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AN

INTRODUCTION

TO

ENTOMOLOGY.

LETTER XXXVIL -

INTERNAL ANATOMY AND PH YSIOLOGY
OF INSECTS ' :

SENSATION..

HAvING given you this full account of the e.rtemal
. parts of insects, and their most rema.rkable variations;
I must next direct your attention to such discoveries as
have been made with regard to their Internal Anatomy
and Physiology : a subject still more fertile, if possible,
than the former in wonderful - manifestations of the
POWER, WispoM and coopNEss of the CREATOR.

The vital system of these little creatures, in all its
great features, is perfectly analogous to that of the ver-
tebrate animals. Sensation and perception are by the
means of nerves and a common sensorium ; the respiration
of air is evident, being received and expelled by a par-
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2 INTERNAL ANATOMY OF INSECTS.

ticular apparatus; nutrition is effected through a sfomach
and intestines ; the analogue of the dlood prepared by
these organs pervades every part of the body, and from
it are secreted various peculiar substances; generation
takes place, and an intercourse between the sexes, by
means of appropriate organs ; and lastly, motion is the
result of the action of muscles. Some of these funetions
are, however, exercised in a mode apparently so dissimi-
lar from what obtains in the higher animals, that upon a
first view we are inclined to pronounce them the effect of
processes altogether peculiar. Thus, though insects re-
spire air, they do not receive it by the moutk, but through
little orifices in the sides of the body; and instead of
lungs, they are furnished with a system of air vessels,
ramified ad infinitum, and penetrating to every part and
organ of their frame ; and though they are nourished by a
fluid prepared from the food received into the stomach,
this fluid, unlike the blood of vertebrate animals, is whsze,
and the mode in which it is distributed to the different
parts of the system, except in the case of the true Arack-
nida, in which a circulation in the ordinary way has been
detected, is altogether obscure.

In order that you may more clearly understand the
variations that occur in insects, and in what respects
they differ amongst themselves, and from the higher ani-
mals, in the vital functions and their organs, I shall con-
sider them as to their organs of sensation, respiration, cir-
culation, nutrition, gemeration, secretion, and muscular
motion. | - |

Organs of Sensation.—The nervous system of animals
is one of the most wonderful and mysterious works of
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the CreaTor. Its pulpy substance is the visible medium
by which the governing principle* transmits its com-
mands to the various organs of the body, and they move
instantaneously—yet this appears to be but the conduct-
or of some higher principle, which can be more imme-
diately acted upon by the mind and by the will. This
principle, however, whatever it be, whether we call it the
nervous fluid, or the nervous power®, has not been de-
tected, and is known only by its effects. The system of
which we are speaking may therefore be deemed the
foundation and root of the animal, the centre from which
emanate all its powers and functions.

Comparative anatomists have cansidered the nervous
system of animals as formed upon zkree primary types,
which may be called the molecular, the ganglionic, and
cerebro-spinal®. 'The first is where invisible nervous
molecules are dispersed in a gelatinous body, the exist-
ence of which has only been ascertained by the nervous
irritability of such bodies, their fine sense of touch, their
perceiving the movements of the waters in which they
reside, and from their perfect sense of the degrees of
light and heatd. Of this description are the infusory
animals, the Polypi, the star-fish and sea-urchins. The
nervous molecules in these are conjectured to constitute
so many ganglions, or centers of sensation and vitality .
The second, the ganglionic, is where the nervous system

3 To "‘Hoyseonixor.

b See Hooper’s Medical Dictionary, under Nervous Fluid, and
Mr. Sandwith’s useful Introduction to Anatomy and Physiology, 83.

¢ N. Dict. d Hist. Nat. xvi. 305—.

4 Cuv. 4nat. C’omp ii. 362. Compare MacLeay Hor. Entomolog.
215—. ¢ N. Dict. d’ Hist, Nat. ubi supr.

B 2



4 INTERNAL ANATOMY OF INSECTS.

consists of a series of ganglions connected by nervous
threads or a medullary chord, placed, except the first
ganglion, below the intestines, from which proceed nerves
to the various parts of the body2. This prevails in the
Classes Insecta, Crustacea, Aracknida, Mollusca, Annelida,
&c. In the third, the cerebro-spinal, the nervous tree
may be said to be double, or to consist of #wo systems—
the first taking its origin in a brain formed of two hemi-
spheres contained in the cavity of the head, from which
posteriorly proceeds a spinal marrow, included in a dor-
sal vertebral column. These send forth numerous nerves
to the organs of the senses and the muscles of the limbs.
Thesecond consists of two principal ventral chords, which
by-their ganglions, bnt without any direct communica-~
tion; anastomose with the spinal nerves and some of
those of the brain, and run one on each side from the
‘base of the skull to the extremity of the sacrum. This
system consists of an assemblage of nervous filaments
bearing numerous ganglions, from which nervous threads
are distributed to the organs of nutrition and reproduc-
tion®. Its chords are called the great sympathetic, the
sntercostal, or trisplanchnic nerves®., While the first of
these two systems is the messenger of the will, by means
of the organs of the senses connects us with the external
‘'world, and is subject to have its agency interrupted by
sleep or diseased ; the latter is altogether independent of

s N, Dict. & Hist. Nat. xvi. 306.

b Jbid. 307. The great sympathetic nerves in ﬁ:lze: are said to
have no ganglions. Cuv. ubi supr. 297.

¢ They are called trisplanchnic because they render to the three
cavities of the viscera:—viz. the thoracic, the abdominal and the

pelvic. N. Dict, d’Hist. Nat. xxil, 524. 527.
d In Hemiplegia, &c.
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the will and of the intellect, isconfined to the internal orga-
nic life, its agency continues uninterrupted during sleep, .
and is subject to no paralysis. 'While the former is the
seat of the intellectual powers, the latter bas no relation
to them, but is the focus from whence instincts exclu-
sively emanate : from it proceed spontaneous impulses
and sympathies, and those passions and affections that
excite the agent to acts in which the will and the Judge-
ment have no concern®. |

. It is probable, though the above appear to exhxblt
the primary types of nervous systems, that-others ex-
ist of an intermediate nature, with which future investi«
gators may render us better acquainted®: but as our bu-
siness is solely with that upon which insects in this re-
spect have been modelled, without expatiating further in
this interesting field, I shall therefore now confine myself
to them.

We have before seen® that the nervous system of in-
sects belongs to the ganglionic type: but it requires a
more full description, and this is the place for it. -It ori-
ginates in a small brain placed in the head, and consist-
ing almost universally of two lobes, sometimes extremely
distinct. It is placed over or upon the asophagus or gul-
Jet, and from, its postérior part proceeds a double ner-
vous chord, which embracing that organ as a collar dips
below the intestines, and proceeds towards the anus, form-
ing knots or ganglions at intervals, in many cases cor-

* N. Dict. & Hist. Nat. xvi. 307.

b Thus in the Mollusce there must be a great difference in this
respect, since in some of these the brain or cerebral ganglion has
been cut off with the head, and another reproduced. I%id. xvi. 306.
Comp. v. 391, ¢ Vor. Il p. 29.
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responding in number with the segments of the bedy,
and-sending forth nerves in pairs, the ramifications of
which are distributed to every part of the frame. This
may be considered more particularly with respect to its
substance and colowr ; its tunics ; and parts. A

I. Substance and Colour.—The nervous apparatus of
insects is stated by those who have examined it most nar-
rowly, though consisting of a cortical and medullary part,
the latter more delicate and transparent than the former,
to be less tender and less easy to separate than the -hu-
man brain®. It has a degree of tenacity, and does not
break without considerable tension; in general, it ig
clammy and flabby, and under a microscope a number
of minute grains are discoverable in it, and when left to
dry upon glass, it appears to contain a good deal of oil,
which does not dry with the restt. That of the gan-
glions differs from the substance of the rest of the spinal

chord, in being filled with very fine aérial vessels, which
~ are not discoverable in the latterc. With regard to co-
lour, Lyonnet states that the chords of the spinal mar-
‘row in the larva of the great goat-moth are of a blueish
gray, and have some transparence?; Malpighi and Swam-
merdam observed that the cortical part of the ganglions of
that of the silk-worm and the hive-bee had a reddish hue,

* Lyonnet Anatom. 100, b Z&id. 101,

¢ Ibid. 100. In man and the vertebrate animals, the medullary pulp
is every where homogeneous ; under the microscope it appears to con-
sist of a number of minute conglomerated globules. M. Vauquelin has
analysed it, and found it to contain, of water 80 parts, of albumen
in a state of demicoagulation 70 ; of phosphorus 1:50; of osmazone
1'12; of a white and transparent oily matter 453 ; of a similar red
do. 0°75; of a little sulphur and some salts §'15. N, Dict. d’ Hist.
Nat. xxii. 531—. 4 Anat. 99,
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while the medullary part was white®; Cuyier relates that
the brain and the third ganglion in Hypogymna déspar,
with us a scarce moth, differed in colour from all the
rest, being quite white, while the others were more or
less tinted, and examined under a lens appeared varie~
gated by reddish sinuous markings, resembling blood-
vessels as they are seen in injected glands®.

I1. Tunics.—The coats that inclose the various branches
of the nervous system in insects seem analogous to those
* of vertebrate animals. The first thing that strikes the
eye, when these parts in a recent subject are submitted
to a microscope, is a tissue of very delicate vessels, which
ramify beyond the reach of the assisted sight; these are
merely air-vessels or bronckie derived originally from the
irgchece of the animal : but besides these is an exterior
and ap interior tunic; the first corresponding with the
dura mater of anatomists; and the other, which is the
most delicate and incloses the cortical and medullary
parts, with the pia mater®,

III. Parts.—The nervous system of insects consists
of the brain ; the spinal marrow and its ganglions ; and
the nerves. -

i. Braind, Linné denied the existence of a brain in
insects, and most modern physiologists seem to be of the
same opinion. A part however, analogous to this impor-
tant organ—at least in its situation, and in its emission of
nerves to the principal organs of the senses, in which re-
spect it certainly differs very materially from the upper

Malplgh de Bombyc 20. Swamm. Bill. Nat. i. 224 a.
b Anat. Comp. ii. 348.
¢ Lyonnet Anat. 100. ¢. iv. f. 6.. Sandwith Introd 659—.
d Prate XXI. Fie. 1. 7. 8. a.
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cervical ganglion, which Dr. Virey regards as its ana-
logue-—is certainly to be found in them ; and as Messrs.
Cuvier and Lamarck: distinguish this part by the name
of 'bratn, we may continue to call it by that name with-
out ihpropriety. The brain of insects, then, is distin-
guished from the succeeding ganglions of the spinal chord
by its sétuation in the head, the middle of the internal
cavity of which it occupies, and by being the only gan-
g]imr above the cesophagus. It is usually small; though
, in'some cases larger than they are®. It consists of two
lobes; more or less distinct and generally of a spherical
form.” - In Oryctes nasicornis and Pieris Brassice the
lobes are separated both before and behind ¢ ; while in the
larvaof Dytiscus marginalis, but not in‘the imago, in which
there are two large hemispheres' separated by a furrow,
the brﬁn is undivided?. Cuvier mertions the latva of
a Tenthredo L. in whichr this partis formed of four nearly
equal spherical bulbse: in'the Scorpion (to judge by the
figure of Treviranusf) the two lobes represent an’equi-
lateral ‘trisrigle, the exterior angle of which terminates
it several lesser spherical bulbs; in Acrida viridissima,
Nepa cinerea, Clubiona atroz, and the common Louse, the
lobes are peéxr-shapedg ‘
it. The spinal marrow and its ganglions h' From the
‘posterior part of the brain of insects, but in Carebus and
Dytiscus L. from its sides below', issue two chords which

¢ N. Dict. d’ Hist. Nat. xxii. 527. b I#id. v. 591.

¢ Cuv. Anat. Comp il. 318. Swamm. Bibl. Naz. ¢. xxix. f. 7. He-
rold Sehmetterl, t. ii. . 1—10. a. 4 Cuv. Ibid. 322. 337.

e Ibid. 324. ¢ Arachnid. t.i. f. 13. m.m,

¢ Cuv. ubi supr. 343.346. Treviranus Arachnid. 1. v. f. 45. a.
Puate XXI. Fic. 8.4,  ® Ibid. Fic. 1. 5. i Cuv. ubi supr. 337.
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divergimg embrace the asophagus; and- dipping below it
and the intestines,—a situation they maintain to the end
of their course,~—and in their further progress uniting at
mtervals and dilating into several knots or ganglions,
compose their spinal marrow. This part is so named,
from a supposed analogy to the spinal marrow of verte-
brate animals, which however admits of some degree of
doubt; yet, since’ it mixes the functions of that organ
with those of the great sympathetic nerves, the-denomi-
mation- is not wholly imprepeér, and~may be retained.
Though this chord is usually double when it first pro-
ceeds from the brain, and surrounds the asophagus like
& collar,- yet in some insects it may be called a single
chord. This is the case with-that of the common louse,
in which Swammerdam could- perceive no opening for
the transmission of the part just named®; if he was not
shistaken in this, the brain, as well :as the rest of the spi-
nal marrow in that animal, would be below the intestines;
fromthe figures of Treviranus it should seem that the
spiders, at least Clubjosa alrox, are similarly circum-
stanced® ; in the cheese-maggot, which- turns to a two-
winged fly ( Tyrophaga putris K.), the chord is also sin-
gle, but it has a small orifice through which the gullet
passes®. At the union of the chords in other cases be-
low that organ, a knot or ganglion is usually formed, and
an alternate succession of internodes and ganglions com-
monly follows to the end. 'The internodes slsa may ge-
nerally be stated to consist of a double chord, though
- in many cases the two chords unite and become one, ar

s Prare XXI. Fic. 8. Swamm, Bibl. Nat. i. 36. b.
® Arachnid. t. v. f. 45. c Swamm. ubi supr. &. xliii. f. .
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are distinguished anly by a longitudinsl furrow, and even
where they are really distinct and separable, in the body-
of the insect they lie close together?. In Oryctes nasi-
cornis and Acrida viridissima &c. all the internodes con-
sist of a double chord ®; but in many other insects nume-
rous variations in this respect occur.—Thus in the stag-
beetle the Jast internode is single¢; in the caterpillar of
the cabbage butterfly (Pieris Brassice) the five first are
donble, and the six last singled ; in that of the great goat~
moth (Cossus ligniperda) the three first only are double,
but the others terminate in a fork®; in the cock-roaches
(Blatta) the four first, in Hydrophilus piceus the three
first, and in Elophilus tenax the two first only are double,
the rest being all singlef. A singular variation takes
place in Hypogymna dispar ; all the internodes are single,
except the second, the chords of which at first are sepa~
rate, and afterwards united& ; and, to name no more, in
Clubiona atrox there is only one internode, which is sin-
gle, with a longitudinal furrow", Insome, as in the louse,
the grub of Oryctes nasicornis, and the cheese-maggot,
there are no internodes, the spinal marrow being formed
of knots separated only by slight or deep constrictions?,
I must next say something of the ganglions®*. Lyon-
net has observed that, in the caterpillar of the great goat-

* Swamm. ubi supr. 112. a.

b Cuv. Anat. Comyp. ii, 337. 343 .

< Ihid. 336, : dHeroldSchmetterltu.fl

¢ Lyonnet A4uat. 98,

f Cuv. ubi supr. 342, Gaede N. Act Acad. Ces. XL. ii. 323. Cuv
Ibid, 351. - & 1bid. 348.

b Treviranus Arachnid. t. v. f. 45.

! Pate XXL Fi6. 7. 8. Swamm. Bibl, Nat. t. xhit. f. 7

* Prate XXI Fie. 1. 7. 8. ¢. .
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moth, these in one respect differ remarkably from the
chords that connect them; in the latter the air-vessels or
bronchise only cover the outside of the tunic, while in the .
former they enter the substance of the ganglion, which
is quite filled with their delicateand numberless branches®*.
Every ganglion may be regarded in some degree as a cen-
tre of vitality or little brain®, and in many cases, as well
as the brain, they are formed of two lobes®. I shall now
consider them more particularly as to their station, num-
ber, and shape. :

1. With regard to the first head, their statzon, they
are most commonly divided between the trunk and ab-
domen ; but in some cases, as in Hydrophilus piceus and
Acrida viridissima, the first ganglion is in the kead?; in
others, as in the louse, the water-scorpion, and the grub
of the rhinoceros-beetle (Oryctes nasicornis), they are
confined to the #runk, their functions in the abdomen be-
ing supplied by numerous radiating nerves¢; in others
again, as in the scorpion, they are all abdominal. The
ganglions vary also in their situation with respect to each
other. Thus in some, as in the larva of the Chamseleon-
fly (Stratyomis Chameleon), they are so near as to appear
like a string of beadsf; in that of the ant-lion (Myrme-
leon) the two ganglions of the trunk are separated by an
interval from those of the abdomen, which are so conti-

* Lyonnet Anat. 100. b N, Dict. d’ Hist. Nat. xxii, 522—,
¢ Lyonnet ubt supr. t. ix. f. 1—4.
d Cuv. Anat. Comp. ii. 339. 343, * Pratx XXI. Fia. 7.

¢ Swamm. ubi supr. t. xl. f. 5. Cuvier (ii. 332.) accuses Swam-
merdam of representing the spinal marrow in this grub as producing
nerves only on one side; whereas he expressly states (ii. 50. b.) that a
considerable number spring on each side from the eleven ganghon&
but that to avoid confusion he had omitted some.
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guous as to resemble. the rattle of the rattle-snake?. In
others the internodes are longer, and the ganglions occur
st nearly equal intervals, as in the larva of the Ephe-
.mere® ; but in the majority they. are unequal in length :
thus in the scorpion the three first ganglions are the most
distant<; in the hive-bee the thu'd and fourthd; and in
the. spider the last®.

2. The ganglions also in different species, and often
in. the same. insect in its different states, vary in their
number. Thus in the grub of the rhinoceros-beetle the -
whele spinal marrqw appears: like a single ganglion-di-
vided.only by transverse furrows ; in the water scorpion
there are #wok ; in the louse there are ¢kree®; in the rhi-
noceros-beetle there are four!; five in the stag-beetle* ;
seven in the hive-bee and some Lepidoptera’; eight in the
grub of the stag-beetle™; nine in the great Hydrophilus® ;
teri in Dytiscus®; eleven in the grub of the great Hydro-
philus® ; twelve in the grub of Dytiscus and the caterpil-
lars of Lepidopterad; thirteen in the larva of Zshnar ;
snd twenty-four in Scolopendra morsitans®. You must
ebserve that, generally speaking, the number of ganglions

». Cuv. ubi supr. 325, b Swamm. Bibl. Nat, . xv. f. 6.
< Treviran. 4rachnid. t. 1. f. 13, 1—4. -

4 Swamm. ubi supr. ¢. xxii. f. 7. |
" ® Treviran. ubi supr. t. v. f. 45. f Prate XXI, Fre. 7.

s Cuv. Anat. Comp. ii. 346. b Prate XXI. Fie. 8.

Cuv. ubi supr. 337. k Ibid. 335—. 1 Ibid. 348.

™ Ibid. 320—, - » Ibid. 340—. o Ibid. 338 —.
- P Gaede ubi supr-.

1 Cuv. ubi supr. 323—. 327—. Mr. Bauer (Phd Trans. 1824, ¢.1i.
/. 1.) has figured only seven, excluding the brain, in that- of the silk-
worm, and Malp1gh1 (De Bombyc. t.vi. f. 2.) ten,~Swammerdam
(Bibl. Nat. t. xxvili. f. 3.) however has fwelve.

r Ibid. 326. - . * Ibid. 3b2.
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is less in the imago than in the larva. ~ With regard to
the distribution of these knots to the different primary
parts: of the body, the following table will exhibit it, .as
far as T am aequainted with it, at one view. Iomit those

in which the ganglions are only in orie of these parts.

‘ Head. “Trunk. - Abdomen.
Acrida viridissima ceeeee 1 cececeece 8 sisvecess ‘B8
Hydrophilus picets cvceee 1 scserives 6 covssesss '@
Clubiona atrox .iceesese 0 ecrevecees 2 ceoveense 1
Gryllotalpa vulgaris ...c 0 ceceerves 2 covnsense 7P
Myrmeleon Laroa .cccco O wieeceees 2 ociareees 8¢
Elophilus tenax .vecesses O sevescsee 8 socoeoses 29
Apts domestica coeveeesiies O severvens 8 cerevenee &
Ephemera Laroa cceeeees O crveenens 8 coevoncee T

Eb’hnq Larva oooooooo.oooo. 0 vessssces 6 (XIX YT YT 7

8. I am next to say a few words’ upon the shape of the
ganglions. Most commonly it approaches to a sphkerical
figure, but in many instances, as I said before, they, as
well as the brain, consist of #wo lobes : they are, however,
seldom all precisely of the same shape. In the Dyisci,
and Carabi, the last is marked with a transverse furrow,
which seems to indicate the reunion of two®; in the stag-
beetle, the first ganglion is oval or elliptical, the second
hexagonal ; the third and fourth shaped like a crescent,
and the last like an olive ; in the caterpillar of the great
goat-moth the first is. oblong and constricted in the mid-
dle, and the seven last are rhomboidal®; in the great
Hydrophilus the second, and in the silk-worm al! the gan-

¢ Ibid, 325—.
¢ Ibid. 335—.

b Ihd. 345.
¢ Ibid. 339.

s Cuv. ubi supr. 343—.
4 Tbid. 351.
¢ Lyonnet Anat. 190.

[ = e e T SO
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glions are quadrangular?; in Hypogymna dispar the
third is heart-shaped®; the great ganglion which forms
the spinal marrow of the cheese-maggot is pear-shaped © ;
that of the grub of the rhinoceros-beetle is fusiform? ;
and 'in the scorpion all the ganglions are lenticular®.
But the most remarkable in this respect are those of a
spider (Clubiona atroz): in this insect the brain sits upon
a bilobed ganglion of the ordinary form, which is imme-
diately followed without any internode by another bi-
lobed one, terminating on each side in four pear-shaped
processes. or fingers, which give it a very singular ap-
pearancef.

iii. The nerves® of insects, as of other animals, are white
filaments running from the brain and spinal marrow to
every part of the body which they are destined to ani-
mate; and their numerous ramifications, when delineated,
form no unpleasing picture”. In the caterpillar of Cos-
sus ligniperda the accurate Lyonnet counted forty-five
pairs of them, and fwo single ones, making in all ninety-
two mnerves; whereas in the Auman body anatomists
count only seventy-eight'. From the brain issue several
pairs, which go to the eyes, antenne, palpi, and other
parts of the mouth : sometimes those that render to the
mandibles issue from the first ganglion, as in the larva
of Dytiscus marginalis, the stag-beetle, &c.*; those both

* Cuv. Anat. Comp. ii. 340. Malpigh. de Bombyc. t. vi. f. 2.

b Cuv. Zbid. 348." ¢ Swamm. Bibl. Nat. t. xlviii. /. 7.
4 Cuv. Zbid, 319, ¢ N. Dict. d’ Hist.. Nat. xxx. 420,
f Treviran. Arachnid. t. v. f. 45. m.

¢ PraTe XXI. Fie. 1. 7. 8. d.

b Lyonnet ubi supr. t. x. f. 5. 6. ' Ibid. 192.

k Cuv. ubi supr. 323. 335.
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of mandibles and palpi in the great Hydrophilus*; and
in Blatta some which act also upon the antennce®.

The optic are usually the most conspicnous and re-
markable of the nerves. Insome insects with large eyes,
as many Neuroptera, Hymenoptera, and Diptera, theit
size is considerable ; in the hive-bee they present the ap-
pearance of a pair of kidney-shaped lobes, larger than
the brain¢ ; in the dragon-flies, whose brain consists of
two very minute lobes, these nerves dilate into two large
plates of a similar shape, which line all the inner surface

- of the eyes?; in the stag-beetle they are pear-shaped, and

terminate in a bulb, from which issue an infinity of mi-
nute nerves®; it is probable that this takes place in all
cases, and that a separate nerve renders to every separate
lens in a compound eye; the optic nerve in Dytiscusand
Carabus is pyramidal, with the base of the pyramid at the
eye and the summit at the brain8; in Elophilus tenax
it is very large, cylindrical, and of a diameter equal to
the length of the last-mentioned part, upon the side of
which it is supported ; it terminates in a very large bulb
corresponding to the eye®; in Scolopendra morsitans the
optic nerves divide into four branches long before they
arrive at the eyes, and in this insect the nerves which
render to the antennse are so thick as to appear portions
of the brain, which they equal in diameter’. Swammer-
dam discovered. in the grub of the rhinoceros-beetle and
in the caterpillar of the silk-worm, a pair of nerves which

* Cuv. Azat. Comp. ii. 339. b Ibid. 342.
¢ Swamm. Bibl. Nat, ¢, xxii. f. 6. m.m.
4 Cuv. ubi supr. 350. ¢ Ibid. 33b.

f Vou. Il p. 497. Lyonnet Anat. 581. o
€ Cuv. ubi supr. 337. " b Jbid, 351. i Ibid, 3b2.
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he regarded as anslogous to the recurrent nerves in the
human subject, and therefore he distinguishes them by
the same name?: they issue from the lower surface of the
brain, or that which rests on the esophagus, and at first
go towards the mouth, but afterwards turn back, and
uniting form a small ganglion; this produces a single
nerve, which passing below the brain follows the eesopha-
gns to-the. stomach, where it. swells. into anetlier gan-
glion, from which issue some smal] nerves that render to
the stomach, and one more considerable which accom-
panies the intestinal canal, producing at intervals. lateral
filaments which lose themselves in the tunics of that tube®.
Lyonnet afterwards discovered these nerves inthe caters
pillar of the goat-moth ¢, and- Cuvier in other insectsd.
The other nerves which issue. from the brain exhibit
no remarkable features. Those which originate in the
spinal marrow are mostly derived from the ganglions, and
are sometimes interwoven with the muscles, .as the woof
with the warp in a piece .of cloth ¢; those from the
three or four first commonly rendering to the innsglés of
the legs, wings, and other parts of the-#runk, and those
from the remainder to the abdomen. After their origin

they often divide and subdivide, and terminate in nume-_

rous ramifications that connect every part of the body
with the sensorium commune. A pair of nerves is the
most usual number that proceeds from each side of a
ganglionf; but this is by no means constant, since in

a Cuvier (ubi supr. 319.) seems not to have been aware that Swam.
merdam was the first discoverer of these nerves, since he attributes
their name to Lyonnet.

b Bibi. Nat.i. 138. b. £. xxviil, f. 2. a, 5, ¢, f. 3. g.

¢ Ubi supr. 578. | d Ubi supr. 320. 339, &c.

¢ Cuv. ubi supr. 349, : ¢ Lyonnet Anat. &. ix. x.

\
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the louse, the hive-bee, and several other insects, only a
singlenerve thus proceeds®; and in the larva of Epkemere,
while #wo pairs issue from the siz jfirst ganglions, only &
single one is emitted by the five last®. 1n the spinal mar-
row of the rhinoceros-beetle, both larva and imago, the
nerves consist of simple filaments which diverge like rays
in all directions ¢: the same circumstance distinguishes the
cheese-maggot, only some of the nerves appear to branch
at the end?: in the louse, the last ganglion sendsforth pos-
teriorly three pairs of nerves which render to the abdo-
men®. Sometimes, though rarely, nerves originate in
the infernodes of the spinal marrow. "Cuvier indeed has
asserted that in invertebrate animals aZ/ the nerves spring
from the ganglions, and never inmediately from the spi-
nal marrow; but Swammerdam, in describing those of
the silk-worm, mentions and figures four pairs as pro-
ceeding from the four anterior internodes, excluding the
firstf; and at the same time he gives it as his opinion,
that all the nerves in insects really originate from the
marrow itself, and not from the ganglions, which he as-
serts are of a different substance, and are inclosed in the

-

* Prate XXI. Fic.8. Swamm. Bibl. Nat. ¢. xxii. f. 6.

b Jbid. t. xv. f. 6. ¢ Prate XXI. Fia. 7.

4 Swamm, ubi supr. ¢ xliil. £. 7. &, A.

¢ Prate XXI. F16.8. -

¢ In Mr. Bauer’s figure (Philos. Trans. 1824. ¢.ii. f. 1.)no less than
eightecen pairs of nerves are represented as issuing from the inter-
nodes; but it should seem as if in the specimeh from which his figure
was taken, several of'the ganglions, perhaps from some injury received
in the dissection, had become obliterated, while their nerves remain-
ed : yet still, even making allowance for these, many palrs will appear
to take their origin from the spinal chord.” -

VOLO Iv ! C N
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marrow for the sake of giving it greater firmness®*. In
this opinion, however, he seems singular® Those re-
markable nerves described by Lyonnet under the name
of spinal bridle (bride épiniére) also take their origin, not
from the ganglions, but from a bifurcation of the spinal
marrow. Of these, in the caterpillar of the goat-moth
there are fen, the first issuing from the bifurcation of
the internode between the fourth and fifth ganglions, and
the remainder from the succeeding ones. After approach-
ing the succeeding ganglion, these nerves form a pair of
branches that diverge nearly at right angles from the
‘bridle, and producing several lesser branches, lose them-,
selves in the sides of the animalc. Besides the nerves
above-mentioned, two generally issue from the poste-
rior part of the last ganglion, diverging in opposite and
oblique directions: some of these render to the parts of

generation; and in the silk-worm, and probably other

species, the innermost pair is. perforated for. the passage
of the vasa deferentiad.

After duly considering this general outline of the ner-
vous system of insects, the question will continually oc-
cur to you,—is then what you have called the brain the
sensortum commune of these animals, in the same manner
as it is in those with warm blood ? 'To this query a ne-
gative must be returned. In the latter, the brain is the
common centre to which, by means of the nerves and

* Comp. Cuv. Anatf Comp. ii. 102—123.; with Swamm. Expl. of
Plates xxxii. £ xxviil. £ 3. 4.

5 Malpighi seems, however, to agree with him. De Bombyc. ¢. vi.

£ 1. ¢ Lyonnet ubi supr, 201. ¢. ix. £. 1, 2. n. 1, 2. &c.
d Swamm. ubi supr. 1. 139. a. ¢. xxviil. £. 3. s, 5.
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spinal marrow, all the sensations of the animal are con-~
veyed, and in which all its perceptions terminate. ~ The
nerves and spinal marrow are merely the roads by whick,
the sensations travel; and if their communication with
the brain, by any means be cut off at the neck, the whole
trunk of the animal becomes paralytic, evidently proving
that the organ by which it feels is the brain. This, how-
ever, is so far from being the case in insects, that in them,
if the head be cut off, the remainder of the body will con-
tinue to give proofs of life and sensation longer than the
head : both portions will live after the separation, some-
times for a considerable period; but the largest will sur-
vive the longest, and will move, walk, and occasionally
even fly, at first almost as actively without the head, as
when united to it. Lyonnet informs us, that he has seen
motion in the body of a wasp three days after it had been
separated from the head; and that a caterpillar even
walked some days after that operation; and when touched,
the headless animal made the same movements as when
intire®. - Dr. Shaw has observed—an’ observation con-
firmed in Unzer’s Kleine Schreiften,—that if Scolopendra
electrica (Geophilus Leach) be cut in two, the halves will
live and appear vigorous even for a fortnight afterwards;
and what is more remarkable, that the Za:l part always sur-
vives the kead two or three days®. The sensorium com-~
mune of insects, therefore, does not, as in the warm-blooded
animals, reside in the brain alone, but in the spinal mar-
row also. It was on this account probably that Linné

* In Lesser Insecto-theol. ii. 84. note *.

b Linn. Trans. ii. 8. Aristotle had observed this vitality of insects,
and that that of the myriapods is greatest. Hist. Animal. L iv. c. 7.,
De Respiratione, c. 3.  Reptiles have also this faculty. N. Dict,
d’ Hist. Nat. xxix. 161.

o c2
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denied the existence of a brain in insects, regarding it
merely as the first ganglion of the spine.

Cuvier and other modern physiologists, from the gan-
glionic structure of this organ, are of opinion that it is
not the analogue of the cerebro-spinal system of verte-
brate animals, but rather of their great sympathetic nerves.
Indeed, considering solely the external structure of the
nervous system of insects, a great resemblance strikes us
between it and. these nerves; for besides its general gan-
glionic structure, there is also in them an upper ganglion

in the neck, seemingly corresponding with what we have
" named the brain of insects, from which the nervous chord
dips to the lower part of -the neck, where it forms a se<
cond ganglion, which appears to correspond with what
we have considered as their second ganglion?. 'We may
observe, however, that at least in one respect there is
even an external resemblance between the brain' of in-
sects and that of vertebrate animals :—it most commonly
consists, as has been stated, like them, of two lobes, often
very distinct ; a eircumstance which not unfrequerftly di-
stinguishes the other ganglions®, and is not borrowed
from the ganglions of the.great sympathetics. With re-
spect to the internal structure of the ganglions and spinal
marrow of insects, we know little to build any theory
upon, except that the internal substance of the former is
filled with air-vessels; at least so Lyonnet, as has been
already observed, found in the Cossus, while only the
tunics of the latter are covered by them,—a circumstance
which I shall again have occasion to advertto. Taking

» Cuv. 4nat. Comp. ii. 283—. These are named “ the upper and
lower cervical ganglions.”

b Lyonnet Anat. ¢. ix. x. PLaTE XXI. Fi16. 1. a. c.
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the above resemblance to the brain of vertebrates into
consideration, there appears ground for thinking that
the nervous system of insects, like some of their arti-
culations?, is of a mized kind, combining in it both the ce-
rebro-spinal and the ganglionic systems; and this will
appear further if we consider its finctions.

That learned and acute physiologist Dr. Virey, assum-
ing as an hypothesis, that the structure of the system in
question is simply ganglionic, and merely analogous to
the sympathetic system of vertebrate animals, has built
a theory upon the assumption, which appears evidently
contradicted by facts. Because, as he conceives after
Cuvier, insects are not gifted with a real brain and spinal
marrow, he would make it a necessary consequence that
they have no degree of intellect, no memory, judgement
or free will ; but are guided in every respect by instinct
and spontaneous impulses,—that they are incapable of
instruction, and can superadd no acquired habits to those
which are instinctive and inbred®. This consequence
would certainly necessarily follow, was their nervous
system perfectly analogous to the sympathetic of warm-
blooded animals. But when we come to take into conside-
ration the functions that in insects this system confessedly
discharges, we are led to doubt very strongly the correct-
ness of the assumption. Now in these animals the system
in question not only renders to the nutritive and repro-
ductive organs, which is the principal function of the great
sympathetic nerves in the vertebrates; but by the com-
mon- organs maintains a connexion with the external

2 Vou. IIL. p. 664. 671.
b N. Dict, d'Hist, Nat, ii. 4]—. v. 592, xvi. 308—.
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world, and acquires ideas of things without, which in
them is a function of the cerebral system : from the same
centre also issue those powers which at the bidding of
the will put the limbs in action, which also belongs to
the cerebral system. That insects have memory, and
consequently a real brain, has been before largely proved,
as-also that they have that degree of intellect and judge-
ment which enables them to profit by the notices fur-
nished by their senses®. What can be the use of eyes,—
of the senses of hearing, smelling, feeling &c. if they are
not instructed by them what to choose and what to avoid ?
And if they are thus instructed—they must have sufficient
intellect to apprehend it, and a portion of free will to en-
able them to act according to it. With regard to the
assertion that they are incapableé of instruction, or of ac-
quiring new habits; few or no experiments have been tried
with the express purpose of ascertaining this point: but
some well authenticated facts are related, from which it
seems to result that insects may be taught some things,
and acquire habits not instinctive. They could scarcely
be brought from their wild state, and domesticated, as
bees have been so universally, and both ants and wasps
occasionally®, without some departure from the habits of
their wild state; and the fact of the corsair-bees, that ac-
quire predatory habits before described ¢, shows this more
evidently: but one of the most remarkable stories to our
‘ purpose upon record, is that of M. Pelisson, who, when
he was confined in the Bastile, tamed a spider, and taught
it to come for food at the sound of an Instrument. A
* Vo, IL p. 525—. 513—.

b Huber Fourmis, 260—. Reaum. vi. 172—,
- Vor. IL. p. 207.
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manufacturer ‘also in Paris, fed 800 spiders in an apart-
ment, which became so tame that whenever he entered
it, which he usually did bringing a dish filled with flies
but not always, they immediately came down to him to
receive their food 2.

Al these circumstances having their due consideration
and weight, it seems, I think, most probable, that as
insects have their communication with the external world
by means of certain organs in connexion with their ner-
vous system, and appear to have some degree of intellect,
memory, and free will, all of which in the higher animals
are functions of a cerebral system, and at the same time
in other respects manifest those which are peculiar to
the sympathetic system,—it is most probable, I say, as was
above hinted, that in their system both are united.

I must bespeak your attention to a circumstance con=<
nected with the subject of this letter, which merits parti-
cular consideration: I mean the gradual change that
takes place in the nervous system when insects undergo
their metamorphoses ; so that, except in the Ortkoptera,
Hemiptera, and Newroptera Orders, in which no change
is undergone, the number of ganglions of the spinal chord
is less in the imago than in the larva, There seems an
exception indeed to this rule in the case of the rhinoceros-
beetle (Oryctes nasicornis), in the larva of which there is
only one ganglion, while in the imago there are jfour®.
But as this one ganglion occupies the whele spinal mar-
row, it is really of greater extent than the four of the
imago; so that even in this case there is a concentration

2 'N. Dict. d’ Hist, Nat. ii. 279—.
b Cuv. Anat. Comp. ii. 319. 337,
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of the cerebral pulp. In some cases, as in Dyfzscus mar-
ginalis, and Hydrophilus piceus®, the imago has only one
ganiglion less than the larva, but more generally it loses -
four or five. Dr. Herold has traced the gradual changes
that take place in the spinal marrow of the common cab-
bage-butterfly (Pieris Brassice), from the time that it has
attained its full size to its assumption of the imago. Of
these I shall now give you some account.

In the full-grown caterpillar, besides thé brain there
are eleven ganglions, the chords of the four first inter-
nodes being double, arid the rest single: from each gan-
glion proceed two pairs of nerves, one from each side. -
In this the lobes of the brain form ‘an angle with each
other®. In twodays the double chords mutually recede,
so as to diminish the interval between the ganglions, and
the single ones have becorne curved : thus the length of
the spinal marrow is shortened about a fourtk, and the
fourth and fifth ganglions have made an approach to each
other¢. On the eighth day, when the insect has assumed
the pupa but remains still in the skin of the caterpillar,
the flexure of the internodes is much increased ; the first
ganglion is now united to the brain, and the fourth and
fifth have joined each other, though they are still distinct ;
the spinal marrow has now lost considerably more than
a third of its lengthd. On the fourteenth day, the in<
ternodes, except the double ones, have become nearly
straight again ; the fourth and fifth ganglions have coa-
leseed so as to form one, and the sixth and seventh have
each lost their pairs of nerves¢. - Shortly after this, these

» Cuv. 4nat. Comp. ii. 322, 323— ; 338. 339—.
b Prate XXX, Fie. 1. ¢ Ibid. F1G. 2.

4 Ibid. Fie. 3. . ¢ Herold Schmett. ¢ ii. f. 6.
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\
last ganglions have nearly disappeared, and the chords
of the three first internodes have again approached each-

other’. The next change exhibited is the absorption of
the first ganglion by the brain, the union of the chords
of the first internode, which is now straight, the approxi-
mation of the second and third ganglions, and the en-
largement of the one formed by the union of the fourth
and fifth, at the expense perhaps of the sixth and seventh,.
which have now entirely disappeared, and in their place
is a very long internode. These nnited ganglions retain:
the pairs of nerves they had when separate®. Just be-
fore the assumption of the smago, the direction of the
lobes of the brain becomes horizontal, the second and
third ganglions unite, and the internode between the
third and fourth is shortenedc. Lastly, when the animal
is become a butterfly, the second and third ganglions
have coalesced, and are joined to that formed by the union
of the fourth and fifth ; a short isthmus or rather constric
tion, with an orifice, being their only seperation: each
of these united ganglions send forth laterally four pairs
of nervesd. In his figure, Dr. Herold has not repre-
sented the orifice for the passage of the gullet, but doubt-
less one exists, which for an animal that imbibes only
fluid food is probably very minute. In Hypogymna dss-
par, we learn from Cuvier, this orifice is of that descrip~
tion, and of a triangular shape®.

It can admit of no reasanable doubt that one of the
principal intentions of these changes is to accommo-
date the nervous system to the altered fumctions of the

* Herold Schmett. t.ii. f.7. b Prate XXX. Fie. 4.
< Ibid. Fie. 5. ' ¢ Ibid. Fi1e. 6.
¢ Anat. Comp, ii, 348,

VOL. 1V,
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animal in its new stage of existence, in which .the an-
tennz, eyes, and other organs of the senses, as well as
the limbs and muscles moving them, and the sexual or-
gans, being very different from those of the larva, and if
not wholly new, yet expanded from minute germs to their
full size, may well demand corresponding changes in the
- stiwicture of the nervous system by which:they are acted
- .But are these changes also concerned, as Dr. Virey
conjectures, in producing that remarkable alteration
which usually takes place between. the .instincts of the
" larva and imago? In order to answer this question, it
will be requisite first to quote the ingenious illustration
with which this able physiclogist elucidates his ideas on
this point. . ¢ The more readily,” he observes, .¢ to com-
prehend the action of instinct, let us compare the insect
to one of those hand-organs in which a revolving cylin-
der presents different tunes noted at its surface, and
pressing the keys of the pipes of the organ, gives birth to
all the tones of a song: if the tune is to be changed, the
eylinder must be pulled out or pushed in one or more
rotches, to present other notes:to the keys. In the same
manner let us suppose that nature has impressed or en-
graved certain determinations or notes of action, fixed in
a determinate series in the nervous system and the gan-
glions of the caterpillar, by which. alone she lives, she
will act according to.a certain sequence of .aperations ;
and, so to speak, she will sing the air engraven within her.
When she undergoes her metamorphosis into a butterfly,
her nervous system being, if I may so express myself,
pulled out a notch, like the cylinder, will present the
notes of another tune, another series of instinctive ope-
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rations; and the animal will even find itself as perfectly
mstructed and as capable of employing its new organs, as
it was to- use the old .ones.  The relations will be the
saime; it will always be the play of the instrument3.” .

This illustration is doubtless at the.first glance very
striking and plausible: but a closer examination will, I
think, show, that, as in'so many other.instanceés in meta-
physical reasoning, when fanciful analogies are substi-
tuted for a rigid adherence to stubborn facts, it is satis-
factory only on a superficial view, and will not stand the
test of investigation; and as this is a question intimately
connected with what I have advanced on the subject of
mstinct in a former letter, I must be permitted to.go
somewhat into detail in considering it.

To prove his position, Dr. Virey ought at least to be
able to show that, whenever a change takes place in the
instincts of insects in their different states of larva and
imago, a corresponding change takes place in the exter-
nal structure of the nervous chord. But what are .the
facts? In three whole orders, viz. Orthoptera, Hems-
ptera, and Neuroptera, as mentioned above®, the struc-
ture of the nervous chord is not changed; .and yet we
know that many tribes of. these orders. acquire instincts
in their imago state altogether different from thase which
directed them in their state of larvee. A perfect Locust,
for instance, acquires the new instincts of using its wings ;
of undertaking those distant migrations of which so many
remarkable instances were laid before you .in a former
letter¢; and, if a female, of depositing its eggs in an

* N. Dict. d’ Hist. Nat. xvi. 313. Comp. i. 420.
b-See above, p. 23. ° Vou. I. 4th Ed. 220—.
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appropriate situation. But if such striking changes. in
the instinct of these tribes can be effected without any
perceptible alteration in the structure of the nerveus
chord, it is contrary to the received rules of philosophi-
cal induction to refer to this alteration the changes in the
instincts of other tribes where it is found. Is it not far
more probable that this alteration has in fact no con-
nexion with the changes of instinct, but is. solely con-
cerned with those remarkable changes in the organs of
sense and motion, which occur in the larva and imago
states of the orders in which it is observed? In a com-
mon caterpillar, the form of the body, the legs, the eyes,
and other organs of the senises, all strikingly differ from
those of the imago; whereas, with the exception of the
acquisition of new wings, a perfect locust differs little
from its larva: so that we may reasonably expect a
corresponding change, such as we find it, in the structure
of the nervous chord of the lepidopterous insect, not
celled far in that of the neuropterous species, in which
accordingly it does not take place.

This reasoning, in epposition to Dr. Virey’s theory,
that the changes of instinct depend on the altered struc-
ture of the nervous system, becomes greatly strengthened
when we advert to the higher classes of animals, which
surely in any investigation of the nature of instinct ought
tQ be closely kept in view; for the faculty, though often
less perfect in them than in insects, is still of the same
kind, and may consequently be expected to follow -the
same general laws. In a young swallow, for example,
all its instincts are not developed at once any more than
in an insect. The instinct which leads it to migrate
does not appear for some months after its birth, and that
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of building a nest still later. But we have not the
slightest ground for believing that these new instincts are
preceded by any change in the structure of the great
sympathetic nerve, or of any other portion of the nervous
system: and the same may be said as to the sexual in-
stincts developed in quadrupeds some years subsequent
to their birth. If, then, these remarkable changes in the
instinct of the higher classes of animals can take place
independently of any visible change in the nerves, what
substantial reason can be assigned why they may not
also in the class of insects?

On the whole, I think you will agree with me, that
there is nothing in Dr. Virey’s hypothesis which should
lead me to alter the opinion I have already so strongly
expressed in a former letter?, as to the insufficiency of
the mechanical theories of instinet hitherto promulgated,
adéquately to explain all the phenomena; and unless
they do this they are evidently of small value. Sach
theories as I have there adverted to may often seem to
be supported by a few insulated facts, but with others, far
more numerous, they are utterly at variance; and, to
. «omit many other instances, I am strongly inclined to
doubt the possibility of satisfactorily explaining the va-
réety of instincts exereised by a beeP, or the extraordi-
ary development of new ones in partieular circum-
‘stances only*, on any merely mechanical grounds.:

And after all, even suppose it eould be demonstratively
shown that every imstinct is as cléarly dependent on se-
.condary causes, as I have formerly admitted that some
-doubtless seem to be, yet what would this teach us as
to the essential nature of instinct? We have advanced

* VoL.II. 4th Ed. p.467.  ®Ibid. p.499. < Ibid. p. 509.
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indeed a step; but still, as I have before observed in re-
ferring to the theories of Brown and Tucker, we have
only placed the world upon the tortoise, and instinct, as
to its essence, which is what we want to detect, is as my-
sterious as ever:' just as, though we can clearly prove that
the mind is acted upon by the senses, yet this throws no
light upon the essential nature of the mind, which we are
forced to admit is inscrutable, as if to teach us humility,
and prevent our vainly fancying, that though allowed to
discover some of the arcana of nature, we shall ever be
able to penetrate into her inmost sanctuaries. | :

That Dr. Virey should regard instinct in insects as
purely mechanical was the natural consequence of his
denying them any portion of intellect; but his opinion
cannot 1 think be consistently assented to, if it be the
fact, as I have just shown?, that they are not wholly de-
void of the intellectual principle. Whatever is merely
mechanical, must, under similar circumstances, always act
precisely in the same way. An automaton onee con-
structed, whilst its machinery remains in order, will in-
variably perform the same actions ; and Des Cartes, when
he had constructed his celebrated female automaton,
imagined that he had irrefragably proved his principle,
that brutes are mere machines. ‘But if, instead of losing
himself in the wilds of metaphysical speculation, he had
soberly attended to facts, he would have seen that the
instinct of animals can be modified and counteracted by
their intellect, and consequently cannot be regarded as
simply mechanical. - Though the instinctive impulse of an
empty stomach' powerfully impel a dog to gratify his ap-
petite, yet, if he be well tutored, the fear of correction

® See above, p.21. -
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will make him abstain from the most tempting dainties:
and in like manner a bee will quit the nectary of a flower,
however. amply. replenished with sweets, if alarmed by
any.interruption. The ants on which Buonaparte amused
himself. with experiments at St. Helena, though they
stormed his sugar-bason when defended by a fosse of
water, controlled their instinct and desisted when it was
surrounded with vinegar?: and in the .remarkable in-
stance communicated to Dr. Leach by Sir Joseph Banks,
the instinct of a crippled spider. so completely changed,
that from a sedentary web-weaver it became a hunter®,
There is evidently, therefore,.no analogy between ac-
tions strictly mechanical and instincts, which, though
they may often seem.to be excited by mechanical causes,
are liable to be restrained or modified by the connexion
of the instinctive and intellectual faculties¢; and while
we are ignorant how this connexion takes place, it is ob-
vipusly impossible to reason logically on the subject. .
In thus denying that any existing meckanical theory of
instinct is satisfactory, I by no means intend to assert that
instinct is purely intellectual. 1 have already given you
my opinion¢, that it is not the effect of any immediate
agency of the Deity; nor am I prepared to assent to the
doctrine of a writer, who has in some respects written
ably on the subject in question, who says, that ¢ the
Divine Energy does in reality act not immedzately, but
mediately, or through the medium of moral and intellec-
tual. influences upon the nature or consciousness of the
creature,:in the production of the various, and in many
instances truly wonderful, actions which they perform.”

" " Antommarchi’s Last Days of Napoleon.
~ » Linn. Trans. xi. 393. ‘ Vou. II. 4th Ed. p. 515.

¢ Ibid. p. 469. ¢ _Zoological Journal, n°, 1. 5,
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they might do as well without sight, hearing, smell, touch,
&c. but having these senses and their organs, it seems to
me a necessary consequence, that they must have a suf-
ficient degree of intellect, memory, and judgement, to en-
able them advantageously to employ them.:

There is this difference between intellect in man, and
the rest of the animal creation. Their intellect teaches
them to follow the lead of their senses, and make such
use of the external world as their appetites or instincts
incline them to,—-ahd this is their wisdom ; while the in-
tellect of man, being associated with an immortal princi-
ple, and being in connexion with a world above that
which his senses reveal to him, can, by aid derived from
heaven, control those senses, and bring under his instinc-
tive appetites, so as to render them obedient to the 7o fiye-
povixov, or governing power of his nature: AND THIS IS
HIS WISDOM.

I am, &e.

VOL. 1IV. b



LETTER XXXVIIL.

INTERNAL ANATOMY AND PHYSIOLOGY
OF INSECTS CONTINUED.

RESPIRATION.

“ LIFE and flame have this in common,” says Cuvier,
¢ that neither the one nor the other can subsist without
air ; all living beings, from man to the most minute ve-
getable, perish when they are utterly deprived of that
fluid2.” The ancients, however, not perceiving insects
to be furnished with any thing resembling lungs, took it
for granted that they did not dreathe ; though Pliny
seems to hesitate on the subject®. But the microsco;iic
and anatomical observations of Malpighi, Swammerdam
and Lyonnet, and the experiments of more modern phy

siologists, have incontestably proved that insects are pro-
vided with respiratory organs, and that the respiration
of air is as necessary to them as to other animals. They
can exist indeed for a time in irrespirable air; and im-
mersion in hydrogen or carbonic acid gases is not, as I
have often ascertained, so instantly fatal to them as it
would be to vertebrate animals; but like them, they

* Anat. Compar. iv. 296.
b Plin. Hist. Nat. l. xi. c. 3. Even Aristotle seems to have given

into the common opinion. De Respirat. c. 3, 9. &c.
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speedily perish in air altogether deprived of its oxygen,
or placed in situations to which all access to this essential
element is excluded. Their respiration too of atmo-
spheric air produces the same change in it with that of
the vertebrate animals, the oxygen disappearing, and
carbonic acid gas being produced in its place. Bayle
'had long since ascertained, that when bees, flies, and
other insects were placed under an exhausted receiver,
they often perished?: and the same effect was even ob-
served by the ancients to ensue, when their bodies were
by any means covered with eil or grease, which necessa-
rily closed the orifices of their respiratory organs®.

But for the first series of experiments ascertaining the
necessity of a supply of air to insects, and their conver-
sion of it into carbonic acid, we are indebted to the illus-
trious Scheele® ; and his experiments have been repeated
and confirmed by Spallanzani, Vauquelin, and other
chemists. The former found, that when caterpillars and
maggots were confined in vessels containing only about
eleven cubic inches of atmospheric air, though furnished
with sufficient food, they soon died, and sooner when the
space was more confinedd. He ascertained too, that a
larva weighing only a few grains consumed, in a given
time, as much oxygen as an amphibious animal a thou-
sand times as voluminous®. A male grasshopper (Acrida
viridissima K.) in six cubic inches of oxygen lived but
eighteen hours, and the female placed in eight cubic
inches of atmospheric air, only thirty-six hours. The

2 Philos. T'rans. v. 2011. Works, 4to. 1. 79, 112.

b Aristot. Hist. Animal. l. viii. ¢. 27.

¢ On Adir and Fire, 148, 155. 4 Tyacts, 208.
¢ Mem. on Respirat. 75.

D 2
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usual tests in both instances detected the conversion of
the oxygen present into carbonic acid®. Precisely the
same result was obtained by Sorg and Ellis, who, having
placed a number of flies in nine cubic inches of atmo-
spheric air, found them all dead by the third day, the
oxygen entirely vanished, and a quantity of carbonic acid
nearly equal in bulk produced®.

It is ascertained too, that insects like other animals
require in the process of respiration not merely oxygen,
but such a mixture of it with nitrogen or azote as com-
poses atmospheric air: for Vauquelin found that a grass-
hopper placed in six cubic inches of oxygen lived only
half as long (eighteen hours) as another placed in eight
inches of atmospheric air ; its breathing was much more
laborious, and it died when not more than one-twentieth
of the oxygen had been converted into carbonic acid ¢.
That a large quantity of ozygen penetrates all parts of
insects, is evident also from the acid prevalent in the
fluids of most of them, as likewise from the wonderful
power of their muscles. That azote is alsp received,
seems probable from the ammonia which has been ex-
tracted from the fluids of many, and from the rapid pu-
trescence of these animalsd.

The mode, however, in which the respiration of insects
is carried on, differs greatly from that which obtains in
the higher animals. They have no lungs, no organs
confined to a particular part of the body, by means of
which the whole of the blood is regularly exposed to the

2 Ann. de Chimie, xii, 273.

" F. L. A. Sorg, Respirat. Insect. et Verm. Ellis, Inquiry into
Chang. prod. on Atmosph. Air by Respirat. &c. 69.

¢ Ann. de Chimie, xii. 273. 4 Sprengel, Commentar. &c. 27— .



INTERNAL ANATOMY OF INSECTS. 87

action of the inspired air. They do not breathe through
the mouth, but through-numerous orifices called spiracles,
and the respiratory vessels connected with these are con-
ducted to every part of the body. In some indeed, that
we have included under the denomination of insects, as
the Aracknida, an approach is made to the branchial
respiration of fishes. ‘ '

The respiratory apparatus of insects may be consi-
dered under #wo principal heads :—viz. the orifices or
spiracles, and other external organs by which the air is
alternately received and expelled ; and the internal ones,
by which it is distributed. Each of these is well worthy
of your attention.

I. The external respiratory organs of insects may be
divided into ¢Aree kinds. Spiracles ; Respiratory plates ;
and branchiform and other pneumatic appendages.

i. Spiracles® (Spiracula), or breathing pores, are small
orifices in the trunk or abdomen of insects, opening into
the ¢rachee, by which the air enters the body, or is ex-
pelled from it®. They may be considered principally as
to their composition and substance ; shape ; colour; mag-
nitude ; situation; and number.

1. Composition and substance. Perhaps you may not
be aware that the structure of these minute apertures is
not so simple as at the first view it may seem ; but when
you recollect that by them the insect breatkes, you will
suspect that provision may be made for their opening
and shutting. A spiracle therefore, speaking analogi-

* PraTe XXIIIL Fic. 2. and Prares VIIL IX. XVI. XX1X. ¢, #’,
" ) ﬁl:)lgc’ax;hawers (Anat. de Pflanz. 314—.) affirms that the spiras

cles of most insects are quite closed : but Sprengel (Commentar. § 8.)
has satisfactorily refuted that opinion.
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of Copris the corrugations form a perplexed labyrinth;
in the caterpillar of the puss-moth the plaits are so nar-
row as to look like rays?; and in some Dynastide the
lips approach to a lamellated structure. Again, in Hy-
drophilus caraboides the upper lip, and in Dytiscus cir-
cumflexus, both lips seem formed of elegant plumes®: a
similar ornament distinguishes the inner edge of the lips
in the caterpillar of the great goat-moth (Cossus lig-
niperda) and others¢. In the grub of the rhinoceros-
beetle (Oryctes nasicornis) the margin of the lower or in-
ner lip is decorated by pinnated rays, which enter the
cellnlar membrane that covers the upper lip¢: in this
larva, and that likewise of the cockchafer, the two lips
are formed of different substances ; in the last the upper
or outer one consists of a perforated cellular membrane,
through which the air can pass, while the lower or inner
one is a cartilaginous valve that closes the orifice¢: in
the former this valve is surmounted by a bossf. In the
pupa of Smerinthus Populi, a hawk-moth not uncommon,
and of some dragon-flies ( Libellula depressa), the margin
of the two lips is crenated, probably with notches which
alternate, that the mouth of the spiracle may shut more
accuratelys. The substance is unusually thick in the
spinose caterpillars of butterflies; and in the pupa of oney
Hesperia Proteus, it is villose.

Under the present head I may observe, that in some
cases, as in the puss-moth, and the larva of the common

2 Sprengel, 7. ¢ iii. £. 30. b Tbid, ¢. ii. £, 22, ¢ iil. £, 29
¢ Prazr XXIX, Fre. 29,

d Ibid. Fie. 16. Sprengel, Ié4id, 9. ¢. 1. 1. 4—6.

© Ibd. 9.t 1. 1. 9. f Prate XXIX, Fic. 16. a.
¢ Sprengel, Ibid. ¢. iii. f. 27.
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water-beetle ( Dytiscus marginalis), the spiraclesareclosed
by a semifluid substance, which however, according to
Sprengel, is permeable to the air®*. The animal, where
these organs are furnished with lips, has doubtless, by
means of a muscular apparatus, the power of opening and
shutting them: this is done, we are told, by elevating and

depressing, or rather by contracting and relaxing them.

Sorg counted in one case (Oryctes nasicornis) twenty, and
in another (Acrida viridissima) fifty, of these motions to

take place in little more than fwo minutes®: but the

quickness and force of this motion is not always uniform ;
for the saine physiologist observed, that in Carabus au~-
ratus, when feeding or moving its body rapidly, the con-
traction of the spiracles took place at veryshort intervals ;
but when it was fasting, and its motions were slow, the
intervals were longere© : it is probable also, that the tem-
perature may accelerate or retard the motion. In the
summer I examined a specimen of Melolontha hirticola,
that had indeed been somewhat injured, with this view :
the pulses of the abdomen, which alternately rose and fell,
were at about the rate of the pulse of a man in health,
sixty in a minyte, and the spiracles appeared to me to
keep pace with this motion: later in the year, when the
temperature was lower, as I was walking, I took a spe-
cimen of some grasshopper (Locusta Leach). Upon

* Sprengel, Commentar. 7—.
® Sprengel, from whom I have borrowed this quotation, expresses
“the time by *“ scripulo hore.” This word is of uncertain meaning,

being scarcely ever applied to fime ; but as it means the twenty-fourth
part of an ounce, Faber conjectures it may mean the same portion
of an kour. .

° Sorg, Disquisit. circa respirat. insect. 27, 46, 66. Sprengel ubi
supr. 11—,
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viewing it under a lens, I observed one of the convex pec-~
toral spiracles open and shut, and the interval between
two breathings appeared nearly half a minute.

2. With regard to their skape, spiracles vary consi-
derably. In general we may observe that the abdomi-
nal ones are usually flat, while those of the trunk are
often convex?. Sometimes they are very narrow and
nearly linear, as in many pupee of Lepidoptera, and those
in the metathorax of the sandwasps (Ammophila K.) and
affinities ; at others they are wider and nearly elliptical,
as in Lucanuf and many Lamellicorn beetles: again, in
Copris they dre circular ; in Calandra Palmarum ovate;
m Duytiscus oblong®; in Stapkylinus olens lunulate; in
Gonyleptes nearly of the shape of a horse-shoe¢; and
probably many other forms might be traced, if a thorough

'investigation with this view were undertaken.

8. The colour of spiracles will not detain us long. In
the caterpillars of Lepidoptera this is often so contrasted
with that of the rest of the body, as to produce a strik-
ing and pleasing effect. Thus when the body is of a
dark colour, they are usually of a pale oned; or if the
body is pale, they are dark®, or surrounded with a dark
ringf. This contrast is often rendered more striking by
their position with regard to the partial colours that
often ornament caterpillars: in those whose sides are
decorated by a longitudinal stripe, the spiracles are
often planted in it%; or justaboveit®; or between two':

* Chabrier surle Vol des Ins. c. 1. 454.

® Prate XXIX. F1c. 28. 4”. ¢ Ibid. Fic. 23,
4 Sepp. L iv. ¢ ii. f. 3. e Ib:d t. ?dv. J- 3.
t Ibid. t.v.£.6,7. € Ibid. t.i. f. 7,8.

b Ibid. & x.f.6,7, . i Ibid. v. t. 3. f. 3.
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in some hawkmoths the.intermediate ones are set in
white or pale spots, which gives great life to the animal.
In general, in perfect insects the most prevalent colour
is buff, or reddish-yellow. In the larva of the great wa-
ter-beetle (Dytiscus marginalis) these organs resemble
the iris of the eye, being circular with concentric rings,
alternately pale and dark® .

4. The size of spiracles varies considerably. Those
in the larva last mentioned are so minute as to be scarcely
visible except under a lens, while those behind the fore-
legs in Gryllotalpa are a full line in length, and those in
the pleura of Macropus accentifer, a Brazilian Capricorn
beetle, are more than twice as long. In the same species
they are often found of different sizes ;—-thus the anal
pairs in the Dytiscus lately alluded to, I mean in the per-
fect insect, are much larger than the rest®, probably that
the animal may imbibe a larger quantity of air when it
rises to the surface of the water, where it suspends itself
by the ¢ail. In those Lamellicorn beetles in which the
terminal part of the abdomen is not protected by the
elytra, the covered spiracles are the largest.

5. Under the next head, the situation of spiracles, I
shall not only consider the part of the body in which
they are situated, but likewise their position in the crust;
to which last, as it will not detain us long, I shall first
call your attention. Their position in this respect is
most commonly obligque ; but in the abdomen of the above
Dytiscus they are transverse, and in a larva I possess, pro-
bably of an Elater, they are longitudinal. In spinose

* Sphinx Labruscee Merian Surinam. 34.
b Prate XXIX. Fic. 28. 4”.
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caterpillars these organs are generally planted between
two spines, one being above and the other below. The
lateral line of the body most commonly marks their si-
tuation; but in many cases they become ventral, and in
others dorsal. 'The most important circumstance, how-
ever, connected with the present head is their appropria-~
tion to particular segments or parts of the body, for, like
the ganglions of the spinal marrow, they are distributed
to almost every segment. Let us take a summary view
of their arrangement in this respect.

No insect has any spiracle in the %ead ; but in cater-
pillars and many other larve there is a pair in the jfirs¢
segment of the trunk. This is also to be found in the other
states, but is not easily detected in the pupe of Lepidop-
tera : in the Coleoptera order, in the grub of the Lamel-
licorn beetles, it is extremely conspicuous, and planted in
the side of the first segment?; in other Coleopterous grubs
it is not so readily found, but probably its station is some-
where behind the base of the arms, where it is very visi-
ble in that of Staphylinus. In the imago of insects o.
this order, this antepectoral spiracle has been overlooked,
and indeed is not soon discovered : to see it clearly, the
manitrunk should be separated from the alitrunk ; and
then if you examine the lower side of the cavity, you will
see a pair of, usually, large spiracles planted just above
the arms, in the ligament that unites these two parts of the
trunk to each other : in the common rove-beetle, however,
(Staphylinus olens) you may easily see it without dissec-~
tion®. In the Orthoptera it is situated behind the arms,

* Swammerd. Bibl. Nat. t. xxvil. f. 5. Compare Sturm Deutsch.
Fa.iLt. v.f.r.
* Prate XXIX. Fre. 12. ¢'.
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as in Gryllotalpa : or between them and the protliora.r,
as in Bluatta : in the Hemiptera and Neuroptera proba-
bly. the situation is not very different. In the Lepidop-
tera this pair of spiracles is planted just before the base
of the upper or primary wings?: a similar situation, I
suspect, is appropriated to it in the Zrickoptera, but co-
vered by a tubercle or scale. Something similar has
been noticed by M. Chabrier, in.the same situation and
circumstances, in the collar of Hymenoptera®. In nu-
merous Diptera this breathing pore is planted on each
side between the collar and the dorsolum above the
arms¢, and in Hippobosca in the collar itself<, |

In Lepidopterous, Coleopterous, and some other larvee,
the two segments of the body corresponding with the
alitrunk in the perfect insect, are without spiracles, nei-
ther have they in this state, though pneumatic organs
have been discovered ¢, any real ones in that part: but
not so the remaining orders, all of which have these or-
gans in that section of the trunk. To begin with the
Orthoptera :—in Blatta there seems to be a long narrow
one behind the intermediate leg; in the Gryllotalpa there
is one in the posterior part of the plevra ; and in Lo-
custa Leach, above both the intermediate and hind legs .
It is probable,” that in general those that have no spira-~
cles in the manitrunk have four in the alitrunk, which
seems the natural number belonging to the trunk. In
many of the Heteropterous Hemiptera in the parapleura

* De Geer, i.81. ¢. v. £. 10. f. b Sur le Vol des Ins. c.i. 459,

¢ Reaum, iv. 246. ¢. xix, f. 8. s.

¢ In this tribe, which I forgot to remark before (see Vou. III.
p. 561—.) there seems both prothorax and collar.

¢ Vou. IIL. p. 552, 562. &c.
f PratE VIILL Fie. 14, ", n”,
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there is an open spiracle without lips?, to which, as in
that beautiful bug Scutellera Stockeri, a channel some-
times leads. The space in which this spiracle is planted
in other genera of bugs (Pentatoma &c.) is covered with
a kind of membranous skin, often much corrugated®. In
the aquatic insects of this section, and many terrestrial
ones, as Reduvius, &c. this spiracle is obsolete. There
is another circumstance, possibly connected with their
respiration, relating to many of the bugs, which may be
mentioned here. If you examine Pentatoma rufipes, a
'very common one, you will find between the scapula and
parapleura a long orifice or chink; this upon a closer
inspection, under a good magnifier, you will see com-
pletely filled with minute stiff hairs or bristles, which
fringe the posterior margin of the scapulac. In a Bra-
zilian species of Lygeus L. (sexmaculatus K. M.S.) with
incrassated posterior thighs, these hairs are replaced by
lamellee which have the aspect of gills. A red, vertical,
convex spiracle, with its orifice towards the head, and
terminating posteriorly in a kind of conical sac, is situated
towards the hinder part of the pleura in the giant water-
scorpion (Belostoma grandis?); this seems analogous to
one lately mentioned in the mole cricket. In the other
section of this Order it is not easy to decypher the parts
of the under side of the alitrunk. In Fulgora, Tettigonia,
and many others of its genera, there appears to be more
than one opening into the chest; but whether they are of
a pneumatic nature or not, can only be ascertained by an
inspection of the living aninmial. There is a very visible

* PraTe XXIX. Fre. 14, 15. m". b Jhid. Fic. 15. a.
¢ Ibid. Fic. 14, 15. b. 4 Jbid. Fic. 25. &”'.
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