail of a tadpole, as
feen through the microfcope, fhewing the nature of the cir-
culation of the blood in another view,

Fig. 0. Another veflel, in which the blood was coagulated.

Fig. 10. Anartery in atadpole which was wounded.

Fig. 11. Blood veflels in the wing of a butterfly, greatly mag-
nified, with fome of the feathers on the membrane of the wing.

PLATE V.

Fig. 1. Views of the external and internal formation of the
"~ human teeth. ;

Fig. 2. A fmall fragment of a tooth, magnified from the fize
thewn at X, exhibiting the minute tubes compofing it.

Fig. 3. Animalcules in the subftance which collects between
the teeth, astheyappear through the microfcope.

Fig. 4. A coffee bean, in its fhell or pod.

Fig. 5. The thell cut open, thewing that it contains two beans.

Fig. 6. One of thefe coffee beans with its flat fide upwards.

Fig. 7. A flice of the bean magnified in a fmall degree, and
in which the young plant appears at O.

Fig. 8. This young plant farther magnified.

Fig. 0. A minute flice from the middle of the coffee bean,
magnified, the cavities in which contain an oil.

Fig. 10. The falts in vinegar, from whence its acid taite pro-
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ceeds, and two of the minute eels, which are found in vinegar, all
drawn from the microfcope.

Fig. 11. The Scorpion, of its natural fize.

Fig. 12, 13. The fting of the Scorpion, magnified.

Fig. 14. The tooth of the Scorpion, magnified.

Fig. 15. One of the claws of the Scorpion magnified.

Fig. 16. A drop of the viper’s poifon, viewed through the
microfcope, thewing the falts it contains.

Fig. 17.  An oak leaf, which produces galls, or gall nuts.

Fig. 18. A gall nut cut in half, wherein, at N N, appears the
cavity in which a maggot was bred, different views of which
maggot are reprefented at K L M.

Fig. 19. A fly bred from this maggot, iffuing from the gall nut.

Fig. 20. The cavity in the nut which the fly had quitted,

Fig. 21. The fly, which lays its eggs on the oak leaf, from
which the maggot, caufing the gall nut to grow, is hatched.

Fig. 22, 23, 24. Nuts, or excrefcences, formed on the thifile,
in like manner as gall nuts on the oak.

Fig, 2 One of thefe nuts cut open, containing an aurelia.

Fig. 2{.’!. The fly produced from this aurelia.

Fig. 27. A thiftle nut cut acrofs, containing many cavities.

PLATE VI.

Fig. 1. The young plant taken out of a grain of Wheat, as
feen through the microfcope.

Fig. 2. A flice cut acrofs the fame, and magnified, fhewing it
to contain the origins of three young p]antﬁ

Fig. 3. A fmall piece of the hutk of the wheat, magnified.

Fig. 4. A fmall particle of the bran magnified, in which, at
D and }5, are thewn fome of the globules of the meal.

Fig , 6. The young plant in a grain of wheat, w hen be-
gmmng tu vegetate, magnified ; wherein may be {een the formation
of the future ear of wheat.

Fig. 7. A young plant of wheat taken out of the greund.

I-"ig. 8. The young ear of wheat, in this plant, magnified.

Fig. 9. A piece of firaw cut tranfverfely, and um;__,miled

Fig. 10. The fame viewed in an Ullilbh[ [}ufitlt:rn

Fig. 11. One of the membranes in a grain of wheat, in which
the globules of meal or flour are contained.

Fig. 12. A grain of common feouring fand, magnified, to
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give an idea of the fize of the globules of flour; fig. 13 being

tome of thofe globules lying near the grain of fand.

Fig. 14. A grain of wheat, fhewing at P Q, the place from
whence the {lice was cut, whlrh is deferibed in the next figure.

Fig. 15. A flice cut tranfverfely from a grain of wheat, and
magnified, to fhew the nature and ufe of the chink, or crevice, in
grains of wheat.

Fig. 16. Globules of meal, viewed by a very deep magnifier.

Fig. 17. Appearance of the globules after being boiled..

Fig. 18. Appearance of the globules in a piece ot bread.

PLATE VII.

Fig. 1. A piece of the wood of the cocoa tree, drawn fmaller
than the natural fize.

Fig. 2. A very fmall particle of the wood, cut tranfverfely,
and magniﬁcd.

Fig. 3, 4, 5, 6. Different views, as feen through the mi-
crofcope, of the internal texture of th15 wood.

Fig. 7. A cocoa nut, with its external cale or cevering, drawn
on a ﬁculre reduced from the fize of the original.

Fig. 8, 0. Views, taken from the microfcope, of the fibres or
filaments compofing the external coat of the nut.

Fig. 10, A piece of the hard fhell, cut traniverfely and -

magnified.

Fig. 11. The kernel of the cocoa nut inclofed in the fhell.

Fig. 12. A tranfverfe fection, feen through the microfcope,
of the tube, which conveys nourifhment to the nut.

Fig. 13. A piece of the kernel in the place where the young
plant is fituated, its natural fize.

Fig. 14. A piece of the fkin inclofing the young plant, cut
tranfverfely, and magnified.

Fig. 15, 16, 17. Different views of {lices cut tr'mﬁ erfely from
the young plant and magnified.

PLATE VIIIL.
Fig. 1. The natural fize of the cryftalline humour in an Ox’s eye.
Fig. 2, 3. Figures to thew the nature of the filaments or fibres
com pﬁfnﬂ' the furface of the cryftalline humour.
Fig. 4, 5. Views of the dlfpnftmn of the filaments in the
eryftalline humour in the eve of an hare or rabbit.
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Fig. 6. Tilaments in the cryftalline humour in the eye of a Cod.

Flg 7. The natural fize of the cryfialline humour in this eye.

Fig. 8, 9. The fhape of the cryfalline humour in the eyes of
birds, which is oblong, whereas in fithes it is round.

Fig. 10. A figure, 1llu1h ating the defcription of the human eye,
which is introduced into this work by the Tranflator, from
“ Adams’s Effay on Vifion.”

Fig. 11. A tranfverfe flice from an ox's tongue, magnified.

Fig. 12. The natural fize of the piece.

Fig. 13. Another piece of the tongue cut or ftripped lon-
gitudinally, and magnified.

Fig. 14. A fmall fragment of the flethy part of a duck’s heart,
as {een through the microfcope.

Fig. 15. A reprefentation of another piece, lefs magnified than
the former, the natural fize of which is thewn at X,

PLATE IX.
_Fig. 1. A common goofe quill, {maller than the natural fize.
Fig. 2. A imall piece of the feather of this quill, as feen
through the microfcope.
Fig. 3, 4. Small pieces ftripped from this feather, and fiill
farther magnified.
Fig. 5, 6, 7, 8. Different views of an hog’s briftle, cut tranf{~ |
verfely, .md magnified.
Fig. 9. Two human hairs taken from the hand, magnified.
Fig. 10. Another hair, taken from the arm. 1
Figi 11. A fingle thread of white theep’s wool, magnified, and
appearing to be compofed of many fmaller filaments.
Fig. 12, Another view of the fame.
Tig. 13. A piece of human hair, broken or fretted at the end. ]
Fig. 14. A cutting from the author’s beard, magnified.
Fig. 15, 16. Different parts of the feather on a common goofc
quill, as deferibed by Dr. Hook, in his Micrographia.
Fig. 17. The briftle of an hog, deferibed by the fame author,
as viewed by his microfcope.
PLATE X.
Fig. 1. A glafs tube, ufed by the author to prove the effect of
the effluvia of the Nutmeg on the bodies of mites.
Fig. 2. The young plant taken out of the nutmeg and magnified.
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Fig. 3. Partof the leaf of this young plant, magnified till more.

Fig. 4. Part of the root of the nutmeg tree, cut tranfv erfely.

Fig. 5. A fmall piece of the wood, cut tranfverfely, and which
at fig. 6, is feen drawn from the microfcope.

Fig. 7. Another finall picce of the wood, cut in the fame di-
rection, and ftill farther magnified.

Fig. 8. A piece cut Iengthwa} s, and magmﬁcd

Flg. 0. Another piece, viewed in a different pofition.

Fig. 10, 11, 12. Different views of the minute tubes in this
wood, nlagniﬁtcl

Fig. 13.  An aurelia, or grub, found among mace newly im-
ported from India.

Fig. 14.  The flying infect produced from this aurelia.

Hizx 15, “The nﬂtuml fize of a minute nmggﬂf which feeds on
the ml_} fubftance in the leaves of Mace.

Fig. 16. Part of a leaf of mace, (hewing the opﬂnmg made b_y
this maggot, and the appearance of the leaves when injured by it.

Fig. 17. A Nutmeg inclosed in its fhell, and covered with the
leaves of mace.

Fig. 18. The fhell wherein the nutmeg is inclofed, opened on
one fide, to fhew the ligament whereby the nut is nourithed.

Fig. 10. A flice of this ligament, cut tranfverfely, as viewed
ihmugh the microfcope, fhewing the many veflels it contains.

Fig. 20, 21.  The bark, or fhell of the nutmeg, broken in two
pieces, and feen on oppofite fides.

Fig. 22. -The nut itfelf.

Fig. 23. A drawing from the microfcope, of the maggot, which
at fig 15. is fhewn of its natural fize.

Fig. 24. A flying infect produced from this maggot, magnified,

Fig. 25. One of its wings, magnified.

‘ PLATE XI.
Fig. 1. A piece of Elm, cut traniverfely, magnified from the
natural fize thewn at E.
Fig. 2. A piece of the fame wood, cut longitudinally.
Fig. 3. Spots on the membranes, compofing the velels in this

wood, as they appear through the mmrut"mpe
Fig. 4. A piece of Beech, cut tranfverfely, magnified from

the natural fize thewn at T. ‘ .
Fig. 5. A piece, cut longitudinally, and magnified.
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Fig. 6. A piece or willow, cut tranfverfely, and magnified ; the
natural fize of it is thewn at T, fig. 6

Fig. 7. A piece of the fame wood, cut longitudinally.

Fig. 8. A particle of alder, the natural fize of which was the
thicknefs of an hog’s briftle. o

Fig. 9. A piece of the fame wood, cut in a contrary direction.

Fig. 10. A particle of ebony, greatly magnified: this to the
naked eye appeared no larger than a grain of fand.

Fig. 11. Another particle, cut longitudinally to fhew the dif-
ferent veflels. .

Fig, 12. One of thofe veflels, ftill farther magnified.

Fig. 13. A piece of box wood, drawn from the fame magnifier.

Fig. 14.  Another pier: , cut in a different direétion.

Fig. 15. A piece of Lime-tree, cut tranfverfely.

Fig. 16. A piece of the fame, cut lnngnudmallv

PLATE XII.
Fig. 1. Anant's egg, magnified, the natural fize of which was
not 1o large as a grain of fand.
Fig. The fame laid open, thewing the young maggot.
Flg. 3. Another, fhewing the maggot in a more advanced ftate.

b2

Fig. 4. The maggot, completely formed.
Fig. 5. The maggot viewed by a deeper magnifier.
Fig. 6. The fting of the ant, magnified.

Fig. 7. The natural fize of the ants bred from thefe maggots.

Fig. 8. The forceps, or fang of the Millepeda Indica, or thoufand
legs, from India, taken out of the body and magnified.

hg 9. The Indian Millepeda, of its natural fize.

Fig. 10. A worm or maggot, bred from the egg laid by the Flea,
as feen through the microfcope.

Fig. 11. The egg of the Flea, with the worm in it, magnified
trom its natural fize, which was no larger than a {mall grain of fand.

Fig. 12, The thell of the egg, after -the worm had quitted it.

Fig. 13. A cryfalis, into which the maggot is changed.

1“0' 14. The fkin left by the .maggot when it changes.

Iig. 15, "Fhe cryfalis, in a more advanced ftate of growth.

Fig. 16. The Flea, completely formed.

Fig. 17. A part of the flea’s head, with its two horns, and the
theath which contains the piercers.

B
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Fig. 18. The fheath, feparated from the two piercers, which
are feen joined in one, at K.

Fig. 10. The two ftings, or piercers, feparated at O N.

Fig. 20. One of the hind legs of the flea, greatly magnified.

Fig. 21. The head and (fig. 22.) the tail of the maggot’s body,
farther magnified than they appear in fig. 10.

Fig. 23, The glafs wheremn the Author inclofed the fleas for ob-
fervation.

: PLATE XIIIL. :

Fig. 1. A feed of the afh, its natural fize.

Fig 2. The fhell or pod which contains this feed, laid open,
and the feed taken out, to thew the ligament or ftring through
which it received its nourifhment.

Fig. 3. The young plantin this feed, magnificd.

Fig. 4. A piece of the fitem, cut tranfverfely, at the place marked
B G in the laft figure, and drawn from a deeper magnifier, to thew
the veflels it contains.

Fig. 5, 6. The leaves of the young plantin a walnut, magnified.

Fig. 7. A figure, to illufirate the Author’s reafoning upon the
manner in which veilels in plants reccive their nourithment.

Fig. 8. The young leaves in the feed of an almond, magnified.

Fig. 0, 10. The fame, in the kernels of a cherry and an apple.

Fig. 11. The filberd, taken out of'its fhell, to thew the ligament
by which it was nourithed.

Fig. 12. 'Lhe internal make of thefe ligaments defcribed.

Fig. 13. A filberd, drawn fomewhat larger than the natural
fize, to thew more plainly the manner of its growth.

- Fig. 14. A {lice, cut tranfverfely from the ligament of an al-
mond, and magnified.

Fig. 15. The feed of the willow, its natural fize.

Fig. 16,17. Figures, to thew the nature and ufe of the cotton
which inclofes this feed.

Fig. 18. A fingle dry feed of the willow, magnified.

Fig. 19. The fame feed, after being placed in moift fand thirty-
fix hours, and beginning to vegetate.

I-'jg, 20. A cheinnt, broken in half, to thew the ‘}-'mmgpl;mt at A.

Fig. 21. A chefhur, ina ftate of vegetation. '

Fig. 22. A walnut, before it begins to vegetate,

Fig. 23. A walnut, in a flate of vegetation.

Fig. 24. The {ced of the cotton, entirely confifting of a young
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- plant, and]eavest clofely folded round it, which are here thewn, laid
open, and magnified.
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PLATE XIV.

Fig. 1. The tunica cornea of a beetle’s eye, magnified, thewing
the number of eyes it contains.

Fig. 2. Two optic nerves taken out of the head of a large fly, as
they appear through the microfcope. :

Fig. 3. Seven of the fame nerves.

Fig. 4. A great number of the fame nerves, heaped together.

Fig. 5. The brain, taken out of the head of a gnat, magnified.

Fig. 6. One of the hairs on the foot of a crab, magnified.

Fig. 7. ST, part of the fame hair, viewed in another pofition,

Fig. 7. ABCD EF, a finall crab, in the hind feet of which
the circulation of the blood was feen by the Author.

Fig. 8. A willow leaf, on which a fmall maggot is bred.

Fig. 9. The fly, which lays the eggs from which thofe maggots
are produced, of its natural fize.

Iig. 10,11, 12, 13. Different parts of the fting with which this
fly pierces the willow leaf, to lay its eggs, magnified.

Fig. 14. A minute maggot, which preys on thefe maggots.

Fig. 15. The aurelia of the maggot, on the willow, magnified.

Fig. 16. Ananimalcule, found in freth water, as feen through
the microfcope, .

Fig. 17, 18. Different parts of its limbs, farther magnified.

Fig. 19, 2o, 21. 22, Glafs tubes, ufed by the author, in making
experiments on the properties of the Load{tone.

Fig. 23. A piece of the fhell of a feed of the fig, magnified.

Fig. 24, 25.  The young plant, taken out of this feed. '

Fig. 26. The young plant taken out of one of the feeds on a
ftrawberry, magnified.

PLATE XV.

Fig. 1. One of the fibres, compofing the flefh of an Ox, the na-
tural fize of which was no more than the fourth part of an hair,
but which when viewed by the microfcope, appeared to be ccmpofed
of many fmaller fibres, filaments, or threads.

Fig. 2. A fibre expanded, to Ih;.-w its compoenent filaments,
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Fig. 3. Minute Eels, difcovered by the microfcope, whofe boa
dies are {maller than thefe filaments,

Fig. 4. One of the fithy fibres in ‘a Cod fith, !I‘I"I%ﬂ';ﬁf_‘d “

e - fibre in the hind 1€g ofa nog, wgnified.
}i S }E} Eﬁﬂ:,ﬁtu 1l'luitmt{: the Author’s reafoning on the fub-

jeét of thefe fibres,

Fig. 7. Fragment of a flethy fibre in the breaft of a flea.

Fig. 8. Appearance of the fcales which cover the furface of the
human body, viewed by an ordinary magnifier.

Fig. 9. One of.thofe fcales, viewed by a deep magnifier.

Fig. 10, 11. Different views of thefe fcales, magnified.

Fig. 12, 13. Scales, taken from the lips, magnified.

Fig. 14. A {mall particle of an ox’s thigh-bone, fixed on the
point of a needle, E F G, and drawn from the microfcope.

Fig. 15. 'The natural fize of this piece of bone.

F|g 16. A B C, different views, drawn from the microfcope, of
the calcareous fubftance, called chalk-ftones, in a gouty perfon.

Fig. 17. 'The appearance of this fubftance wlen boiled in w.l.tm
and fpread upon a glafs before the microfcope.

Fig. 18, 1g, 20. ’hm'.s from the microfcope, of the different
(alts found 1n this fubﬁmm, after being expofed to a firong heat.

Fig. 21, 22, 23, 25. Views, from the microfeope, of the dif-
ff:rtnt falts found 'm the fubftance, compofing the ftones in the
bladder, after it had been expoled to the fire. _

Fig. 26. A fmall particle of one of thefe ftones, magnified.

Fig. 27. 'The real fize of the fame particle.

Fig. 28, 20, 30. Glafles, ufed by the author, in his experiments
on the explofion of Gunpowder.

PLATE XVI.

Fig. 1. The head of a Loufe, magnified.

Fig. 2. The fore-part of the loufe’s head, farther magnified, to
fhew the piercer, or organ, with which it fucks the blood.

Fig. 3. The fheath of this piercer taken out of the head, with
the fting or piercer, I) M.

Fig. 4, 5. Views of the fting which the male loufe carries in its
tail, drawn from the microfcope.

Fig. 6. One of the fix feet of the loufe, magnified.

Fig. 7,8. The loufe’s egg, (commonly called a nit) fixed toa
hair, as feen through the microfcope.
Fig. 9. A mite’s egg, magnified,
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Fig~ m. A mite, as feen throngh the microfcope.

Fig. 1 A maggot, which tceds on the grafs in meadows.

I'ig. 3. The maggot, changed into an aurclia. or grub.

Fivr 13.. The tkin, put off’ by the maggot, on its change.

I'lg 14, 15. The male and female flying infects, produced from
this maggot.

Fig. 16. A flying infect, that lays its eggs in the blofloms of
fruit tl’t_‘ES.

Fig. 17. Part of the head of this infed, magnified, fhewing the
organ with which it pierces the buds.

Fig. 18. A fide view of this organ,

Fig."19. A {mall part of one of the legs of this infect.

Fig, »¢. A crvialis, or grub, found on .1pple trees.

Fig. 21. The flving animal produced from this grub.

Fig. 22. A fmall {pecies of fly, its natural fize.

Fig. 23.  One of the wings of this fly, mf.lgniﬁul.

Fig. 24.  The head of the fame {lv, magnified.

Fig. 25, Another 1;:*:_::19#. of tmall fly, 1ts natural fize.

Fig. 26.  One of the wings of this li_} magnitied.

Fig. 27.  One of its two horns.

Fig. 28. The natural fize of an animalcule, which infefis the
young thoots of fruit-trecs, particularly goofeberries and currants.

Fig. 29. The fame ammal, as feen through the microfcope.

Fig. 30. The fame animalcule, changed into a fly.

Fig. 31. One of the young of this animalcule taken out of the
parent’s body, and nmgmhr d.

Fig. 32. Ll“’h[ of the fame young, magnified.

Fig. 33. A I:'r one of the eyes of this animalcule, greatly mag-
nified, confifting of many eyes, or optical orguns.

Fig. 34. An animalenle, . found in I.i'm fediment in gutters on
the roofs of houles. as it appears through the microfcopes

Fig 34, A B CDEF G, another of thefe animalcules, magni-
fied, thewing the manner in which they move from place to place.

tig, 35, A thll fmaller animalcule, obierved in the water which

’.‘{Julilltlﬂd the former ones.

PLATE XVII.
Fig, 1. Two {mall blood-veflels in the tail of an Eel, in which the
circulation of the blood is defertbed, as feen by the Author.

|
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Fig. 2 to 13. A particular reprefentation of the Author's ap-
paratus for viewing the circulation of the blood in the tail of an
eel, and likewife in the tails and fins of other fifhes.

Fig. 14, 15, 16, 17. Various minute blood-veflels in the tails
and fins of fifhes, magnified ; in which different appearances of the
circulation were difcovered by the author.

Fig. 18, 19. A reprefentation of Mr. Leeuwenhoek’s micro-
fcope, as deferibed by Mr. Henry Baker, from the originals, which
were bequeathed to the Royal Society.

Fig. 20. The egg of a Frog, its natural fize.

Fig. 21.  The young animal, fully formed in the egg.

Fig. 22, 23.  Views of the {ame animal, after it had quitted the
egg, magnified.

Fig. 24. One of thefe young animals, (called Tadpoles) beginning
to allume the thape of a frog, (the two hind legs being formed) of
the fize it appears to the naked eye.

Fig. 25. A figure, to illuftrate a particular appearance, noticed
by the Author in the circulation of the blood, in an artery.

Fig. 26, 27, 28, 29. Particles in the blood of different fithes, as
feen through the microfcope.

Fig. 30, 31. Figures, to illuftrate the Author’s opinion, that each
particle of blood is compofed of fix {maller particles.

Fig. 32. A vein and artery, greatly magnified, with the fmaller
veflels by which they are united, to explain a particular appearance
in the circulation noticed by the auther.

PLATE XVIII.

Fig. 1 to 5. ' Yor thefe figures see Plate XX, a b c d e.

Fig. 6. 'The fting of a Gnat, with its fheath or cafe, as deferibed
by Swammerdan.

Fig. 7. Thefheath and fting of the Gnat, as feen by Mr. Leeu-
wenhoek through his microfcope.

Fig. 8to 14. Reprefentations of different parts of this fting, the
fame appearing to be compofed of many pieces.

Fig. 15. One of the two ftings of the horfe-fly, magnified,

Fig. 17. One of the feathers on a Gnat, magnified.

Fig. 18. The natural fize of the wing of a gnat. .

Fig. 19. The famne, fomewhat magnified.

Fig. 20. One of the feathers on the wing, greatly magnified.
A B C D reprefents a fimall portion of the wing, greatly magnified,
to thew the feathers on its border, and the hairs on its membrane.
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Fig. 21. A maggot, bred from the egg, laid by the common Fly.
Fig. 22. The cryfalis, into which this maggot changes.
Fig. 23. The common Fly, of its natural fize,

Fig. 24, 25, 20. Different views of the fting of the common Net-
tle, as feen through the microfcope.

Fig. 27, 28. One of thefe ftings, cut tranfverfely, thewing it to
be hollow, for the purpﬂfe of emitting fome pmimmu hquor,

Fig. 29. 30. Views of an unborn Shrimp, taken out of the egg,
and placed before the microfcope.

Fig. 31, 32, 33. Views of the eyes of the thrimp, as magnified
from the natural {ize, which is thewn at X, and confifting of'a great
number of eyes or optical organs.

Fig. 34. The fhrimp’s tooth, magnified.

Fig. 35. A minute fhell, taken out of the ftomach of a fhrimp.

Fig. 36. The fame, feen through the microfcope,

Fig. 37. A minute {ea-fnail, found in the ftomach of a fhrimp.
and mdgmﬂcd

Fig. 33, Some of the fhrimp’s eggs, as found in the bodyv.

Fig. 39. 'The receptacle of the eggs, its natural fize.

Fig. 40. View of the fhrimp’s claws, magnified.

PLATE XIX.

Fig. 1. Five of the component particles of Pepper, as fcen
through the microfcope.

Fig. 2. Figure of the long pepper, as it grows on the ftalk.

Fig. 3to7. The different faline particles extracted from pepper,
as feen through the microfcope.

Fig. 8 to Jo. Saline particles in white pepper, magnitied.

Fig. 11 to 15. Saline particles, extracted from Tca, nm;ﬁnilicd.

Fig. 16 to 22, Saline particles in Cantharides, magnified.

Fig. 23, T he young plant in a grain of Rye, 111;1,1!"1;1{(1

Ft-r. 24. A view taken from “the lmcruﬁ_upv of a flice cut
thmufrh the young plant in a grain of Barley, thewing 1t to contain
the origin of five young ftems, or plants.

Fig. 2s. 'I'he young plant, taken out of a grain of Buck-wheat,
ITIf]flLId{{‘I_}’ magnified. 1o thew the root and leaves found in it.

Fig. 26. A flice of the fame {feed, cut tranfverfely, thewing the
curious manner in which the leaves are difpofed.

Fig. 27. The feed of Tobacco, vugniﬂul

Fig. 28, 20. The voung plant in this feed, magnified,
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Fig. 30. The tobacco feed in a ftate of vegetation, after bemg
mur days in moift fand, as it appeared through the microfcope.
- Fig. 31. A branch of currants in the bud, magnified.
ig. §2. A piece of bulrufh, the natural fize.
Fig. 35.  One of the tubes it contains, with its valves.

Fig. 34. The appearance of thefe tubes and valves, as feen_

through the microfcope.
Fig. 35. One of the {inall veflels in a rufh, farther magnified.
Fig. 36. A flice cut from the bulruth tranfverfely, and drawn
from the microfcope.
Fig. 37. A fmall portion of a nerve, magnified.
Fig. 38.  Several nerves, magnified, adjoining each other.
Fig. 30. A fmall portion of the {pinal marrow, magnified.

. PLATE XX.

Fig. 1. Reprefentation of a glafs invented by the Author for ex-
tr.uhng air out of water and other liquors.

Fig. 2. The plug or pitton ufed with this tube,

Fig. 3. A glafs globe and apparatus invented by the Author, to
illuftrate his opinion refpecting the earth’s diurnal motion

Iig. 4 to 8. Figures to illuftrate {fundry pofitions laid down by
the Author, refpecting the circulation of the bloed in an huinan body.

Fig.9. A part of a mufcle-fhell, on which, at E, is thewn the

thell of a {fmall fith adhering to it.

Fig. 10. The body of this fith, as feen through the microfcope.
G H I, are eggs of the fame fith, magnified.

Fig. 11. A fmall part of the eye of the common fly, moderately
magnified, thewing the appearance of its ooptical organs.

Fig. 12. A {mall part of the eye of the libella, or dragon fly, as
feen [hmugh the microfcope.

Fig.a. A fmall particle of phofphorus, fhewing the manner in
which its light appeared to be emitted, when viewed through the
microfcope.

Fig. be de. Glafs tubes ufed by the Author in his examina-

tion of phofphorus.
L3
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