





GUIDE TO THE STUDY OF INSECTS.

THE CLASS OF INSECTS.

THAT branch of the Animal Kingdom known as the ArrIcU-
LATA, includes all animals having the body composed of rings
or segments, like short cylinders, which are placed successively
one behind the other. Cuvier selected this term because he
saw that the plan of their entire organization, the essential
features which separate them from all other animals, lay in the
idea of articulation, the apparent joining together of distinct
segments along the line of the body. If we observe carefully
the body of a Worm, we shall see that it consists of a long
cylindrical sac, which at regular intervals is folded in upon
itself, thus giving a ringed (annulated, or articulated) appear-
ance to the body. In Crustaceans (crabs, lobsters, ete.)
and in Insects, from the deposition of a peculiar chemical
substance ealled chitine, the walls of the body become so

hardened, that when the animal is dead and dry, it
readily breaks into numerous very perfect rings.
Though this branch contains a far greater number of

species than any other of the animal kingdom, its myr-

iad forms can all be reduced to a simple, ideal, typical
figure; that of a long slender cylinder divided into
numerous segments, as in Fig. 1, representing the larva

of a Fly. 1t is by the unequal development and the
various modes of grouping them, as well as the differ-

ences in the number of the rings themselves, and also in Fig- 1.
the changes of form of their appendages, ¢.e. the. feet, jaws,
antennze, and wings, that the various forms of Articulates are
produced.

F1G6. 1. Worm-like larva of a Fly, Scenopinus.— Original,
1
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2 THE CLASS OF INSECTS.

Articulated animals are also very distinctly bilateral, i.e. the
body is symmetrically divided into two lateral halves, and
not only the trunk but the limbs also
show this bilateral symmetry. In a less
marked degree there is also an antero-
posterior symmetry, t.e. each end of
the body is opposed, just as each
side of the body is, to the other.*
The line separating the two ends is,
however, imaginary and vague. The
antennz, on the anterior pole, or head,
are represented by the eaudal, or anal,
stylets (Fig. 2), and the single parts
on the median line of the body corre-
spond. Thus the labrum and clypeus
are represented by the tergite of the
eleventh segment of the abdomen.

Fig. 2.+ In all Articulates (Fig. 3) the long,
tubular, alimentary canal occupies the centre of the body ; above
it lies the ‘“heart,” or dorsal vessel, and below, upon the under
side, rests the nervous system. 0 c d
The breathing apparatus, or 2 '
“‘lungs,” in Worms consists of
simple filaments, placed on the
front of the head ; or of gill-like
processes, as in the Crustaceans,
which are formed by membran-
ous expansions of the legs ; or, S o)
as in the Insects (Fig. 4), of delicate tubes (trachesze), which

* Professor Wyman (On Symmetry and Homology in Limbs, Proeeedings of the
Boston Society of Natural History, 1867) has shown that antero-posterior symmetry
is very marked in Articulates. In the adjoining figure of Jera (Fig. 2) the longi-
tudinal lines illustrate what is meant by bilateral symmetry, and the transverse
lines “fore and aft” symmetry. The two antero-posterior halves of the body are
very symmetrical in the Crustacean genera Jera, Oniscus, Porcellio, and other
Crustacea, and also among the Myriapods, Scutigera, Polydesmus, * in which the
limbs are repeated oppositely, though with different degrees of inequality, from the
centre of the body backwards and forwards.” ¢ Leuckart and Van Beneden have
shown that Mysis has an ear in the last segment, and Schmidt has described an eye
in the same part in a worm, dmphicora.” — From Wyman.

FIG. 3 represents an ideal section of a Worm. Jf indicates the skin, or mus-
cular body-wall, which on each side is produced into one or more fleshy tubercles,
usually tipped with bristles or hairs, which serve as organs of locomotion, and
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ramify throughout the whole interior of the animal, and con-
nect with breathing pores (stigmata) in the sides of the body.
They do not breathe through the mouth as do the higher ani-
mals. The traches and blcod-vessels. follow closely the same

a Fig. 4.
course, so that the aération of the blood goes on, apparently,
over the whole interior of the body, not being confined to a
single region, as in the lungs of the vertebrate animals.

Thus it is by observing the general form of the body-walls,
and the situation of the different anatomical systems, both in
relation to themselves and the walls of the body, or crust,
which surrounds and proteets the more delicate organs within,
that we are able to find satisfactory characters for isolating, in
our definitions, the articulates from all other animals.

We shall perceive more clearly the differences between the
three classes of Articulates, or jointed animals, namely,
the WorMs, CrusTacEANS, and INsecTs, by examining

often as lungs. The nervous eord (a) rests on the floor of the eylinder, sending a
filament into the oar-like feet ( /), and also around the intestine or stomach (3), to a
supplementary cord (d), which is situated just over the intestine, and under the
heart or dorsal vessel (¢). The cirele ¢ and e is a diagram of the circulatory sys-
tem; ¢ is the dorsal vessel, or heart, from the side of whieh, in each ring, a small
vessel is sent downwards and around to e, the ventral vessel.— Original.

F16. 4. An ideal section of a Bee. Here the erust is dense and thick, to which
strong muscles are attached. On the upper side of the ring the wings grow out,
while the legs are inserted near the under side. The trachez () enter through the
stigma, or breathing pore, situated just under the wing, and their branches sub-
divide and are distributed to the wings, with their five principal veins as indieated
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their young stages, from the time of their exclusion from the egg,
until they pass into mature life. A more careful study of this
period than we are now able to enter upon would show us how
much alike the young of all articulates are at first, and how
soon they begin to differ, and assume the shape characteristic
of their class.

Most Worms, after leaving the egg, are at first like some
infusoria, being little sac-like animalcules, often ciliated over

m nearly the entire surface of the infinitesimal body.

\ Soon this sac-like body grows longer, and con-
w tracts at intervals; the intervening parts become
unequally  enlarged, some segments, or rings,
rie.5. formed by the contraction of the body-walls,
greatly exceeding in size those mext to them; and it thus
assumes the appearance of being more or less equally ringed,
as in the young Terebella (Fig. 5), where the
cilise arerestricted to asingle eircle surrounding
the body. Gradually (Fig. 6) the cilie disap-
¢ pear and regular locomotive organs, consisting
A of minute paddles, grow out from each side;
@l feclers (antennze), jaws, and eyes (simple rudi-
mentary eyes) appear on the few front rings
of the body, which are grouped by themselves
. into a sort of head, though it is difficult, in a
large proportion of the lower worms, for un-
skilled observers to distinguish the head from
the tail.

Thus we see throughout the growth of the
worm, no attempt at subdividing the body
into regions, each endowed with its peeuliar

2 functions ; but only a more perfect system of
rings, each relatively very equally developed,

&)

Fig. 6.

in the figure, also to the dorsal vessel (c), the intestine (b), and the nervous cord (a).
The trachez and a nervous filament are also sent into the legs and to the wings.
The trachez are also distributed to the dorsal vessel and intestine by numerous
branches which serve to hold them in place.— Original.

F1G. 5. Young Terebella, soon after leaving the egg.— From A. Agassiz.

FiG. 6 represents the embryo of a worm (d4utolytus cornutus) at a later stage
of growth. a is the middle tentacle of the head; e, one of the posterior tentacles;
b, the two eye-spots at the base of the hinder pair of feelers; ¢ is one of a row of
oar-like organs (cirré) at the base of which are inserted the locomotive bristles,
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but all becoming respectively more complicated. For example,
in the Earth-worm (Lumbricus),each ring is distinguishable into
an upper and under side, and in addition to these a well-
marked side-area, to which, as for example in marine worms (e. g.
Nereis), oar-like organs are attached. In most worms eye-spots
appear on the front rings, and slender tentacles grow out, and
a ‘pair of nerve-knots (ganglia) are apportioned to each ring.

In the Crustaceans, such as the fresh-water Crawfish (Asta-
cus), as shown by the German naturalist Rathke ; and also in
the earliest stages of the Insect, the body af once assumes a
worm-like form, thus beginning its embryonic life from the goal
reached by the adult worm.

The young of all Crustaceans (Fig. 7) first begin life in the
egg as oblong flattened worm-like bodies, each end of the body
being alike. The young of the lower Crustaceans, such as the
Barnacles, and some marine forms like the Jwra and some
lowly organized ' parasitic species inhabiting the gills of
fishes, are hatched as microscopic embryos which would readily
be mistaken for young mites (Acarina). In the higher Crus-
taceans, such as the fresh-water Crawfish, the Noa
young, when hatched, does not greatly differ
from the parent, as it has passed through the
worm-like stage within the egg.

Fig. 7 represents the young of the fresh-
water Lobster (Crawfish) before leaving the
egg. The body is divided into rings, ending
in lobes on the sides, which are the rudiments
of the limbs. & is the rudiment of the eye- Fig. 7.
stalk, at the end of which is the eye; a is the fore antennse;
¢ is the hind antennge; d is one of the maxilla-feet; e is the
first pair of true feet destined in the adult to form the large
¢claw.” Thus the eye-stalks, antennse, claws, and legs are
moulded upon a common form, and at first are scarcely distin-

with the cirri serving as swimming and locomotive organs; d, the caudal styles, or
tail-feelers. In this figure we see how slight are the differences between the
feelers of the head, the oar-like swimming organs, and the caudal fllaments; we
can easily see that they are but modiflcations of a common form, and all arise
from the ecommon limb-bearing region of the body. The alimentary canal, with
the proventriculus, or anterior division of the stomach, occupies the middle of the
body; while the mouth opens on the under side of the head.— From 4. dgassiz.
F1G. 7. Embryo of the Crawfish. — From Rathlke.

1*
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guishable from each other. Here we see the embryo divided
into a head-thorax and a tail.

It is the same with Insects. Within the egg at the dawn of
life they are flattened oblong bodies curved upon the yelk-
mass. Before hatching they become more cylindrical, the
limbs bud out on the sides of the rings, the head is clearly
demarked, and the young caterpillar soon steps forth from the
egg-shell ready armed and equipped for its riotous life.

As will be seen in Fig. 8, the legs, jaws, and antennz are
first started as buds from the side of the rings, being simply
elongations of the body-wall,
which bud out, become larger,
and finally jointed, until the
buds arising from the thorax or
abdomen become legs, those
from the base of the head be-
come jaws, while the antennae
and palpi sprout out from the
front rings of the head. Thus
while the bodies of all articulates

Fig. 8. are built up from a common em-
bryonic form, their appendages, which are so diverse, when we
compare a Lobster’s claw with an Insect’s antenna, or a Spider’s
spinneret with the hinder limbs of a Centipede, are yet but
modifications of a common form, adapted for the different uses
to which they are put by these animals.

FI1G. 8. A Caddis, or Cuse-fly (Mystacides) in the egg, with part of the yolk
(z) not yet inclosed within the body-walls. @, antennz; between a and b the mandi-
bles; b, maxilla; ¢, labium; d, the separate eye-spots (ocelli), which afterwards in-
crease greatly in number and unite to form the compound eye. The “neck” or
junction of the head with the thorax is seen at the front part of the yolk-mass; e,
the three pairs of legs, which are folded once on themselves; f, the pair of anal legs
attached to the tenth ring of the abdomen, as seen in caterpillars, whieh form long
antenna-like fllaments in the Cockroach and May-fly, etc. The rings of the body are
but partially formed; they are cylindrical, giving the body a worm-like form.
Here, as in the other two figures, though not so distinctly seen, the antenne, jaws,
and last pair of abdominal legs are modiflcations of but a single form, and grow
out from the side of the body. The head-appendages are directed forwards, as
they are to be adapted for sensory and feeding purposes; the legs are directed
downwards, since they are to support the insect while walking. Itappears thatthe
two ends of the body are perfected before the middle, and the under side before the
upper, as we see the yolk-mass is not yet inclosed and the rings not yet formed
above. Thus all articulates differ from all vertebrates in having the yolk-mass
situated on the baek, instead of on the belly, as in the chick, dog, or human em-
bryo.— From Zaddach. I
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The Worm is long and slender, composed of an irregular
number of rings, all of very even size. Thus, while the size of
the rings is fixed, their number is indeterminate, varying from
twenty to two hundred or more. The outline of the body is a
single eylindrical figure. The organs of locomotion are fleshy
filaments and hairs (Fig. 3, f) appended to the sides.

In one of the low intestinal worms, the Tape-worm ( Tenia),
each ring, behind the head and ‘“neck,” is provided with organs
of reproduction, so that when the body becomes broken up
into its constituent elements, or rings (as often occurs naturally
in these low forms for the more ready propagation of the
species, since the young are exposed to many dangers while
living in the intestines of animals), they become living inde-
pendent beings which ‘“move freely and somewhat quickly
like Leaches,” and until their real nature was known they
were thought to be worms. This and other facts prove, that,
in the Worm, the vitality of the animal is very equally dis-
tributed to each ring. If we cut off the head or tail of some
of the low worms, such as the Flat Worms (Planaria, etc.), the
pieces will become a distinet animal, but an Insect or Crab
sooner or later dies when deprived of its head or tail (abdomen).

Thus, in the Worm the vital force is very equally distributed
to each zoblogical clement, or ring of the body; no single
part of the body is much honored above the rest, so as to sub-
ordinate and hold the other a b
parts in subservience to its :
peculiar and higher ends in
the animal economy.

The Crustacean, of which
the Shrimp (Fig. 9) is a
typical example, is com-
posed of a determinate
number (21) of rings which Fig. 9.
are gathered into two regions; the head-thorax (cephalo-
thorax) and hind-body, or abdomen. In this class there
is a broad distinction between the anterior and posterior ends
of the body. The rings are now grouped into two regions,
and the hinder division is subordinate in its structure and

F1G. 9. A Shrimp. Pandalus annulicornis. a, cephalothorax; b, abdomen.
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uses to the forward portion of the body. Hence the nervous
power is transferred in some degree towards the head; the
cephalothorax containing the nervous ecentres from which nerves
are distributed to the abdomen. Nearly all the organs perform-
ing the functions of locomotion and sensation reside in the front
region ; while the vegetative functions, or those concerned
in the reproduction and nourishment of the animal, are mostly
carried on in the hinder region of the body (the abdomen).

The typical Crustacean cannot be said to have a true head,
in distinction from a thorax bearing the organs of locomotion,
but rather a group of rings, to which are appended the organs
of sensation and locomotion. Hence we find the appendages
of this region gradually changing from antennse and jaws to
foot-jaws, or limbs capable of eating and also of locomotion ;
they shade into each other as seen in Fig. 9. Sometimes the
jaws become remarkably like claws ; or the legs resemble jaws
at the base, but towards their tips become claw-like; gill-like
bodies are sometimes attached to the foot-jaws, and thus, as
stated by Professor J. D. Dana in the introduction to his great
work on the Crustacea of the United States Exploring Expedi-
tion, the typical Crustaceans do not have a distinct head, but
rather a ‘‘head-thorax” (cephalothorax).

‘When we rise a third and last step into the world of Insects,
we see a completion and final development of the articu-
late plan which has been but obscurely hinted at in the two
lowest classes, the Worms and Crustaceans. Here we first meet
with a true head, separate in its structure and functions from
the thorax, which, in its turn, is clearly distinguishable from
the third region of the body, the abdomen, or hind-body.
These three regions, as seen in the Wasp (Fig. 10), are each

- provided with three distinct sets of organs,
each having distinet functions, though all are
governed by and minister to the brain force,
now in a great measure gathered up from the
posterior rings of the body, and in a more
concentrated form (the brain being larger than in the lower
articulates) lodged in the head.

Here, then, is a centralization of parts headwards; they are

F1G. 10. Philanthus ventilabris Fabr. A Wood-wasp.— From Say.
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brought as if towards a focus, and that focus the head, which
is the meaning of the term ¢‘ cephalization,” proposed by Pro-
fessor Dana.* Ring distinctions have given way to regional
distinctions, The former characterize the Worm, the latter
the Insect. In other words, the division of the body into three
parts, or regions, is in the insect, on the whole, better marked
than the division of any one of those parts, except the abdo-
men, into rings.

ComposiTION OF THE INSECT-CRUST. Before describing the
composition of the body-wall, or crust, of the Insect, let us
briefly review the mode in which the same parts are formed in
the lower classes, the Worms and Crustaceans. We have seen
that the typical ring, or segment (called by authors zodnule,
200nite, or somite, meaning parts of a body, though we prefer
the term arthromere, denoting the elemental part of a jointed
or articulate animal), consists of an upper (tergite), a side
(pleurite), and an under piece (sternite). This is seen in its
greatest simplicity in the Worm (Fig. 2), where the upper and
ventral arcs are separated by the pleural region. In the Crus-
tacean the parts, hardened by the deposition of chitine and
therefore thick and unyielding, have to be farther subdivided to
secure the necessary amount of freedom of motion to the body
and legs. The upper arc not only covers the back of the ani-
mal, but extends down the sides; the legs are jointed to the
epimera, or flanks, on the lower arc; the episternum is sitnated
between the epimerum and sternum; and the sternum, form-
ing the breast, is situated between the legs. In the adult, there-
fore, each elemental ring is composed of six pieces. It
should, however, be borne in mind that the tergum and ster-

*In two papers on the Classiflcation of Animals, published in the American
Journal of Science and Arts, Second Series, vol. xxxv, p. 65, vol. xxxvi, July, 1863,
and also in his earlier paper on Crustaceans, ‘“the principle of cephalization is
shown to be exhibited among animals in the following ways:

1. By a transter of members from the locomotive to the cephalic series.

2. By the anterior of the locomotive organs participating to some extent in ce-
phalic functions. |

3. By increased abbreviation, concentration, compactness, and perfection of
stracture, in the parts and organs of the anterior portion of the body.

4. By increased abbreviation, condensation, and perfection of structure in the
posterior, or gastric and caudal portion of the body.

5. By an upward rise in the cephalic end of the nervous system. This rise
reaches its extreme limit in Man.”
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num each consist, in the embryo, of two lateral parts, or halves,
which, during development, unite on the median line of the
body. Typically, therefore, the crustacean ring consists pri-
marily of eight pieces. The same number is found in all insects
which are wingless, or in the larva and pupa state ; this applies
also to the Myriapods and Spiders.

In the Myriapoda, or Centipedes, the broad tergum overlaps
the small epimera, while the sternum is much larger than in
the Spiders and Insects. In this respect it is like the broad
flat under-surface of most worms. Hence the legs of the
Centipede are inserted very far apart, and the ‘ breast,” or
sternum, is not much smaller than the dorsal part of the crust.
In the Julus the dorsal piece (tergum) is greatly developed
over the sternum, but this is a departure from what is ap-
parently the more typical form of the order, 7. e. the Centipede.
In the Spiders there is a still greater disproportion in size
between the tergum and the sternum, though the latter is very
large compared with that of Insects. The epimera and episterna,
or side-pieces of the Spiders, are partially concealed by the
over-arching tergum, and they are small, since the joints of the
legs are very large, Audouin’s law of development in Articu-
lates showing that one part of the insect crust is always
developed at the expense of the adjoining part. In the Spider
we notice that the back of the thorax is a single solid plate
consisting originally of four rings consolidated into a single
hard piece. In like manner the broad solid sternal plate
results from the reunion of the same number of sternites cor-
responding, originally, to the number of thoracic legs. Thus
the whole upper side of the head and thorax of the Spider is
consolidated into a single hard horny immovable plate, like
the upper solid part of the cephalothorax of the Crab or
Shrimp. Hence the motions of the Spiders are very stiff com-
pared with those of many Insects, and correspond to those of
the Crab.

The crust of the winged insect is modified for the per-
formance of more complex motions. It is subdivided in so
different a manner from the two lower orders of the class, that
it would almost seem to have nothing in common, structurally
speaking, with the groups below them. It is only by examin-
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ing the lowest wingless forms such as the Louse, Flea,
Podura, and Bark-lice, where we see a transition to the Or-
ders of Spiders and Myriapods, that we can perceive the plan
pervading all these forms, uniting them into a common
class.

A segment of a winged six-footed insect (Hexapod) consists
typically of eight pieces which we will now examine more
leisurely. Figure 12 represents a side-view of prm
the thorax of the Telea Polyphemus, or Silk- pt3y77
worm moth, with the legs and wings removed.
Each ring consists primarily of the tergum, the
two side-pieces (epimerum and episternum) and 7 g
the sternum, or breast-plate. But one of these Fig. 11.
piceces (sternum) remains simple, as in the lower orders. The
tergum is divided into four pieces. They were named by Au-
douin going from before backwards, Fig. 12.
the preescutum, scutum, scutellum,
and postscutellum.

The scutum is invariably present #*°
and forms the larger part of the w-
upper portion (tergum) of the tho- em’
rax; the scutellum is, as its name ‘em
indicates, the little shield so promi-
nent in the beetle, which is also =\
uniformly present. The other two trte ¢’ trc” tr
pieces are usually minute and AR
crowded down out of sight, and placed between the two oppos-
ing rings. As seen in Fig. 11, the preescutum of the moth is
a small rounded piece, bent vertically down, so as not to be
seen from above. In the lowly organized Hepialus, and some

Fic. 11. Tergal view of the middle segment of the thorax of Telea Polyphemus.
prm, prescutum; ms, scutum; scm, scutellam; ptm, postscutellum; p¢, patagium,
or shoulder tippet, covering the insertion of the wings. — Original.

F1G. 12. Side view of the thorax of 7. Polyphemus, the hairs removed. 1, Pro-
thorax; 2, Mesothorax; 3, Metathorax, separated by the wider black lines. Tergum
of the prothorax not represented. ms, mesoscutum; scm, mesoscntellum; ms”,
metascutum; sem”, metascutellum; p¢, a supplementary piece necar the inser-
tion of patagia; w, pieces situated at the insertion of the wings and surrounded by
membrane; em, epimerum of prothorax, the long upright piece above being the
episternum; epm”, episternum of the mesothorax; em”, eplmerum of the same;
epm™, episternum of the metathorax; em™, epimerum of the same, divided into two
pieces; ¢, ¢, ¢, cox®; te, le’, le”, trochantines; tr, fr, tr, trochanters.
— Original. )
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Neuroptera, such as the Polystechotes (Fig. 13 a), the pre-
seutum is large, well developed, triangular, and wedged in
between the two halves of the scutum. The little | ¥
piece succeeding the scutellum, i.e. the postscu-
tellum, is still smaller, and rarely used in descrip-
tive entomology. Thus far we have spoken of the 3 '
middle, or mesothoracic, ring, where these four
pieces are most equally developed. In the’ first,
or prothoracic, ring, one part, most probably the
scutum, is well developed, while the others are
aborted, and it is next to impossible to trace them
in most insects. The prothorax in the higher in-  Fis. 13.
sects, such as the Hymenoptera, Lepidoptera, and Diptera is
very small, and often intimately soldered to the succeeding or
mesothoracic ring. In the lower insects, however, such as the
Coleoptera, the bugs (Hemiptera), grasshoppers and their
allies (Orthoptera), and the Neuroptera, the large broad pro-
thorax consists almost entirely of this single piece, and most
writers speak of this part under the name of ¢ thorax,” since
the two posterior segments are concealed by the wings when
the animal is at rest. The metathorax is usually very broad
and short. Here we see the scutum split asunder, with the
preescutum and scutellum wedged in between, while the post-
scutellum is aborted.

On the side are two pieces, the upper (epimerum) placed
just beneath the tergum, which is the collective name for the
four tergal, or dorsal, pieces enumerated above. In front of
the epimerum and resting upon the sternum, as its name im-
plies, is the episternum. These two parts (pleurites) compose
the flanks of the elemental ring. To them the legs are articu-
lated. Between the two episterna is situated the breast-piece
(sternum), which shows a tendency to grow smaller as we
ascend from the Neuroptera to the Bees.

In those insects provided with wings, the epimera are also
subdivided. The smaller pieces, hinging upon each other, as
it were, give play to the very numerous muscles of flight

F1G. 13. A tergal view of thorax of Hepialus (Sthenopis); 1, prothorax; 2,meso-
thorax; 3, metathorax. The prothorax is very small compared with that of Poly-
staechotes (13 a, 1), where it is nearly as long as broad. — Original.
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needed by the insect to perform its complicated motions
while on the wing.

The insertion of the fore wing is concealed by the ‘¢ shoulder
tippets,” or patagia (Fig. 11), which are only present in the
mesothorax. The external opening of the spiracles just under
the wing perforates a little piece called by Audouin the peri-
treme.

A glance at Figures 11 and 12 shows how compactly the
various parts of the thorax are agglutinated into a globular
mass, and that this is due to the diminished size of the first
and third rings, while the middle ring is greatly enlarged to
support the. muscles of flight. There are four tergal, four
pleural, two on each side (and these in the Hymenoptera, Lepi-
doptera, and Diptera subdivide into scveral pieces), and a
single sternal piece, making mine for each ring and twenty-
seven for the whole thorax, with eight accessory pieces (the
three pairs of peritremes and the two patagia), making a total
of thirty-five for the entire thorax; or, multiplying the four
tergal pieces by two, since they are formed by the union of two
primitive pieces on the median line of the body, we have
thirty-nine pieces composing the thorax.

TABLE OF THE PARTS OF THE THORAX APPLIED TO THE PRO-,
MESO-, AND METATHORAX, RESPECTIVELY.

Preescutum,
Dorsal Scutum,
Surface ) Scutellum,
Postscutellum.
Epimerum
Thorax ]S?}xer‘il‘::zle ngiSternur;l,
Episternal apophysis, Stigma, Peritreme.
Sternal {
{ Surface Sternum.

We must remember that these pieces are rarely of precisely
the same form in any two species, and that they differ, often in
a very marked way, in different genera of insects. How sim-
ple, then, is the typical ring, and how complex are the va-
rious subdivisions of that ring as seen in the actual, living
insect, where each part has its appropriate muscles, nerves, and
tracheze !

We have seen how the thorax is formed in Insects generally,
let us now advert to the two types of thorax in the six-footed
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insects. In the higher series of suborders, comprising the Dip-
tera, Lepidoptera and Hymenoptera, placing the highest last,
the thorax shows a tendency to assume a globular shape; the
upper side, or tergum, is much arched, the pleural region bulges
out full and round, while the legs conceal at their insertion
the sternum which is minute in size.

In the lower series, embracing the Coleoptera, IHemiptera,
Orthoptera, and Neuroptera, the entire body tends to be more
flattened ; in the thorax the tergum is broad, especially that of
the prothorax, while the pleurites (episterna and epimera) are
short and bulge out less than in the higher series, and the ster-
num is almost invariably well developed, often presenting a
large thick breast-plate bearing a stout spine or thick tuberecle,
as in (Edipoda. We can use these characters, in classifying
insects into suborders, as they are common to the whole order.
Hence the use of characters drawn from the wings and mouth-
parts (which are sometimes wanting), leads to artificial dis-
tinctions, as they are peripheral organs, though often convenient
in our first attempts at classifying and limiting natural groups.

The abdomen. In the hind body, or third region of the
trunk, the three divisions of the typical ring (arthromere), are
entire, the tergum is broad and often not much greater in ex-
tent than the sternum; and the pleurites also form either a
single piece, or, divided into an epimerum and episternum,
form a distinct lateral region, on which the stigmata are sit-
uated. The segments of the abdomen have received from
Lacaze-Duthiers a still more special name, that of urite, and
the different tergal pieces belonging to the several rings,
but especially those that have been modified to form the genital
armor have been designated by him as tergites. We have
applied this last term to the tergal pieces generally. The typi-
cal number of abdominal segments is eleven. In the lowest
insécts, the Neuroptera, there are usually eleven; as we have
counted them in the abdomen of the embryo of Diplax. In
others, such as the Hymenoptera and Lepidoptera, there may
never be more than ten, so far as present observation teaches
us.

The formation of the sting, and of the male intromittent
organ, may be observed in the full-grown larva and in the in-
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complete pupa of the Humble-bee, and other thin-skinned
Hymenopterous larvae, and in a less satisfactory way in the
young Dragon-lies.
If the larva of the Humble-bee be taken just after it has
become full-fed, and as it is about to enter upon the pupa state,
" the elements
oo < C> (sterno - rhab- [

\&)}U& dites Lacaze-
Duthiers) , O

tubercles,
destined to Fig. 16.
form the ovipositor, lie in
separate pairs, in two groups,

Fig. 4. Flg. 15. exposed distinetly to view,
as in Figures 14-18. The ovipositor thus consists of three
pairs of slender non-articulated tubercles, situated in juxta-
position on each side of Fig. 17. 1a.
the mesial line of the
body. The first pair arises \

from the eighth abdominal e(y‘"(
& 7
Vi ,

ring, and the second and
third pair grow out from
the ninth ring. The ends ”
of the first pair scarcely
reach beyond the base of

the third pair. With the ) T

growth of the semi-pupa,

the end of the abdomen °

decreases in size, and is E"aig, 18. 1Sa.

F16. 14. Rudiments of the sting, or ovipositor, of the Humble-bee. 8, 9, 10,
sternites of eighth, ninth, and tenth abdominal rings in the larva. e, first pair, situ-
ated on the eighth sternite; b, second and inner pair; and ¢, the outer pair. The let-
tering is the same in figures 14-22. The inner pair (b), forms the true ovipositor,
throngh which the eggs are supposed to pass when laid by the insect, the two
outer pairs, @ and ¢, sheathing the inner pair.

F1G. 15. The same a little farther advanced.

F1G. 16. The same at a later stage, the three pairs approximating.

F1G. 17. The three pairs now appear as if together growing from the base of the
ninth segment; 17q, side view of the same, showing the end of the abdomen grow-
ing smaller through the diminution m size of the under side of the body.

F16. 18. The three pairs of rhabdites now nearly equal in size, and nearly
ready to unite and form a tube; 18a, sille view of the same; the end of the abdo-
men still more pointed; the ovipositor is situated between the seventh and tenth
rings, and is partially retracted within the body.
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gradually incurved toward the base (Fig. 18), and the three
pairs of rhabdites approach each other so closely that the two
outer ones completely ensheath the inner, until a complete
extensible tube is formed, which is gradually withdrawn entirely
within the body.

The male genital organ is originally composed of three pairs
(two pairs, apparently, in Fs-
o chna, Fig. 19) of tubercles all
arising from the ninth abdominal
ring, being sternal outgrowths
and placed on each side of the

‘ﬂ’ i mesial line of the body, two be- Fig. 20.

ing anterior, and very unequal in size, and the

Fig. 19. third pair nearer the base of the abdomen. The ex-
ternal genital organs cannot be considered as
in any way homologous with the limbs, which
are articulated outgrowths budding out be-

,tween the sternal and pleural
!ﬁm pieces of the arthromere.*
G b This view will apply to the
Fig.21.  genital armor of all Insects, so
far as we have been able to observe. It is
so in the pupa of Fschna (Fig. 21), and
the pupa of Agrion (Fig. 22), which com-
pletely repeats, in its essential features, the Fig. 22.
structure of the ovipositor of Bombus. Thus in & schna and
Agrion the ovipositor consists of a pair of closely appressed ensi-
form processes which grow out from under the posterior edge of
the eighth abdominal ring, and are embraced between two pairs

* This term is proposed as better deflning the ideal ring, or primary zoélogical

element of an articulated animal than the terms somite or zoonite, which seem too
“ vague; we also propose the term arthroderm for the outer crust, or body walls, of

Articulates, and arthropleura for the pleural, or limb-bearing region, of the body,

being that portion of the arthromere situated between the tergite and sternite.

Fi1G. 19. The rudiments of the male intromittent organ of the pupa of ZEschna,
consisting of two flattened tubercles sitnated on the ninth ring; the outer pair
large and rounded inclosing the smaller linear oval pair.

F1c. 20. The same in the Humble-bee, but consisting of three pairs of tubercles,
z,4,%; 8,9, 10, the last three segments of the abdomen.

FIG. 21. The rudimentary ovipositor of the pupa of _Zschna, a Dragon-fly.

F1G. 22. The same in pupa of Agrion, a small Dragon-fly. Here the rndiments
of the eleventh abdominal ring is seen. d, the base of one of the abdominal false
gills, — Figs. 14-22 original. s
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of thin lamelliform picces of similar form and structure, arising
from the sternite of the ninth ring. These sternal outgrowths
do not homologize with the filiform, antennse-like, jointed
appendages of the eleventh ring, as seen in the Perlidee and
most Neuroptera and Orthoptera (especially in Mantis tes-
sellata where they (Fig. 23) closely @,

resemble antenna), which, arising as
they do from the arthropleural, or limb- ot
bearing region of the body, 7. e. between Fig. 23.
the sternum and episternum, are strictly homologous with the
abdominal legs of the Mpyriapoda, the ‘‘false legs” of cater-
pillars, and the abdominal legs of some Neuropterous larvee
(Corydalis, Phyganeide, etc.).

It will ¢hus be seen that the attenuated form of the tip is
produced by the decrease in size of Certain parts, the actual
disappearance of others, and the perfection of those parts to
be of future use. Thus towards the extremity of the body
the pleurites are absorbed and disappear, the tergites overlap
on the sternites, and the latter diminish in size and are
withdrawn within the body, while the last, or eleventh sternite,
entirely disappears.* Meanwhile the sting grows larger and
larger, until finally we
have the neatly fashioned
abdominal tip of the bee
concealing the complex
sting with its intricate
system of visceral ves-

Fig. 24. . sels and glands.

The ovipositor, or sting, of all insects, therefore, is formed

on a common plan (Fig. 24). The solid elements of the arthro-

*In Ranatra, however, Lacaze-Duthiers has noticed the curious fact that in
order to form the long respiratory tube of this insect, the tergite and sternite of the
pregenital (eighth) segment are aborted, while the pleurites are enormously en-
larged and elongated, so as to carry the stigmata far out to the end of the long tube
thus formed. . N

F1G. 23. End of the abdomen of Mantis tessellata; p, many-jointed anal style
resembling’an antenna. 5-11, the seven last abdominal segments; the 8-11th ster-
nites being obsolete.— From Lacaze-Duthiers.

F1G. 24. Ideal plan of the structure of the ovipositor in the adult insect. 1-7t,
the tergites, conneeted by dotted lines with their corresponding sternites. b, the
eighth tergite, or anal scale; ¢, epimerum; «’, a, two pieces forming the outer pair
of rhabdites; %, the second pair, or stylets; and f, the inner pair, or sting; d, the

2 -
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mere are modified to form the parts supporting the sting alone.
The external opening of the oviduct is always situated between
the eighth and ninth segments, while the anal opening lies at
the end of the eleventh ring. So that there are really, as
Lacaze-Duthiers observes, three segments interposed between
the genital and anal openings.

The various modifications of the ovipositor and male organ
will be noticed under the different suborders.

Tue StructURE OF THE HEAD. After studying the com-
position of the thorax and abdomen, where the. constituent
parts of the elemental ring occur in their greatest simplicity,
we may attempt to unravel the intricate structure of the head.
We are to determine whether it is composed of one; or more,
segments, and if several, to ascertain how many, and then to
learn what parts of the typical arthromere are most largely
developed as compared with the development of similar parts
in the thorax or abdomen. In this, perhaps the most difficult
problem the entomologist has to deal with, the study of the
head of the adult insect alone is only gnesswork. We must
trace its growth in the embryo. Though many iriters consider
the head as consisting of but a single segment, the most emi-
nent entomologists have agreed that the head of insects is com-
posed of two or more segments. Savigny led the way to these
discoveries in transcendental entomology by stating that the
appendages of the head are but modified limbs, and homol-
ogous with the legs. This view at once gave a clue to the
complicated structure of the head. If the antenna and biting
organs are modified limbs, then there must be an elemental
segment present in some form, however slightly developed in
the mature insect, to which such limbs are attached. But the
best observers have differed as to the supposed number of such
theoretical segments. DBurmeister believed that there were two
only; Carus and Audeuin thought there were three; McLeay
and Newman four, and Straus-Durckheim recognized seven.
From the study of the semipupa of the ITumble-bee (Bombus)

support of the sting; e, the support of the stylet (é). R, the anus; O, the outlet of
the aviduet. The seventh, eighth, and ninth sternites are aborted,— From ZLacaze-
Duthiers. 4 e

a
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and several low Neuropterous forms, as the larva of Epleniera,
but chiefly the embryo of Diplax, a dragon-fly, we have con-
cluded that there are seven such elemental segments in the
head of inseets.

That there are four corresponding to the jointed appendages,
i. e. the labium, or second maxillee, the first maxillee, the man-
dibles, and the antennge, seems indisputable. But where else
are we to look for jointed appendages in an insect’s head? We
must go out of the class of Insects and study the stalk-eyed
Crustacea, such as the Lobster, where the eye is supported on a
two-jointed stalk, which has been homologized with the limbs.
While, therefore, the eyes of insects are never *stalked,” as in
the Lobster and Shrimp, they are evidently developed, as in
the Crustacean, upon a‘separate segment (or its rudiments),
which may be ecalled the  ophthalmic ring,” and which is, there-
fore, the fifth cephalic ring. In advance of the eyes are nor-
mally placed the three ocelli, though in the highest Insects (the
Diptera, Lepidoptera, and Hymenoptera) they appear to be
situated in the rear of the eyes.

Each of these three ocelli is situated upon a distinet piece;
but we must consider the anterior single ocellus as in reality
formed of two, since in the immature pupa of Bombus the
anterior ocellus is differently shaped from the two posterior
ones, being transversely ovate, resulting, as I think, from the
fusion of two originally distinct ocelli, and not round like the
other two. There are, therefore, two pairs of ocelli, and hence
tlfey grow from the rudiments of a sixth and seventh ring
respectively.

Now, since the aithropleural is the limb-bearing region. in
the thorax, it must follow that this region is:largely developed
in the head, to the bulk of which the sensory and digestive
organs bear so large a proportion; and as all .the parts of the
head are subordinated in their development to that of the ap-
pendages of which they form the support, it must follow logi-
cally that the larger portion of the body of the head is pleural,
aud that the tergal, and especially the sternal, parts are either
very slightly developed, or wholly obsolete. Thus each region
of the body is charactetized by the relative development of
the three parts of the arthromere. In the abdomen the upper
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(tergal) and under (sternal) surfaces are most equally devel-
oped, while the pleural line is redueed to a minimum. In the
thorax the pleural region is much more developed, either quite
as mueh, or oiten more than the upper, or tergal portion, while
the sternal is reduced to a minimum. In the head the pleurites
form the main bulk of the regioﬁ, the sternites are redueed to
a minimum, and the tergites may be identified in the occiput,
the clypeus, and labrum.

TABLE OF THHE SEGMENTS OF THE HEAD AND THEIR APPENDAGES,
BEGINNING WITH THE MOST ANTERIOR.*

Preoral.

5 Labru iphary -
¢ Hypothetical), Tergal, { pelusl?’ epipharynx, cly
First Segment Anterior ocellus (originally

(First Ocellary), Pleural, { double). B
Second Segment Pleural T tan i

(Second Ocellary), cural, wo posterior ocelli.
Third Segment

(Ophthalnfic), } Pleural, Eyes.
sy i }P]eural, Antenne.

(4ntennary),

< Postoral.

Fifth Segment o "

R e } Pleural, Mandibles.
Sixth Segment 5 »

(First M;zillary), }Pleural, First maxille.

Second maxillae .

Seventh Segment Tergal (oeciput),
(Second Mazillary, or Pleural (gena) 2
Labial), ; Sternal (Tgula),’ (Labium).

The Appendages. We naturally begin with the thoracic
appendages, or legs, of which there is a pair to each ring. The
leg (Fig. 25) consists of seven joints, the basal one, the coxa, in
the Hymenoptera, Lepidoptera, and Diptera, consisting of two

*In the first colnmn are enumerated the seven rings, or segments, eomposing
the head. The tergal pavts (i.e. the labrum, epipharynx, and clypeus), situated in
front of the ocelli, are left out in enumerating the seven segments, as they are not
supposed by the author to belong to either of those segments.

In the first column the seven rings are named (In brackets) according to the sort of
appendages they bear. In the second column is given the part, or parts, of the ideal
segment supposed actually to exist in an insect’s head; and in the third column arc to
be found the names of the organs attached to their corresponding segments, beginning
with the front and going back to the base of the head.
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pieces, i.e. the coxa and trochantine (see Fig. 12); the #ro-
chanter ; the femur; the tibia, and, lastly, the tarsus, which is
subdivided into from one to five joints, the latter being
the normal number. The terminal joint ends in a pair
of elaws between which is a cushion-like sucker called
the pulvillus. This sucking disk enables the Fly to
walk upside down and on glass.

In the larva, the feet are short and horny, and the Fig. 25.
joints can be still distinguished. In Myriapods, each segment
of the abdomen has a pair of feet like the thoracic ones. We
must consider the three pairs of spinnerets of Spiders, which
are one to three-jointed, as homologous with the jointed limbs of
the higher insects. In the six-footed insects (Hexapoda), the
abdominal legs are deciduous, being present in the Coleopterous
grub, the Dipterous maggot, the ecaterpillar, and larva of the
Saw-fly, but disappearing in the pupa state. They are often,
as in most maggots, either absent, or reduced in number to the
two anal, or terminal, pair of legs ; while in the Saw-flies, there
are as many as eight pairs. These ¢false” or ¢ prop-legs”
are soft and fleshy, and without articulations. At the retrac-
tile extremity is a crown of hooks, as seen in caterpillars or the
hind-legs of the larva of Chironomus (Fig. 26), in which the
prothoracic pair of legs is reduced to inarticu-
late fleshy legs like the abdominal ones.

The position of the different pairs of legs
deserves notice in connection with the principle
of ‘antero-posterior symmetry.” The fore- o < ol
legs are directed forwards like the human arms,  Fig.26.

. but the two hinder pairs are directed backwards. In the Spiders,
three pairs of abdominal legs (spinnerets) are retained through-
out life; in the lower Hexapods, a single pair, which is ap-
pended to the eleventh segment, is often retained, but under
a form which is rather like an antenna, than limb-like. In
some Neuropterous larvee (Phryganea, Corydalus, etc.) the
anal pair of limbs are very well marked; they constitute the
‘“anal forceps” of the adult insect. They sometimes become
true, many-jointed appendages, and are then remarkably like

F1G. 25. A, eoxa; B,trochanter; C, femur; D,tibia; F, tibial spurs; E, tarsus,
divided into five tarsal joints, the fitth ending in a claw.— From Sanborn.
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an{enne, as in the instance of Muntis tessellata described by
Lacaze-Duthiers (Fig. 23). In the Cockroach these append-
ages, sometimes called ‘“anal cerci,” resemble the antennze of
the same insect. In the Lepidoptera and Hymenoptera they
do not appear to be jointed, and are greatly aborted.

The Wings. The wings of insects first appear as little soft
vascular sacs permeated by trachesz.  They grow out in the
preparatory stages (Fig. 27) of the pupa from the side of the

E thorax and above the insertion of the
legs, i.e. between the epimerum and
m tergum. During the pupa state they
-are pad-like, but when the pupa skin is
s thrown off they expand with air, and
in a few minutes, as in the Butterfly,
enlarge to many times their original
size. The wings of insects, then, are
simple expansions of the crust, spread
over a framework of horny tubes.
These tubes are really double, consist-
ing of a central trachea, or air tube,
inclosed within a larger tube filled with
blood, and which performs the functions of the veins. Ience
the agration of the blood is carried on in the wings, and thus
they serve the double purpose of lungs and organs of flight.

The number and situation of these veins and their branches
(veinlets) are of great use in separating genera and species.
The typical number of primary veins is five. They diverge
outward at a slight angle from the insertion of the wing, and
are soon divided into veinlets, from which cross veins are
thrown out connecting with others to form a net-work of veins
and veinlets, called the wenation of the wing (Figs. 28, 29).
The interspaces between the veins and veinlets are called cells.

At a casual glance the venation seems very irregular, but in
many ingects is simple enough to enable us to trace and name
the veinlets. The five main veins, most usually present, are

Fig. 27.

F1G. 27. The semipnpa of Bombus, the larva skin having been removed, show-
ing the two pairs of rndimentary wings growing out from the mesothorax (%), and
metathorax (m). n and the seven sncceeding dots represent the eight abdominal
stigmata, the first one (n) being in the pupa situated on the thorax, since the first
ring of the abdomen is in this stage joined to the thorax. - Original,
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called, beginning at the costa, or front edge, the costal, subcostal,
median, submedian, and internal, and sometimes the median
divides into two, making six Fig. 28.
veins. The costal vein is un- .
divided ; the subcostal and me-
dian are divided into several
branches, while the submedian
and internal are usually simple.
The venation of the fore-
wings affords excellent marks
in separating genera, but that
of the hind wings varies less,
and is consequently of less use.
The wings of many insects
are divided by the veins into
three well-marked areas; the
costal, median, and internal.
The costal area (IFFig. 510) forms
the front edge of the wing and
is the strongest,
since the veins are
nearer together than "
elsewhere, and thus ‘",”"
afford the greatest
resistance to the air Fig. 29.

F1G. 28. Fore and hind wings of a Butterfly, showing the venation. I. forewing:
a, costal vein; b, subcostal vein; b1, b2, b3, b4, b5, five subcostal veinlets; ¢, inde-
pendent vein (it is sometimes a branch of the subeostal, and sometimes of the me-
dian vein); d, median vein; d1, d2, d3, d4, four median veinlets; ¢, snbmedian vein;
J, internal vein; %, interno-median veinlet (rarely found, aceording to Doubleday,
except in Papilio and Morpho); b and d are situated in the “discal eell;” g1, g2, g3,
the upper, middle, and lower discal veinlets. In the Bombycidee and many other
moths g1 and g2 are thrown off from the subeostal and median veins respectively,
meeting in the middle of the cell at g2. They are sometimes wholly absent.

II. The hind wing; the lettering and names of the veins and veinlets the same
as in the fore wing. — Slightly changed from Doubleday.

Fi1G. 29. Fore wing of a Ilymenopterous insect. ¢, costal vein; sc, subeostal
vein; m, median vein; sm, submedian vein; 14, internal vein; ¢, 1,2, 3, the first,
second, and third costal cells; the second frehlrently opaque and then called the
plerostigma. sc, 1,2, 3, 4, the fonr subcostal cells; m, 1, 2, 3, 4, the median cells;
sm, 1, 2, 3, the three submedian cells; i1, the internal cell; this is sometimes divided
into two cells, and the numbers of all but the costal eells is inconstant, the outer
row of cells (4, 4, 3) being the first to disuppear.

The costal edge extends from c to ¢; the outer ¢, the apex; the outer edge extends
from the apex (c) to a, and the inner edge extends from a, the inner angle, to the
insertion of the wing at i.— Original. Figs. 30-32 from Scudder.



24 THE CLASS OF INSECTS.

during flight. The median area (Fig. 31 &) is the largest. It is
in the grasshoppers and crickets sometimes modified to form a
musical organ, being
drum-like, as in the
eanthus (Fig. 80), or
%% rasp-like, as in Archyp-
il tera (Fig. 3la). The
internal area (c) is the
smallest, and less dis-
. tinctly marked than the
two other regions; the musical file-like or-
‘ | gan of Orchelimum vulgare, a common grass-
) hopper (Fig. 32d) is sitnated on.this area.
Fig. 33 The limits of the edges of the wing vary

in almost every genus, and their comparative length afford
excellent generic characters. The front edge (Fig. 29) is called
the costal, its termina-
tion in the outer angle
of the wing is called
the apex; the outer edge
is situated between the
apex and the inner an-
gle, between which and
the base of the wing is |
the inmer, or internal,
edge. These distinc-
tions are of most use
in describing the butter-
flies and moths.

The Appendages of
Fig. 31a. the Head. These organs !
are divided into two groups, l
the first of which comprise the L
sensory organs, i. e. the ocelli, Fig. 32.
eyes, and antenng, which are attached to the region in front
of the mouth, or preoral region of the head. The second
group consists of the sensorio-digestive appendages, combining
the power of finding and seizing the food and preparing it for
digestion. They are inserted behind the mouth and belong
to the postoral region of the head.
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We will first describe the ocelli, which are theoretically the
most anterior organs of the head, ending with the basal appen-
dages, the labium (second maxille) being the hindermost.

The simple eye, Ocellus, or Stemma, is the simplest form of
the eye. Its most elementary form (seen in the larva of the
Bot-fly and the Cecidomyian larva of Miastor) is that of a brown
spot, or group of pigment-cells lodged under the skin and
against which a nerve-filament impinges. Over this spot New-
port states that the fegument is transparent and convex,
resembling a true cornea, or eye-lens. A well-developed
ocellus consists, according to Newport, of a ‘‘very convex,
smooth, single cornea, beneath which is a spherical crystalline
lens, resting upon the plano-convex surface of the expanded
vitreous humor, the analogue of the transparent cones of the
compound eyes.” Miller believes that the function of the ocelli
is the perception of nearer objects, while that of the compound
eyes is to see more distant objects. The ocelli constitute the
only visual organs in the Myriapods (except Cermatia), the
Arachnida, and the larvee of many Six-footed Insects; they
are usually from one to six on a side. In adult insects
they are generally three in number, and
are generally present except in the large
majority of Coleoptera. Their normal site
is in front of the eyes, but they are usually Fig. 33.
thrown back, during the growth of the insect, behind the eyes,
on the vertex, or topmost part of the head (Fig. 33).

T'he Compound Ejyes are a congeries of simple eyes. During
the growth of the insect the simple eyes of the larva increase

(‘Ev;/‘) in number, and finally coalesce to form the compound

@’ cye, or compound cornea, the surface of which is

Fig. 3&. very convex and protuberant in the predaceous insects,
or those requiring an extended field of vision.

The number of facets, or cornes, vary from fifty (in the Ant)
to 3,650, the latter number being counted by Geofiroy in the
eye of a Butterfly. These facets are usually hexagonal, as in
the Dragon-fly (Fig. 84), or, rarely, quadrangular.

F1G. 33. Ocelli of three species of Sand-wasps, Pompilus, — From Cresson.
F1G. 3. Three hexagonal facets of the compound eyo of a fossil Dragon-fly,
greatly magnified.— I'rom Dawson.
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The Antennce (Figs. 35, 36) are inserted usually in the adult
insect between, or in front of the eyes, though normally the
antennary is posterior to the ophthalmic ring.

It is normally a long, filiform, slender, many- ;W
jointed appendage, undergoing great changes

in form. When it is highly specialized, as in j%(
Coleoptera and Hymenoptera, it is divided )‘ﬂ)
into three parts, the basal or scape, the middle .

2\ or pedicel, and the terminal part or flugellum, ¥ig- 36
Fig. 35. or clavola, which usually comprises the greater part of
the antenna.

It is believed by some that the sense of hearing is lodged
in the antennze, though Siebold has discovered an auditory
apparatus situated at the base of the abdomen of some, and
in the fore-legs of other species of Grasshoppers.

Mr. J. B. Ilicks has made the latest studies on the auchtOry
apparatus. According to him ‘‘it consists first of a cell, sac,
or cavity filled: with fluid, closed in from the air by a mem-
brane analogous to that which closes the foramen ovale in the
higher animals; second, that this membrane is, for the most
part, thin and delicate, but often projects above the surface, in
either a hemispherical, conical, or canoe-shaped, or even hair-
like form, or variously marked ; thirdly, that the antennal nerve
gives off branches which come in contact with the inner wall of
the sacs ; but whether the nerve enters, or, as is most probable,
ends in the small internally projecting papilla which I have
shown to exist in many of these sacs, it is very difficult, to say.
The principal part of the nerve proceeds to these organs, the
remaining portion passing to the muscles, and to the roots of
the Dairs, at least to those of the larger sort.” On the other
hand, Lefebvre, Leydig, and Gerstaecker regard this so-called
‘“aunditory apparatus” as an organ of smell. :

The antennse have also the sense of touch, as may readily be
observed in Ants, Bees, and the Grasshopper and Cockroach.
“The Honey-bee, when constructing its cells, ascertains their
proper direction and size by means of the extremities of these

Fic. 35. Filiform antenna of Amphizoa.— From Horn.

FI1G. 36. A, lamellate antenna of a Lamellicorn Beetle; B, antenna of a Fly,
with the bristle thrown off from the terminal joint; C, bristle-like antenna of a
Dragon-fly, Libellula.— From Sanborn.
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organs ; while the same insect, when evidently affected by
sounds, keeps them motionless in one direction, as if in the act
of listening.” (Newport.)

After cutting off one or both antenns of the June beetle,
Lachnosterna, the insect loses its power of directing its flight
or steps, wheeling about in a senseless manner. ' Dr. Clemens
observed that the Cecropia moth was similarly affected after
losing its antennse.

The Mandibles (Fig. 37) are inserted on each side of the
mouth-opening. They usually consist of but a single joint,
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representing probably the basal part of the ideal limb. This
part, however, is often subdivided by two longitudinal furrows
into three parts, each ending in a “‘tooth” of unequal size for
tearing and cutting the food. This tripartite form of the man-
dibles, to which attention has been called by Mr. Scudder, is
more fully carried ont in the maxilla, where each portion is
highly specialized. The mandibles vary greatly in form and
size. The two cutting edges are usually opposed to each other,
or frequently overlap in the carnivorous forms. Their base is
.\ often concealed by the clypeus
%4 and labrum. Their motion is
transverse, being the reverse of
the motion of the jaws of Ver-

tebrates.

a Fiz.38. b The Maxillee (Figs. 38D, 39) are  Fig. 30.

much more complicated organs than the mandibles. They are

F1G. 87. Different forms of mandibles. A, mandible of Cicindela purpurea; B,
Phylloptera, a green grasshopper; O, Libellula trimaculata; D, Vespa maculata, or
paper-making Wasp; E, *vostrum” or jointed sucker of the Bed-bug, Cimex lectu-
larius, consisting of mandibles, maxille, and labium; F, prohoseis, or sucker, of a
Mosquito, Culex, in which the mandibles are long and bristle-like.— From Sanborna.
G, mandible of Amphizoa; H, mandible of 4cratus,a genusof Cockchafers.— From
Horu. .

FiG. 38. a, mentum and labial palpi; b, one maxilla, with its palpus, of Acra-
tus.— From Horn.

F1G. 39.  Maxilla of Amphizoa, with the two lobes (stipes and lacinia), and the
palpifer bearing the four-jointed palpus.— From Horn.
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inserted on the under side of the head and just behind the
mouth. The maxilla consists of a basal joint, or cardo,
beyond which it is subdivided into three lobes, the stipes, or
footstalk ; the palpifer, or palpus-bearer; and the lacinia, or .
blade. The stipes forms the outer and main division of the
organ. The lacinia is more membranaceous than the other
parts, and its upper surface is covered with fine hairs, and
forms a great part of the side of the mouth. It is divided
into two lobes, the superior of which is called the galea, or
helmet, which is often a thick double-jointed organ edged with
stiff hairs, and is used as a palpus in the Orthoptera and many
Coleoptera. The inferior lobe is attached to the internal angle
of the lacinia. It terminates in a stiff minute claw, and is
densely covered with stout hairs. The mazillary palpi are
long, slender, one to four-jointed organs, very flexible and sen-
sitive.

The maxille vary greatly in the different groups. Their office
is to seize the food and retain it within the mouth, and also to
aid the mandibles in comminuting it before it is swallowed.
This function reminds us of that of the tongue of vertebrate
animals.

The labium, or second maxillce (Fig. 40),1s placed in front of
the gula, which forms the under part of the head, and is bounded

o« on each side by the gence, or cheeks, and

Py posteriorly by the occiput. The genz are
Wy @ bounded laterally by the epicranium and
‘the under side of the eyes. In front are

eRlns situated the basal parts of the labium, or
second maxillee, which embraces the submentum and mentum
(or labium proper). The labial palpi are inserted into the
mentum, but often the latter piece is differentiated into two,
the anterior of which takes the name of palpiger, called by
Dr. Leconte (Smithsonian Miscellaneous Collections) the ligula,
and the palpi originate from them. The ligula is the front
edge of the labium, being the piece forming the under lip.
It is often a fleshy organ, its inner surface being continuous

F1G6. 40. Ligula and labial palpi of Amphizoa, an aquatic beetle. Itis guadrate
and without paragloss®; a, mentum of the same, being’ deeply incised, and with a
tooth at the bottom of the excavation.— From Horn.
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with the soft membrane of the mouth. In the Bees, it is enor-
mously developed and covered with soft hairs. It is often
confounded with the palpiger. In Hydrous it is divided into
two lobes. In most of the Carabide and Bees it is divided
into three lobes, the two outer ones forming the paraglosse
(Fig. 41m), and acting as feelers, while the middle, usually
much longer, forms the lingua, or tongue, being the continuation
of the ligula. In the bees, where
the ligula is greatly developed,
it performs the part of the tongue
in Vertebrates, and aids the max-
ille in eollecting nectar and
pollen.

The roof of the mouth is
formed by the labrum and the
epipharynz (Fig. 42c¢), a small
fleshy tubercle concealed beneath
the labrum. It is seen in the
bees on turning up the labrum.
It probably corresponds to the
“labellum” of Schiodfe. The
labrum (Fig. 41e) is usually
transverse and situated in front
of the clypeus (Fig. 41b). The
shield-like e¢lypeus is the broad, Fig. 41.
visor-like, square piece forming usually the front of the head.
Behind it is the elypeus posterior, or supra-clypeus, a subdivision
of the clypeus, and especially observable in the Iymenoptera.
The epicranium forms a large part of the head; it is bounded
posteriorly by the occiput, on the sides by the eyes, and in
front by the clypeus, and though usually deseribed as a
single piece, is really composed of several. The ocelli often
appear to be situated upon it, though in reality they are placed
upon a distinct piece or pieces. The ‘¢ epicranial suture” is the
line of junction of the two ¢procephalic lobes” (Huxley).

FI1G. 41. Front view of the head of a bee, Anthcphore. a, compound eyes;c,
three simple eyes, situated upon the ‘epicranium; b, elypeus; e, labrum; d, an-
tennz;f, mandibles; ¢, maxillze; k, maxillary palpi; I, palpifer; j, labial palpi; m,
paraglossa; k, ligula.—From Newport.

3%
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(These lobes will be explained farther on when speaking
of their development in the'embryo.) ‘Behind the epicra-
nium is the oceciput,
or base of the head.
It belongs to the la-
bial, or second max-
illary segment, and
helps to form a com-
plete ring, articulat-
ing with the thorax.
It is perforated by a
foramen to afford a
connection between
the interior of the
head and thorax. It
is sometimes, as in
many Coleoptera, Or-
thoptera, and Iemip-
tera, elongated be-

Fig. 42. hind and constricted,
thus forming a ‘“neck.” It will be seen beyond, that the
labrum ' and eclypeus 'are in the embryo developed from a
‘“tongue-like process whose' inferior part eventually becomes
the labrum, while 'superiorly it sends a triangular process (the
rudiment of the clypeus) into the interval between the proce-
phalic lobes.” *- Tlis part (i.e. the clypeus and labrum) is the
most anterior part of the head, and in the embryo, as in the
adult, is normally situated in front of the ocelli, and may be
compared with the ‘“anal plate,” or eleventh tergite, of the
larva.f

FI1G. 42. Side view of the front part of the head, together with the mouth-
parts of the Humble-bee (Bombus). «, elypeus covered with hairs; b, labrum;
¢, the fleshy epipharynx partially concealed by the base of the mandibles (d);
¢, lacinia, or blade of the maxillze, with their two-jointed palpi (/') at the base; j, the
labium to which is appended the ligula (g); below are the labial palpi; k, the two
basal joints, being greatly enlarged; I, the compound eyes.— Original.

* *These lobes are folded back upon the top of the base of the head, and they
seem to form the Zergal portion of the hypothetical, elemental ring, or rings, to which
they respectively belong, and do not seem to us to be the sternal portion, as sug-
gested by Huxley, for they are apparently developed in front of the mouth-opening;
and form the roof of the mouth..

t ¢ Lastly, there are certain parts developed singly in the median line in the Artic-
ulata. Of this nature are the frontal spines of Crustacea, their telson, and the sting
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In describing Insects the vertex, or crown, of the head is the
highest part; and the front is the part usually in front of the
insertion of the antennae: i !

Tue Muscurar SysteMm lies just beneath, and is continuous
with the integument. It consists of numerous ‘¢ distinet isola-
ted straight fibres, which are not gathered into bundles united
by eommon tendons, or covered by aponeuroses [or tendinous
sheaths] to form distinct muscles, as in the Vertebrata, but
remain separate from each other, and only in some instances
are united at one extremity by tendons.” (Newport.) These
minute fibres form layers, which Newport regards as separate
muscles. ¢ Each fibre is composed of a great number of very
minute fibrillee, or fascienli of fibrillae,” and has been observed
by Wagner and Newport to be often striated as in Vertebrates.
The muscular system is simplest in the lower insects and the
larvee of the higher forms, and is more complex in the head
than elsewhere, and more complex in the thorax than in the
abdomen. These minute muscles are exceedingly numerous.
¢t Lyonnet, in his immortal work on the anatomy of the larva
of Cossus ligniperda, found two hundred and twenty-eight dis-
tinet muscles in the head alone, and, by enumerating the fibres
in the layers of the different segments, reckoned 1,647 for the
body, and 2,118 for the internal organs, thus making together
3,993 muscles in a single larva. In the larva of Sphinx ligus-
tri we have found the muscles equally numerous with those
discovered by Lyonnet in the Cossus.” (Newport.)

The muscular system corresponds to the jointed structure of
insects, as do the other internal systems of organs. Of the
muscles belonging to a single ring, some stretch from the front
edge of one segment to the front edge of the next, and others

of the Scorpion, whose mode of development appears to be precisely similar to
that of a telson. In the same category we must rank the labrum in front of the
mouth, whieh in the Crustacea (at least) appears to bo developed from the sternum
of the antennary, or third somite, the metastoma (or so called labium, or lingua)
of Crustacea, and the lingua of Insecta, behind the oral aperture.

‘“Ilowever much these appendages may occasionally simulate, or play the part
of appendages, it is important to remember, that, morphologically, they are of a
very different nature, and that the confusing them with truc appendages must
tend completely to obscure the beautiful relations which obtain among the dif-
ferent classes of the Articulata.”—l]:wley, Linnzan Transactions, vol. xxii.
London.
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to the hinder edge; there are also sets of dorsal and ventral
muscles going in an oblique or vertical course. The muscles
are either colorless and transparent, or yellowish white ; and
of a soft, almost gelatinous consistence. In form they are
simply flat and thin, straight, band-like, or pyramidal, barrel.
or feather-shaped. They act variously as rotators, elevators,
depressors, retractors, protrusors, jflexors, and extensors.

The muscular power of insects is enormous. The Flea will
leap two hundred times its own height. Certain beetles can
support enormous weights. Newport cites the case of Geo-
trupes stercorarius which is ‘“able to sustain and escape from
beneath a pressure of from twenty to thirty ounces, a prodi-
gious weight when it is remembered that the inscct itself does
not weigh even so many grains.” Some beetles have been
known to gnaw through lead-pipes, and the Stag-beetle of
Europe, Lucanus cervus, has, as stated by Mr. Stephens,
gnawed ¢“a hole an inch inr diameter through the side of an
iron canister in which it was confined.”

“The motions of the insect in walking as in flying are
dependent, in the perfect individual, entirely upon the thoracic
segments, but in the larva chiefly upon the abdominal. Al-
though the number of legs.in the former is always six, and in
the latter sometimes so many as twenty-two, progression is
simple and easy. Miller states (Elements of Physiology, p.
970, Translation) that on watching insects that move slowly
he has distinctly perceived that three legs are always moved at
one time, being advanced and put to the ground while the
other three propel the body forwards. In perfect insects, those
moved simultaneously are the fore and hind feet on one side;
and the intermediate foot on the opposite ; and afterwards the
fore and hind feet on that side, and the middle one on the
other, so that, he remarks, in two steps the whole of the legs
are in motion. A similar uniformity of motion takes place
in the larva, although the whole anterior part of the body is
elevated and carried forwards at regular distances, the steps of
the insect being almost entirely performed by the ¢false,” or
abdominal legs.” :

“In jflight the motions depend upon the meso- and meta-
thoracic segments conjointly, o entirely upon the former. The
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sternal, episternal, and epimeral pieces, freely articulated
together, correspond in function with the sternum, the ribs,
and the clavicles of birds.* The thorax is expanded and con-
tracted at each motion of the
wings, as in birds and other ani-
mals, and becomes fixed at each
increased effort as a fulerum or
point of resistance upon which
the great muscles of the wings
are to act, thus identifying this
part of the body in function as
in structure with that of other ani-
mals.” (Newport.)

Tue Nervous System. Inits
simplest form the nervous system
consists of two longitudinal cords,
each with a swelling (nerve-knot,
or ganglion,) corresponding to
each segment (Fig. 43). This
cord lies on the ventral side of the
body, but in the head it passes
upwards, sending a filament from
each side to surround the cesoph-
agus.t As in the Vertebrates,
the nervous cord of insects is
composed of two distinet columns Fig. 43.
of fibres placed one upon the other. ¢ The under or external
column, which is nearest to the exterior of the body, is that in
which the ganglia, or