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ORDER X. COLEOPTERA.

THE reasons for giving the order Coleoptera 15
position in the classification, as shown in Diagrams
I-III., are stated on pp. 165-16g. The group of
Coleoptera genuina shows the relationship of the
order to the Thysanuran insects more plainly than the
IMore Sped i:li..r'.'.'li. B |"."1;|:' ‘:ii- '.\'L";_'\.'i]h.

The Coleoptera are so abundant throughout the
United States that teachers will find but hittle difh-
culty in obtaining specimens. We have chosen as a
type the common May-beetle, Lacknosterna fusea,
Frohl (Pl VI., Figs. 84, 8s, enlarged, p. 145), usually

called the May-bug, June-bug or Dorbug, though there
are others equally good. Ewven the potato-beetle (Fig.
g1, p. 150) can be used when larger species are not
at hand. In the last of May or first of June scholars
should be encouraged to collect ‘-i.;'lc_'|'i|'|t|_‘]'."-§ of May-

beetles. The insects are attracted by lights in the

ant
H | |:I.I.’£','11: |'|'.||'|1.|:'|.'|' iEAY "\-Ii"!'.l{'[i'.l]l,_"i 15I__' l:'ll:l[_i_i_l]l_'l:l L][]t]l'r
electric lights, and in this way a class can be pro-

evening, and n seasons when they are very abune

1|-]1|.{'||. 1|||'|1|'| ::]'Il'\' |':||'|;'|.'.:‘-51;'||'ll" ;l];lll.'l'i:l,l, IIII"ll.‘_' mature 1'I|_]E]LL'
are often found by spading and by following the plough
in the spring of the year.

The insect 1s dark brown in color, with many little
pits or depressions on its back. The head (Fl. VL,
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COLEQPTERA, 147

chitinous sterna move but slightly. On the sides of

the abdomen the spiracles are distinctly seen,

The jointed antennz (Pl VI., Fig. 86, a¢) are ter-
minated by three leaf-like plates, and this peculiar form
has riven the name of Lamellicorns to all the beetles
belonging to the family Scarabmide. These appen-

dages assume many remarkable and unique forms

among beetles, as will be seen by reference to any

illustrated work on t'.:'l.-.:|m-r:1. The mouth parts are

formed according to the Orthopterous type, consisting
of a pair of mandibles (Fig. 86, md), and two pairs
of maxille (Fig. 86, mx', mx'). They are strong
organs, although much smaller than thosg of the

locust. The three pairs of legs (Fig. 86, 7, /', ') are

stout, and so well fitted for 1’|',|1:|ii|5_'_ that the beetle
takes the same position among runners that the locust
holds among leapers, or the dragon-fly among fliers.
efs of the last EJiliI' are '|I|..']IZ'!'I!, far back on

the thorax, and at some distance from each other.

The twa

Scholars should be encouraged to find out how these
insects use their legs in running. A figure by Graber®
shows one in the act; the fore and hind legs on one
side of the |?l>lij-.'. and the middle |-.‘.:_{ on t
put out first, and afterward the other three legs, so

that the two sets act alternately,

1 other, are

The hard wing-covers, or elytra (Pl. VI., Fig. 86,
' ; Figs. 84, 85, '), stiffened by chitine, bend down-
ward at the sides and back so as to enclose the true
wings (Fig. 86, 2"). This peculiar structure is used
to distinguish the order, Coleoptera (xehéos, sheath :

1 Die fuseliten, Part 1., p. 161; copied by Packard, Marnal
of sediazy, hith ed., 1886, n. 327.
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i5 taken from its habitat and placed on some earth in
a pan it still keeps this position.

The mandibles and maxillze are fitted for biting, and
the three ]l'!:::.a of I.L'_;_'L.'- are short and stout. The larva
lives in the soil for two or three years, feeding upon
the roots of grass, strawberry vines, corn, grain, ete.

ig. 88), sometimes doing great injury to these

{ 5ee
plants. It then makes an oval cavity in the earth, by
moving from side to side, and lines it with a secretion
from the body. This answers for a cocoon (Fl. V1.,
Fig. 8g) in which the pupa (Ig. 89 ; Fig. go, pupa
taken out

f the cocoon) remains quiescent. In this

condition the legs are free, and the antennz and wing-
pads are distinctly seen. The insect in this period
of repose becomes fitted for the very different life of
a winged animal. Its body shortens, the thoracic rings
become differentiated from the abdominal, and the
antennz, mouth parts, legs, and wings assume their

adult ]]rl}]]:lrtilrnrs. In Mav the i;n;lg_(n appears, ancl
at once begins to feed upon the leaves of trees and
shrubs, particularly of the cherry.

CHRYSOMELID.E,

The Colorado potato-beetle, Doryphora decem-
aneale (Mg g1, &, &), 15 stmilar in structure to the
May-beetle, Within twenty-five years this insect has
spread over an area of 1,500,000 square miles. Spec-
imens can be obtained in great numbers from the
potato-vine. Fig. g1, f; is the leg of the beetle ; and
Fig. g1, ¢, the wing-cover. The latter has alternating
stripes of brown and yellow, while the true wings be-

L

I
It
i







pui

OLEOPTERA. 15

vated species, and followed the crop easterly. It is
interesting to note that a very closely alhed beetle,
Dorvphora functa, refuses to feed upon the cultivated
|:|:'|.-'||.':.'.

SCARABREIDLE,

This 1';||]1i|j.' includes besides the May-beetle, which
we have used as a type, the goldsmith beetle, Cosaipa
fanigera, Linn., the familiar “rose-bug,” Hacredactyvivs
SHOSPINOSIES, Fabr., and the Scarabens, sacred to the
ancient Egyptians. Some of the largest beetles be
long here, as the Dhyaastes Rercules from South Amer-

ica. The male of this species measures about six

inches in length, and it has an immense horn extend
ing forward from the prothorax, and another from the
head. so that it has a r-:_':ﬂ'ly.' formidable aspect. '."A.l:n'._x

of the males of the Limellicorns have stag-like horns,
which are greatly reduced in size in the female.
Darwin' has given fgures of several genera showing
the difference in the size of these organs in the two
SEXES.

LAMPYRID

Fi'tf. 02, d, 15 one of our common firée-flies, Phoferes
Pennsyfoanica : Fig. gz, 4, the larva of another species
of Photuris. The luminous organs are situated in the
abdomen. According to Westwood, the e L larva,
and pupa are all luminous, though the light is brightest
in the mature insect. There are various views in
regard to the cause of phosphorescence, but it seems
probable that the light-giving organs have the power

1 }r:’:'.-' Jf.-;'.-'u.- ci .g:'_.". ,:.-":.r,r,l_ 1l.-n,'ulI |_I l!'n_ _55?';
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form and some of the parts of the body of the in- |
sect remain fixed, retaining more or less of the con il
dition and aspect which characterized the caterpillar-

like larva.
DERMESTIDVE.

The Buffalo-beetle or * carpet-beetle,” Andlrenus

serophularie (Fig. g3, &), appeared i New England

Fig- g3.

in 1872. The beetle 1s about one-twelith of an inch
long, and 15 black with white and brick-red 1!1:1:1-:,511;_;5.
The distinct thoracic and abdominal rings of the larva
(Fig. g3, a) are supplied with tufts of hair, and from
the posterior part of the abdomen there extends back-
ward a long brush of delicate hairs. This hairy appear
ance, together with the fact that the insect was first 1
found injuring carpets i Buffalo, N. Y., suggested the '
name of Buffalo-beetle. ‘The short legs are beneath,
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or imago. Care, however, must be taken n using
this liquid, as it is explosive when mixed with air,
while being evaporated, and also poisonous. It 1s,
however, extensively used, and with proper precau
tions it can be employed more effectively than any-

thing else, especially in large collections.

COCLINELLELAE,

The *lady-birds,” or *lady-bugs™ (Fig. g4), are

cormmon, and are Fredat tavorites with VLT

children. Their small round bodies with a0
little, short legs, their brilliant spots and |
pretiy patterns, make them attractive insects

in spite of the disagreeable odor 1.‘."|.'.il.'|1 they Fik o
sometimes give out as o means of protec-

tion. ']'Iu':-.-' pass |l1rx:|1|.~__{]'. an indicect |1u'1.'i:|1-:1'||!|c:|:-.i.1'
like other beetles. The larva is provided with three
pairs of legs, and when ready to transform, fastens
itself by its abdomen to a branch, leaf, or some other
ll]J_il'-!'E-

Gy RENTLLAE,

If these water-beetles are kept in the schoolroom,
their rapid circular movements on the surface of the
water, which have given them the name of whirligigs,
their motionless resting-periods, and their power of

diving to escape from danger, can all be observed.
When seen from above I|'||'_l.' do not appear at tImes
to have locomotive organs, yet, when looked at from
below, the legs are broad and paddle-like. These
msects can look downward into the water and upward

=

|
i
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Fig. g6, is a common form. This beetle, like most of
the Carabidee, is carnivorous, although not exclusively
5o, as it has been seen eatng the = o
seeds and pollen of plants. The
legs are long, and the insect is a
good runner.

The Ll'i':'i!'llli'“thl.‘.i.l:':E._"-.'F']-'R‘I-.'llt"-"!,
resemble the Carabidae, though the
family is not so large. They are
found in sandy places. The man-
dibles are strong and armed with
teeth, unlike those of the ground-

beetles. These nsects are faster

Fig. ¢

runners and swifter fliers than most other beetles.

PARASITIC COLEOFTERA.

The two following families of Coleoptera show the
effects of specialization by reduction, resulting from
the parasitic habits of the larva or adult.

MELOID.E.

The Meloide are often deseribed’ as “oil" or
# blister " beetles, owing to the cantharidine contained
in their bodies, which formerly was largely used in the
preparation of blister plasters., The life-history of
these beetles is instructive, as many of their larvee are
parasitic and undergo important structural changes.
Pl VIL., Figs. 97=113, p. 158, illustrating the life-his-
tory of Epicauta, are taken from the Firssr Annual
Kepor? of the U, S, Entomological Commission, 18%7.
The beetle, Epicanta vittata, Fabr, (PLVIL, Fig. 113),
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TRICHOPTERA. 181

quiescent. It then resembles the pupe of moths, and
while in this state very great changes take place ; as
has been already mentioned, the meouth parts become
reduced in size, the antennze and wings develop, and
the respiratory organs disappear.

Two instructive species of caddis-flies have been
found in streams near Boston.! One of these makes
apparently a tunnel (Fig. 128, enlarged) and attaches it
to & stone. The insect, however, economizes material
by allowing the stone to serve as the lower part of the
tunnel. Close to the opening which is towards the
current the larva erects a vertical framework and
across it stretches a net (see Fig. 128).- The food

Fip. 128

brought down by the current is canght in the meshes
of the net, and the insect, without wholly leaving the
protection of its house, is able to enjoy the meal its
ingenuity has secured. Fig. 129 is the case of the
pupa. The other species, belonging to the genus
Plectrocnemia, makes its case of mud. It consists of
one or more lateral chambers (Fig. 130), with a tall

I Sep o Description of Two Interesting Houses made by Na.
tive Caddis-fiy Larva,” Cora H. Clarke, Proe. Sord, Sve. Nad,
s, Vol XXI11, 1582-83.
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136 LEPIDOPTERA.

comprehends natural processes better when taught by
natural methods,

The monarch or milk-weed butterfly, Danadis 4
chigpus, Fabr, (Pl IX., Fig. 134, &, - 186), is abun-
dant during July and August wherever the milk-weed
grows, and is often seen flying among our cultivated
flowers. If for any reason specimens of this genus can-
not be obtained, the white cabbage butterfly, Fesis
rapae, Linn, (Figs. 168, 169, p. 215), can be easily
caught in our gardens. The specimens can be chloro-
formed, and the wings spread on simple wooden set-
ting-boards. These the children who have taken les-
soms in carpentry will like to make for themselves. It
is often convenient for teachers to preserve the butter-
fliez in envelopes immediately after they are killed.
As the dried specimens are extremely brittle, it is
better to soften them before handling. Forty-eight
hours before the lesson is to be given cover the
bottom of a dish with wet sand, and over this place
tissue paper, then lay the butterflies upon the paper,
and cover the dish. The body, wings, and legs will
become pliable, and the observational work can be
done much more satisfactorily.

The obvions characteristic of the butterfly's b-odj.f
is its coating of hairs and scales, After this has
been observed, it must be scraped away in order to
expose the chitinous parts beneath. The three re-
gions are then distinctly seen.  'The broad, short head
(Pl IX., Fig. 135, A ; Fig. 136) is freely movable, and
the compound cyes (Fig, 136, ¢¢) stand out promi-
nently on either side. The prothorax (BL IX., Fig.
135, #') is reduced to a little, narrow ring,-which ap-

iy




PLATE










158 LEPIROPTERA,

without long, posterior veins, then we should expect
that this form would have its thoracic rings more
closely consolidated.  Just such a condition of things
is found to exist in the hawk-moth (see p. 208), where
the more rapid fight is correlated with greater con-
solidation of the thorax, so that the general law ob-
served in other insects holds good.!

Fl. IX., Fig. 137, is a view of the thorax of Danais
Archigpus taken from Edward Burgess's paper on
“Contributions to the Anatomy of the Milk-weed
Butterfly.”* The prothorax (#') has its scutum (#)
and scatellum (&'), episternum (4'), and prothoracic
spiracle (s"). The mesothorax (&") and metathorax
(&) are each composed of a scutum (#% #%) and scu-
tellum (&%, #"), of episterna (4%, 4*) and epimera
(4s*, As*).  The point of insertion of the wings is
marked by @', " ; ¢ is the shoulder lappet, and ax
the coxa of each leg. The abdomen (PL IX. Fig.
135, ) is long and slender. It is composed of eight
similar rings which are covered with tiny scales. The
scent organ of the male is probably situated near the
posterior end.

The compound eyes (Pl IX., Figs. 136, 140, v;
Fig. 140, ¢)', cornea of eye) have many facets. The
number of these facets varies greatly in the different
genera, ranging, according to Mr. Scudder, from about
fiteen hundred to four thousand im a square milli-
metre,  The ocelli are wanting. The antennz (Pl IX.,
Fig. 135, a¢; Fig. 134) are thread-like, and knobbed

1 See also p. 16 for other remarks on the effects of weof the

legs and wings; also . 30.
2 danir, Memorrs Fost, Soe. Naf, Hisf,, 1880,
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the left side; s’ is the sucking-tube ; gk, floor of
pharyngeal sac; g, pharyngeal valve; s, salivary
duct ; e¢, wsophagus ; 5, 45, frontal and dorsal mus-
cles, which hold the sac in position. Fig. 140 shows
the sac hung by the five muscles, — dorsal {a), frontal
[ /%), and lateral (/) ; o¢ is the cesophagus, which ex-
tends backward. When the mmscles just mentioned
contract, the pharyngeal sac enlarges: this causes a
vacunm, which is at once filled by the nectar that
flows upward through the sucking-tube ; the muscular
sac then contracts, and the liquid food is forced back-
ward into the wsophagus, the pharyngeal valve pre-
venting it from passing downward into the trunk. The
second pair of maxille are reduced in size, but the
palpi (PL IX, Fig. 135, 2'") are large and hairy. The
muscle which moves one of these palpi is seen in
Pl. IX.; Fig. 140, 2", & g

The legs are very small and weak, being used for
supporting the insect, and not much for locomotion.
The species Papriio { Ageronia) fevonia is an exception
to this rule, since, aceording to Darwin, it uses its legs
for running, notwithstanding it is a high flier. The
first pair (Pl IX., Fig. 135, /), bome on the weik
prothorax, is useless even for supporting the butterfly.
The section nearest the body is thickly covered with
hairs, for which reason this insect is placed among
the brush-footed butterflies, or Nymphalidas (p, 219).
Both pairs of wings are well developed, though the first
pair is the larger. The distinguishing characteristic
of these organs is the thick coating of scales or modi-
fied hairs which has given the name of Lepidoptera,

(Aemis, scale; wrepow, wing), signifying scaly wings,

e e







192 LEPIDOPTERA,

When more observations are made, it may be proved
that their migratory movements are periodic, and as
regular as the annual migratiens of birds. Besides
the legs and wings there is the pair of small, hairy
shoulder lappets (Pl. 1X., Fig. 135, {), already re-
ferred (o, attached to the mesothorax, which protect
the hinge of the wing from injury.

The metamorpliosis of butterflies is indirect. The
ege (PLIX., Fig. 142, much enlarged) of Dawars
Arelipprs 13 dome-shaped, and with its delicate mark-
ings 15 a little gem in itself: it is attached to the under
side of a leal. The eggs are laid from the lime the
insect appears in June until as late as July and August ;
in four or five days they hatch, and the larve, or
caterpillars, are so voracions they begin at once to
devour their egg-shells, and afterward the leaves upon
which the eggs are placed. In two or three weeks
the caterpillar (Pl IX., Fig. 143) has attained its full
size. It has a plump, cylindrical body consisting of
a head and thirteen similar rings, and is marked by
well-defined bands of a brown color. The rings are
fleshy and, therefore, more easily creased than if they
were chitinous : these creases make the apparent num-
ber of rings greater than the real number. There are
no compound eyes, but a number of ocelli (Fl. IX,,
Fig. 144, o¢') on the sides of the head. The appen-
dages of the small but distinct and chitinous head are
somewhat difficult to make out. The antennm (Fig.
144, af) are short. The strong mandibles (m) are
useful, and are, therefore, movable, unlike those of
the mature insect. The first pair of maxille (mx')
has two pairs of palpi, while the second pair (ma")
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tion, with the head CUTVING 1.|]}w:1r;]3 1ts skin ﬁpiim,
Gradually this larval skin shrinks, and works its way 4
upward towards the silken attachment (see Tl IX.,
Fig. 146). 'The chrysalis is kept meantime from fall-
ing to the ground by elastic ligaments at the end of
its body, by which it is fastened to the larval skin. In
time, the long, homy piece at the extremity of the
chrysalis, called the cremaster, which is the homo-
|l:rgll-:3 of the anal ]:I:lic of the larva, is withdrawn, as
seen in Fl. IX., Fig. t47, which, though slightly in-
accurate, illustrates the process. Before the larval skin
has become disconnected with the chrysalis, the latter
has taken hold of the mass of silk by the hooks of
its cremaster and hangs securely.!

The chrysalis finally assumes the form shown in PL
[X., Fig. 148, It i5 one of our most beautiful chrysalids,
of a pale green color marked with characteristic golden
spots, which do not lose their color in aleohol. - Within
the chrysalis case the insect remains motionless, and
the changes which transform the caterpillar into the
butterfly take place in from nine to fifteen days. As
it is quiet, organs of locomotion are not needed, and
these are encased in sheaths and fastened tightly to
the body. At the end of this time the chrysalis ex-
hibits great muscular strength, -and in twenty-four or
forty-eight hours succeeds in splitting its case, and
the imprisoned butterfly is liberated. At first its body
and legs are weak, and the soft, moist wings are folded.
In this condition the insect will stand or seemingly sit

1 For fligures and detailed description, see American Enfo.
malarist, 2d series, Yol 1, p. 162, 1880
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HETEROQCERA (MOTHS).
e

THE moths are the most generalized forms of the
Lepidoptera.  The American silkworm, Tela Foly-
phemus (Fig. 149, &, p. 197), may be taken as a type.
Sometimes the clothes-moth, Tinea (Fig. 153, 4, p. 201),
can be more easily obtained. The body of Telea is
large, stout, and hairy. When these hairs are scraped
away, the three rngs of the thorax are seen to be
separated by well-marked sutures. In Tinea, Fig. 153,
the mesothorax and metathorax are distinctly seen, and
are simpler than in Telea. In the moths, the connee-
tion between the thorax and abdomen is broader, as a
rule, than in butterflies.

The antenne of Telea (see Fig. 149) are feather-
like — one characteristic form among moths.  Those
of the male are much broader, larger, and more
beautiful than those of the female. ‘The mouth parts
are extremely small and weak, and the insect laps
up its food, such an eating-apparatus indicating that
the moth is not long-lived. The fore-legs are devel-
oped, and like the second and third pairs are useful
for supporting the insect. The wings are very large,
and when at rest are held in a drooping instead of an
erect position. These moths fly chiefly at night.

The eggs are usually laid on the lower side of oak
leaves. While it is true that most butterflies and
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moths select the leaves that their young, the cater-
pillars, love best, yet, according to L Trouvelot, {
Telea Polyplemus sometimes lays its eggs on plants
which the larvae do not eat ; and when, as cceasionally
happens, there are no other plants for a considerable
distance, the caterpillars die, being unable to adapt
themselves to their new diet.* The caterpillar (Fig.
150) is one of our largest, and is bright green in color.

o,

Fig: 150,

1 dmeerican Natwralist, Vol. T, pp. 30, 85, 145.

? See alio Poulton, " Noles in 1886 upon lepidoptercus
larve”  Fraws. Snt Sor. Lond, 1887, p. 281, The writer
maintains that the young lepidopterous larva, on hatching, is in

» o far less specialized condition, as regards its food plants, than
that which it will subsequently reacl, and this condilion 15 sup-
ported by the fact that young lnrve will nibble leaves of plants
upon which the specics has never heen found, and may some-
times grow for o considerable fime upon such food. The ob-

servation that the newly:hatched larva i free fo form new
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are kept in cold, dark places, the development is
rétarded, and when kept in a warm schoolroom, it is
guickened, so that the
pupae will often trans-
form as early as the see-
ond week in April. When
the pupa is ready to
come out of the cocoon,
it secretes a liquid con-
taining bombyeic acid,
which dissolves the gum

uniting the silken threads: it then escapes without

breaking a fibre. On the right of Fig. 151 is the open-
ing where the moth came out, and on the edges the
gilken fibres are distinctly seen. The silk is valued
highly for its strength and glossy lustre. After the
moth is free, let the pupils examine the empty co-
coon. It is moist inside, and the cast-off pupa-skin
is found within, attached to the end opposite the
opening.
TINETID AL,

‘The clothes-moth, Timea pelfioncliz, Linn. (Fig.
153, 1) is a small buff-colored insect which is some-
times seen flying about our rooms in April and May,
but seldom in the vicinity of bright lights. When the
wings are spread, these moths do not measure more
than half an inch in breadth, and are, therefore, much
smaller than the “ millers * that Ay around lights, and
are erronecusly supposed, by some, to eat woollen
garments. The head of Tinea looks like a small

cushion of hairs; the eyes are small, but the antennz

el o
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used ; ¢, the pupa! This family is of especial in-
terest because it contains a few genera (Antispila,
Heliozela, Nepticula) whose larve have very minute
thoracic and noe abdominal legs. The habit of mining
leaves and living within the burrows has probably
brought about these changes in structure.  The larva
of Phyllocnistis has not only lost the abdominal and
thoracic legs, but, according to Clemens, to a great
degree the power of motion, and, as stated by that
author,” it makes “little or no voluntary movement
when removed from the mine, and does not retreat
in its mine when touched." Other allied genera have
also been described by the same author as having
similar habits and being similarly modified.*-

In the Catalogue of Tineina by Chambers,' Clemens
is also cited as mentioning the resemblance of the
larva of one species of Nepticula to the larva of a
Dipteron. Drawings of this genus and of Amtispila
are given in the Nat Hisd. of dhe Tinefna, Stainton,
Vaols. 1., XL

Among butterflies no absolutely footless larvae have
been found. The caterpillars of Thecla, which glide
rather than walk, approximate to this condition in so
far as they possess only the three pairs of jointed

1 For further information, see “Insect Life,” Budf, [7 & Dept
A, Vol. 11, Nos. 7, 8, 1800,

2 Prac. P Acad. Se., 1850, p. 327.

8 See Tincina of Novith America, Clemens, pp. 25, 260 Also
compan: the (El:ll:.ﬂi:lhﬂll, of the larea of I.I'I.I‘H:IDO“E.I!- (l-.'h ﬁj}
with that of Leucanthiza (p. 83), Tischeria {p. 80), and finally
Aspidizea {p. 26}, and Phylloenistis (p. 83).

i Bull. U. 5. Geol, and Geap. Swrvey, Vol. 1V, No. 1, [3;5.
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and elm. These eggs hatch about the same time as
those of the spring canker-worm moth.! The larva
(Fig. 155, f ; ¢, an enlarged ring of larva, side view ;
o, dorsal view showing markings) has six thoracic
legs, but only three pairs of abdominal prop-legs ; and
the spring canker-worm (Fig. 155, @) has only two
pairs of prop-legs.  The larvae (Fig. 155, F) are called

“loopers,” “ measuring-worms,” and * geometricians,”
as they loop the body when walking, This is done
by taking firm hold of an ob-
ject with the prop-legs, then
extending the body and grasp-
ing another object with the
thoracic legs, after which the
bedy is drawn upward and for-
ward in the form of a loop.
The larva also extends its body
as seen in the drawing and
holds it in this position a long time. In so doing, it
resembles a twig, and as these larvie are eaten by

Y Soe Third Rep. U 5. Ent. Cont, Chap: VIL
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more seasons of drought, which are favorable for their
increase. ‘They then begin to multiply, large numbers
hibernate, and . the
following spring mul-
titudes of moths ap-
pear, lay their thou-
sands of eggs, from
which the caterpil-
lars are hatched. As
S0o00 as |!:Il; ':i'l'l['r(:ll_'lﬂl,'l_-

Fig. 8. ing vegetation is
eaten by these caterpillars, they are obliged to starve
or go clsewhere, and this explains their sudden appears
ance in vast numbers in new regions. They devour
grass and grain. In 1770 they spread over New

England. “They went up the sides of the houses
and over them in such compact columns that nothing
of the boards and shingles could be seen. Pumpkin
vines, peas, potatoes, and flax escaped their ravages.
But wheat and corn disappeared before them as by
magic. Fields of corn in the Haverhill and New-
bury meadows, so thick that a man could hardly be
sten a rod distant, were in ten days entirely defo-

o e
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It is nearly black when young. In about a month
it changes to a pupa, spinning its remarkable white
cocoon of silk. The pupa stage covers about -three
weeks, The effects of domestication can be clearly
seen in this species of moth ; for although the individ-
uals still possess wings they do not use them. The
common Cecropia moth, Fafsamia Cecropia, also
belongs in the group of silk-makers. Cocoons of this
moth can be obtained in the autumn, and if hung in
a cool place, the scholars can watch the transforma-
tion the following March, April, or May. The beauti-
ful green Luna moth, Adoffas Luna, and the common
Abtacus Lromethea are included in this family.

SPHIMNGIDAE,

These “hawk "™ or * humming-bird " moths always
interest the young. They are stout, strong insects, with
large, hairy bodies (see Fig. 161, Macrosile guingie-
macrelpde, Haw ). The rings of the thorax, as already
stated (see p. 188), are not so loosely connected as
in the slower flying butterflics and moths,

The sucking-tube is extended to great length, that
it may reach the sweet fluids at the base of the deep
corollas of flowers. The legs are strongly spiked, and
well fitted to support the weighty body. By means
of the neat and most ingenious contrivance found in
many moths, the fore and hind wing on each side are
fastened together, so that the power of flizht is greatly
increased. When the two wings are separated, the
little horny hook at the base of the hind-wing, and

RLSEE

pat ol ol




LEPIDOARPTERA,




210 LEPIDOP TR A,

the manner in which it catches hold of the fore-wing,
as they are both expanded, can be obeerved. These
moths fly in the twilight and during the day. Chil-
dren L:'.'i:a::l in the southern states can often 'see the
common ruby-throated humming-bird and this moth
in the twilight, both sapporting themselves upon their g
rapidly vibrating wings, while their long sucking-tubes
{in one a hird’s beak ancd in the other the unrolled
tube of a moth) are thrust into the depths of flowers
on the smne stem.  They are not 2o abundant in the
middle and northern States, but may nevertheless be
observed when in motion, and when it is so dark that
the differences in coloration are not clearly distinguish-
able. The resemblance of the math te the hamming-
bird can then be seen to consist in its quick, darting
flight, and its habit of sucking the nectar of flowers
while supporting itself in the air.

The larva known as the * potato-worm " (Fig. 161, a)

T
e el

. Fig. |G|:. a-

is found on both the potato and tomato plant. It also
feeds upon the tobaceo plant in the northern States.
Near the end of its body there is a single “hom™ or
projecting spike.

The caterpillar has the habit of raising the forward
part of the body, and remaining motionless in this
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RHOPALOCERA (BUTTERFLIES).

THE classification of Dbutterflies which we have
adopted is illustrated by a genealogical tree in Mr.
Scudder's smaller work on Butterflier (see p.246). Ac-
cording to this classification the group is divided into
four families and many ﬁul:--fumilgs. Most entomolo-
gists agree in regard to the position of the Hesperidz,
as these insects have many characters in common
with moths. The chief difference of opinion is in
the position accorded the Papilionide and Nymphali-
dz, many naturalists placing the former at the head
of the Lepidoptera, The Papilionidse, however, have
many features resembling those of the Hesperide, as
pointed out by Scudder, and in the partial atrophy
of the fore-legs and the mode of transformation, the
Nymphalide are farthest removed from the moths,
and therefore the most specialized of butterflies.

e e

HESPERTIAL

These butterflies resemble moths by having stout
hodies and the three pairs of legs developed as organs
of support. The antenna instead of being distinctly
club-shaped as in most butterflies are hooked at their
ends. Owing to their short, jerking motions, these
insects are known as skippers. When at rest, many
353
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moths. This eocoon, however, poorly represents the
strong, safe cocoons of many moths; and as if to
make up for its deficiencies, the chrysalis fastens itself

v i
T

Fig. 16g Fig. 166,

to the inner wall by two silken threads, as seen in

Fig. 166. Fig. 167, enlarged, represents the last ring

of the body with the cremaster. Fig. 167, a, is one
hook of the cremaster.

‘The skippers are well representead
in America, and have received
many popular names, such ag
“ dusky wings,” “sooty skippers,”

Fig. 167.  ». & clouded skippers,” etc. They are
generally small and of dull colors.

PAPTLIONIDAL

The cabbage butterfly, Fieris rape, Linn. (Fig.
168, 2 Fig. 169, & ), belongs to this family ; also the
commen sulphur-vellow butterfly, Cofias  phifedice,
and the large, beauntiful swallow-tails (Papilio). The
Papilionid=, like the skippers, have the first. pair of
legs well-developed, but with few exceptions they do
not transform within cocoons, The silken attachments
are spun, however, and the chrysalis hangs from some

=
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for its growth and increase, it extended its habitat ill,
in 1883, it had reached the Rocky Mountains, and by
this time it probably holds possession of the whole
United States.!

The family Papilionide includes
the species Hucherra socialis, found
in Mexico. These butterflies live
together in large numbers in a parch-

Fig. 171,

ment-like nest reminding one of the
social Hymenoptera.

Another species of the same
family, Papilie afax, illustrates in'a
most remarkable manner the effects of temperature
upon structure. This species is distributed widely from
Southern Cunada all through the Southern Atlantic
States to Florida, and the Gulf States westward in
Miszouri.

There are three distinct varieties of the species,
comprising in each variety both males and females,
originally described under the names of Walshii, Tela-
monides, and Marcellus. Walshii and Telamonides are
not found in the extreme northern range of the species,
where Marcellus alone survives.

Starting in the springtime in West Virginia, we find

1 See Sendder, * The Introduction amd Spread of Preris rape
in North Amerien,” 1860-1885, Mem. Sose Soe. Nat Fist,,
Yol, IV,, Mo, 3, 1887.
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Telamenides, and Marcellas, but from these only two
forms are reproduced in succession, Walshii before
the 15th of April, and Telamonides between the 15th
of April and the 1st of June, and Marcellus iz born
from these alone by the new eggs they produce after
this date.

According to Weismann, this polymorphism is due
to the direct influence of the physical surroundings
acting upon the chrysalis through certain fixed periods
of time.

LYCANIDAE.

The Lycenide, or gossamer-winged butterflies, in-
chude small but beautiful insects known under the
popular names of the “blues,” * coppers,” and * hair-
streaks.”  Our Amerncan copper, Heodes ff}ﬂuﬁfrﬁrﬂ;,
Boisd. (Fig. 172, natural 3

size’), i5 an example of i

this family. "The fore-legs Z g
of the female are like

the other two pairs, but

those of the male have
undergone changes ren-
dering them less useful

for supporting the insect. The caterpillar when first
hatched has long hairs, but when older (Fig. 173, nat-

PRy vhes #.:‘
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of Danais prevents it from being attacked by birds,
tree-toads, lizards, dragon-flies, and the like. Now,
Basilarchia has no disagreeable odor, and therefore
it is in great danger of being devoured. It has, how-
ever, mimicked the colors of Danais so perfectly that
it might be easily mistaken for it by insectivorous
animals.

In the Nymphalidee, generally speaking, the two
fore-legs areé useless as organs of support, and the
chr}rﬁ;ﬂir’. 15 not attached i'h_l,' the [Jlitlt“l,'!:l but hsmgs b],.'
the tail. These are known as the Suspensi, in distine-
tion to the Succincti. The straight ventral surface of
the abdomen of the chrysalis of the Suspensi (more
plainly seen in Fig. 175" than in Fig. 148) is explained
theoretically by supposing that the Sus-
pensi have passed through the stage rep-
resented by the Succincti, In the latter
this straight ventral surface would have
been produced necessarily when the larve
fastened themselves to hard, Aat surfaces
with the back downward. :

Teachers who take up this order will
_ soon become familiar with many species

Fig. i7s. ©of moths and butterflies that have not

been mentioned here, but these are fully
desenibed in the numerous works on Lepidoptera.®

Sufficient has been said to show that much can be
done with this order in the schoolroom. The acen-

! Polygonia interrogationis. 3
8 See The Burterflies of North America, W. 11, Edwards,
I.-I11., 1868-1800, which gives the life-history of many species
with full and excellent illustrations,
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in his Buflerflics of the Eastern United Siates and
Canada, with Special Reference to New England, de-
scribes the curious, transparent, r:Ti!Hi'.!,'!]]lvsl'ﬁt]',uji:l hands
at the base of the antennwe in the chrysalis, which
have facets like the outer covering of the faceted eyes
of the adults, but have no corresponding internal
structures,  This eminent entomaologist ]mims out
that such structures indicate the former presence in
the pupa of faceted eyes of which these cuticular
organs are the surviving remnants.  This would leacd
to the supposition that the pupal stage in the ances.
tors of these existing forms must have led an active
existence, and that one of the results of the incoming
of the quiescent pupal habit made their eyes useless,
and they were lost except in so far as the crescent-
shaped bands are concerned.  Tlie archaic butterflies,
therefore, probably had direct metamorphosis like the
first series of orders.

A §
L
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with the thorax by the abdominal ring (%), which is
in the form of a slender peduncle, The basal portion
is hollowed out so that the convex, posterior part of
the thorax can fit into it. Now it will at once be seen
that this peculiar connection enables the insect to
raise its abdomen and bring it downwand and for-
ward with considerable force. The abdomen also pos-
sesses great pliability as well as the power of driving
the blow of a thrusting instrument, like a sting. The
development of the sting, and the necessity for its
effectual action, probably explains the small, wasp-like
waists of many Hymenopterous insects.

The compound eyes (I, x77, e0; Fig. 176) are
hairy, and in the workers, widely separated;: the
three ocelli (Fig. 177, e2') are prominent. Accord-
ing to Lubbock's observations bees possess a keen
sense of vision, being often much affected by light, as
shown by a bee following a lighted lamp down. cellar,
% fying round and round like a moth.,” ‘Their power
of distinguishing colors is apparently excellent, and
this capaeity, together with the bee's acute sense of
smell, has probably exerted a determining influence
upon the color and iragrance of flowers. Tt is well
known that insects carry pollen on their bodies from
one flower to another, and in this way effect the plant’s
healthy fertilization. That there should be this mutual
dependence existing between plant and insect, notably
between plant and bee, is a matter of very great inter-
est, and no one can read the observations of Henslow,!

Y Owipine of Fioral Stewcfnres, International Scientific Series,
Appleton & Co., New York, 1888, J
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structures and modifications after they have been orig-
inatedd '!:'_L' the action of ljll._:,"-i;n:_'.il.] and other cayses.!

The antennee (Pl X, Fig. 177, a¢) are distinctly bent
or elbowed. The strong, horny mandibles (Fig. 177,
m) are used for biting, like the same organs in the
manditmlate insects, while the two pairs of maxillx
(see Pl. X., Fig. 178) are for piercing, sucking, and
lapping. Fig. 138, re, are chitinous rads connecting
the first pair of maxilla with the second ; &', the funne]
or sucking-disc of the ligula; and pgf, two leaflike
sections or secondary palpi known as the paraglossw.
The other parts are lettered as before. The ligula (/)
i5 the part which is popularly known as the proboseis,
trunk, or tongue, and is not solid, but a tube-like suck-
ing-organ for obtaining Auids® The length of the pro-
boscis varies in different species, being adapted to the
varying length of the tubular corollas of flowers. The
mouth parts of the |u:||11::.'-l:|1.:1: affer one of the best
illusteations of the process of specialization by addi-
tion. This process has been carried so far that the
organs have become greatly differentiated from the
primitive type, complex in structure, and capable of
performing skilfully different kinds of work.

The legs (Pl X., Fig. vy7, &, I, "'} are strong,
hairy organs adapted for walking. The last pair (/")
in the worker are also used for storing pollen, the under
side of each tibia, which iz protected by long, curving
hairs, being used' for this purpose. The first section
of the foot is very large, and marked by lines of bril-

1 Sce pp. 16, 40-42:

i For figured, see dmer. Quars, Mice, Fowrenal, Vol. T, No,
&4 July, 1870. -
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they have short bodies, with 111.-:1[-1Ie1.'cl{;|}|_-1| month
parts, legs, and wings. ‘The genital -organs are, how-
ever, nearly aborted., The males perpetuate their
kind, and when this work is accomplished either die
or are killed. Their mouth parts are reduced in size,
and the hind-legs are not modified for collecting and
storing pollen.  The queen lays epes, and from two to
three thousand may be laid in a day. Her body is
longer than that of a worker, her hind-legs are not
modified, and her wings are shorter ; she has no glands
for secreting wax, and no honey-bag. The cells of the
comb serve as nurseries and also as storehouses. The
statement i3 not infrequently made that these cells are
mathematically exact, although Dr. Wyman' showed,
nearly twenty years ago, that this is not the case, the
perfect hexagonal cell being the ideal rather than the
real form. Darwin had previously brought out. the
fact, interesting in this conneclion, that a constant
progress towards the ideal form is observable in pass-
ing from the cells of the simpler cell-making insects,

such as the humble-bee, wasp, hornet, and Mexican

bee, to those of the hive-hee?

Special cells are reserved for the eggs. The larve
(Pl X., Fig. 179) differ from those of more generalized
insects in their extreme helplessness. They are color-
less, footless creatures, wholly unable to provide for
themselves, so that special workers, called nurses, take
care of them. These provide food of different quali-
ties, giving the secretion formed from pollen by diges-

Y Proc. Amer, Acad, Aris and Seiences; Vol VIL -
28ee Entonrolopy for Bepfuners, Packard, Chap. IV. on
“Insect Architocture” :
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that these tiny anumals possess ntelligence in some
measure.”

The Hymenoptera are divided into two groups, the
Terebrantia, in which the ovipositor is a boring or
sawing implement ; and the Aculeata; in which it is
converted into a true sting, .

1 For further information on the stenctare and habits of hees,
ser Shuckard, Srifioh Aeee s AL _f. Cook, Meaiwal 4:_,!"."-':|r Aflf-rn';' =
Lubbock, Awls, Bees, and Hatps,
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UEROCERIDE.

In the homtail (Fig. 183) the body is long, and
the thoracic rings (Fig. 183 &', 8", &) are more
loosely connected than in bees. The waist iy large,
the abdemen not being fastened o the thorax by a
peduncle. © The tendency of the first abdominal ring
to become umted with the thorax which we have ob-
served in the Orthoptera (locusts, grasshoppers, ete.),

Fig. 183

and which alse exists among certain forms of the Co-
leoptera and Hemiptera ( Heteroptera), as pointed out
by Hammond, is found in both the Tenthredinida
and Urocerida, but the junction is actually known to
take place only in the Hymenoptera Aculeata, and
there it is correlative with the stinging habits of the
insects and the pedunculated abdomen. The oviposi-
tor (es) of the horntail is not a saw, but a borer, and
is attached near the middle of the lower side of the
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| Between this cell and the exterior 15 a spongy suli-

’-' |i stance.  During the month of June many of the larvas
transform within the cell, and the winged insect makes

its exit through the little opening at &  These are

i |
T Y #
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i
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known as the SpTIng H:aﬁ-llic's { Cymids guercns shomp-
Sea, O, 5, and consist of both males and females.
Others remain within the gall till about October, and

these are the fall gall-flies { Cyneps . aetenlata, 0. 5.).
The later brood differs from the earlier by being en-
tirely composed of agamous females. Descriptions of
the Cynipida of the North-American oaks and their
galls are given by Baron Osten Sacken.

Y Brae, Ent Soc. Fhidy Vols, 1=-1L, 1861=64; Val. IV., 1865,
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consequence, by this part of the body to the extremely
long ovipositor (es), 1s well shown in the drawing.
It was generally supposed until two years ago that
this insect bored into the trunks of trees and pierced
the bodies of grubs, especially those of Tremex, for
the purpose of laving its eggs. Definite knowledge
on the subject was wanting until Dr. C. V. Riley! pub-
lished his observations. His detailed description, with
figures illustrating the method of oviposition in Thal-
essa, the structure of the ovipositor, etc., are of great
value. The trees in which the egps are laid are in
most cases somewhat affected, so that the wood is not
firm and healthy. The larve of Thalessa are found in-
variably external to the ‘Tremex gruby; 7.2 not within,
but holding on to its victim and sucking the latter’s
life away, without in any case entering its hody.”” After
careful observations of the female while ovipositing,
Riley came to the conclusion that she did not attempt
to reach the Tremex larva, but only its burrow, and
that the young parasitic larva after hatching must in-
stinctively seek its victim. He continues, * The truth
of the whole matter is, that ‘Thalessa, like all other
insects, is liable to suffer from fallible instinct, and
that while she doubtless has better means of distin-
guishing a tree infested by Tremex than we have, she
nevertheless often makes mistakes, and the unerring
instinct, which book entomologists are so fond of
dwelling upon, 1= often at fanlt."

The ovipositor is extremely long, measuring not less
than four and a half inches; it is protected by two

1 See Jusect Life, Dept. Ag., Vol, 1., No. 6, Dbﬁtm'l:&r_-, 1888,
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ACULEATA.
FORMICILE,

THE ants (Pl. XI., Figs. 186~-18g, p. 238, Formica
Feansvivantee, De Geer) have the rings of the thorax
much more loosely connected than in the typical
Hymenoptera., There is also less concentration of
these parts in the wingless workers (PL XI1., Fig, 138,
&, 8" A"y and soldiers (Pl. XL, Fig. 189, &', &,
"y than in the winged males (Fig. 186, &', 2", &'}
and females (Pl XI., Fig. 185, &, &, &". This
is only another illustration of what we have already
jmiutufl out, viz. that the consolidation of the thorax
depends upon the insect's power of Qight, and is great-
est in the best fliers, and least in the poorest. The ab-
domen is pedunculated in all the forms; buat in the
stingless ants the peduncle has only one joint, while in
many of the stinging species it has two. This last
fact favors the view advanced above, that the peduncu-
lated abdomen is probably a result of the habit of
using the ovipositor as an offensive weapon.

The male and female have both compound eyes
and ocelli (see Figs. 186, 187), but the worker and
soldier have no ocelli (see Pl XI., Figs. 188, 189).
The mandibles of the soldier are organs of defence,
and are, therefore, larger and stronger than in the
other forms. The legs are strong : Pl XL, Fig. 190, is

238 ;
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of other species, store and take care of grain, build
roads, and domesticate and rear animals (like the
aphides), whose secretions they make use of for food,
a5 human beings make use of cows. So much has
beenwnitten on the habits and sagacity of these insects,
and the knowledge iz so- easily obtainable we need
only refer here to Lubbock's ® experiments, which have
demonstrated that the intelligence of these insects
does not differ so much in kind as in degree from the
intelligence of man. This fact would place ants at the
head of the invertebrates, were physiological character-
istics, such as mental qualities, rather than structure
and development, made the basis of our classification,

SPHEGIDAL

E"'ig. 193 15 one of onr common {liggur ar Hi,:li‘t.:ﬂ']."
wasps, Sphex dckienmonsa, Linn.  The head is large,
anid the abdomen is connected with the thorax by a
long, slender peduncle, which gives the desired plia-
bility when the sting is performing its function of par-
alyzing insects. The mandibles are strong, and aid
the long, bristled legs in digging nests in the earth.
Only one egg is laid in a nest.  The larva is footless
and helpless. Its diet consists of the animal food, by
preference grasshoppers, which the parent has stung
and paralyzed, but, as a general thing, has not killed.
Some species prefer caterpillars ; some, aphides; and
others, flies or spiders. The larvie live several weeks

18ee H. € McCook, dgricalinral At of Tevas ; Mary

Trewt, Chaplers on Anis; Forel, Lot Fourmids de fa Saise.
2 Ants, Bees, and Wasps. |
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the specimen in hand is one and a half inches long,
with small waist, stout, spiny legs, and large, yellowish
brown wings. Strong as the insect is for a wasp, it
seems hardly possible for it to render powerless so
large and formidable an animal as the Mygale spider.
This it does, however, most successfully. When the
wasp discovers a spider, it circles about it in the air
until a favorable moment arrives, when it darts down
and thrusts the sting, with its load of poison, into the
body. This is sometimes repeated two or three times.
When the spider is paralyzed, it is dragged to a suit-
able place, where a hole is dug for it, one egg is laid
near the body, and the hole is filled with earth. Some-
times the wasp in other species, and probably in this
one, kills the spider ; Dait it never seems to know the
fact, and the consequences to the larvae are probably
fatal, especially where only one spider is supplied for
food.!
VESPIDE.

The paper or social wasps are represented by Fegpa
macaiata, Linn. (Fig. 194, §). When the hairs are
cleaned from the body, the prothorax is seen as a nar-
row collar soldered to the mesothorax above. The
mesothorax (Fig. 194, ") is large and rounded, bear-
ing the larger wings. At the basal joint of these wings
are small, horny, movable shoulder lappets (/#), which
we have already seen in the Lepidoptera, and which
are concave on the inner side. The extreme poste-

1 For further information, see Dr. Lincecum, **‘The Taran-

tula-Killer of Texas," American Naferefigf, Vol L, p. 137
Riley, American Entomolorist, Vol. L, pp. 111, 128,
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within its cell. Tt does not work its way through sub-
stances like the maggot of the fly, but remains in the
cell, head downward,
being held there during
the latter part of its lar-
val life by the size of
the body, which exactly
fits the opening. The
“larvie are fed by the older wasps till they are ready
to take care of themselves.

ATV

The solitary, humble, and social bees are included
in this family, the most specialized of which is the
honev-tbee, Apis medfifica,

The Hymenoptera® are commonly placed at the
extreme end of the classification, and considered as
if they were the most aberrant of all insects, or, to use
the ordinary nomenclature, the * highest,” on account
of their beauty of proportion, the complexity of their
mouth parts, which are fitted for biting, sucking, and
piercing in some groups, and the tendency in several
families to gather into communities with so high a
degree of specialization that they have different castes
distinguished from each other in structure and func-
tion; also because the first abdominal segment is
transferred to the thorax, so that by some entomolo-
gists this region is described as having four rings in-
stead of three in all the groups except the saw-flies
and horntails: and, finally, because they have the

i See eapecinlly Packard, Swnseralesy for Serieners, p. 162,
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of the genuine Orthoptera than of the otherwise nearer
allied Lepidoptera and Diptera.

Thus while the habits, general aspect, and compli-
cated nature of their external skeleton leads one to
consider the Hymenoptera as a highly specialized type,
it is evidently one that exemplifies specialization by
addition and not by reduction. So far as other strue-
tural and larval characteristics are concernéed, lh-;:_l.' are
not therefore entitled, according to the standard here
adopted, to be considered the most highly specialized
of all msects,

Althongh entomologists as a mle do not seem dis-
posed to consider that the three rings of the thorax
and the caterpillar-like larvee of the saw-flies indicate
affinities with the Lepidoptera, nevertheless this I'.'nn’rl:,'
is evidently the most generalized of ils order, and the
thorax, sessile abdomen, and mode of development
not only separate it widely from the great body of the
Hymenoptera, bt remind one strongly of the Lepi-
doptera. Thus, although it would be an error, as
pointed out by Braner and others, to consider the
saw-flies as transitions to the Lepidoptera, this family
is obviously more closely allied to Lepidoptera than
any other of its order. One cannot avoid also giving
some weight to the larval form, especially when it
ocours in association with such a generalized adult
form, and this leads one to suspect that the Hymen-
optera and Tepidoptera may have had a common an-
cestor in spite of the anatomical differences which
now distinguish them. The absence of the caterpillar-
like stage of the Tenthredinidie may have been due
to its obliteration by the law of acceleration acting

T







ORDEER XVI. DIFTERA.

Tris order is by far the most interesting if we con-
sider structural characteristics and development. The
reasons for assigning the group its position as repre-
sentative of extreme specialization are suggested in
the descriptive work on the type and suceceeding fam-
ilies, and stated in comprehensive form in the con-
cluding remarks (sce pp. 273, 274, 287). We regret
that space will not permit us to give detailed descrip-
tions and figures of the many interesting modifications
of structure which characterize pre-eminently both
the larval and aduelt stages of this large order.

As a rule the Diptera are small insects, and there-
fore pood specimens for close observational work.
Scholars should become acquainted with their struct-
ure and transformations, and this can be done if it is
remembered that after continued observation the eyes
distinguish characteristics which are not at first visible,
and that magnifiers of cheap construction will do a
surprising amount of work in the hands of any one
with sufficient perseverance.

The familiar house-fy, Werea domestica, Linn,, can
he used as the type, if other species are not at hand.
The horse-fly, or * green-head,” Tadanus lincola,
Fabr, '[']:‘I. XIL, Fig. g6, 243], 15 IﬂTEET: and its
mouth parts are more perfectly developed, so that it
can furnish good examples for class instruction.
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Latreille maintained that in Hymenoptera with peduncu-
lated abdomens the hirst abdominal ring was transferred Lo
the thorax, forming the posterior part of that region, and
concluded, therefore, that the peduncle was the second
abdominal ring. He also thought that a similarity existed
between the thorax of Hymenoptera and Diptera, main-

taining that in the latter also-thie first abdominal segment
1

joined the thorax. He, however, refused to accept the

view that the balancers representeéd the second piir of
wings. His theory in regard to the structure of the hy-
menopterous  thorax is now generally accepted, but the
burden of evidence concerning the dipterous thorax is in
favor of Keinhard,! Weismann,? and Hammond,* who
maintain that it is made of three rings only, Dr. Weis.
mann while holding this view says, in r:.L:L-qh't:lg of the
abdominal rings in the pupe of Muscida:, ** At first the
foremost of these —the fifth* larval segment — encloses
the posterior part of the newly formed thorax, so that the
latter im a certain way grows out of it™ (p. z54): and
again {p. 316}, **On the third day the three segments of
the thorax form together a small ring which towards the
hinder part has jeined the edze of the fifth segment of the
larva.” Db, Palmén ® opposes the view that the thorax is
made of three rings, asserting that in Corethra it is formed
of four segments, which he believes to be the case, more
or less, in all Diptera.  Exhaustive investizations on the
anatomy of adults and the development of the larve and
pupm® are necided, as pointed out by Gosch, to settle this
fquestion.

U Berltner Fwteriologische Zeifschrifl, Vol TX,, 1865, 2d to
4th quarter.

2 Feire, ) neise, Zoof,, 1864, 1866,

3 Foprnal Linn, Soc., Vol. XV., 1850-51,

4 The fifth sepment when the head is counted as one ring, bul
the eighth when it is held to e made of four scgments,
B z:.rr ﬂ-fr:lr}hi’n!ﬂs‘fr rfrl ?'rﬂr..fmrn:,rr;'ﬂrml,_ Iﬁ??a
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the male they are in close contact, but are separated
in the female. The two ocelli cannot be seen from
above, but only in a front view of the head. The
antennz (Figs, 193, 199, af) are short, with the third
joint very much enlarged. They are often carried for-
ward, as seen in Pl. XII., Figs. 196, 198 Pl XIL.,
Fig. 19g, represents the mouth parts, which are com-
plex in structure and fitted for piercing, sucking, and
lapping. The mandibles (me) and maxille (a2,
ma'") are like sharp lances, and pierce the hide of
horses and cattle, sometimes causing their death, The
palpt of the first pair of maxille (x') are large and
stout. The second pair of maxilla forms the tongue
or proboscis, and this pair is withont palpi. The
operation of lapping food can be observed by chil-
dren if sweetened water is given a common honse-fly,
In _this insect the mandibles and first pair of maxiliz
have become obsolete, but the proboscis is finely
adapted for lapping, having two broad, flat leaves
at its end. These are stredgthencd by bars which
roughen the inner surface so that a rasping organ is
produced (see p. 265).

The legs (Pl XIL, Fig. 197, &, &, &) are very
long, and the feet have five joints, two claws, and a
fleshy two-lobed cushion furnished with hairs which
excrete an adhesive liguid, enabling the insect to walk
on a ceiling with safety. Home' gives magnified
fipures of the last joint of the toe of a blue-bottle fly
as seen when the insect is walking in such a position.

18ee Sfeciures on Comparafive dAnatomy; Vol IV, Pl
LEXXI-LXXXVIL
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fly is largely due to the rapid vibrations of the wings,]
and it may e, in lesser degree, to the spiracles of the
thorax. :

The development of Tabanus has not been fully
worked out. The larva of one species is of large size,
measuring nearly two inches in length; the head is
retractile and is provided with jaws. Along the body
are projections or warts used in locomotion, and at
the end are fleshy processes.

The l!l_"'.'L']lJ|:I1'I!{!:I'll of the hnu.l;;:—ﬁ:.‘ has been de-
scribed and figured by Packard® The eggs are laid in
the manure of stables, and under favorable conditions
require about twenty-four hours for development ; but
when the heat and moisture are not sufficient, the
time is longer, and the larva is smaller when hatched,
Pl. XII., Fig. 200, is a dorsal view of the young larva,
or maggot, as it 15 usually called. The two main
trachem: are represented with the anterior and pos-
terior commissures (). Pl XII., Fig. zo1, is the
larva after it has moulted once. It is not a general-
ized, but an extremely specialized form. Although
living in such soft substances, it is, nevertheless, a
boring creature, and the head is therefore small and
suitable for penetration, the propelling power being
placed in the larger, posterior end. The body con-
sists of a succession of similar rings without feet, but
with sete to help the animal when boring. Pl XIL,
Fig. 203, shows the forward end, which is not differen-
tiated into a head; gf are the antenne. The man-

1 See Burgess, * Recent Studics in Insect Anatomy,” Pk,
Vol. TIT., Mo. 71, March, 1880,
¢ Proc, Most. Soc, Nat, His., Vol. XVI., 1873-74.
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through a circular orifice in the anterior emd. We
have placed the semi-parasitic fAeas after these two
groups, and following these, the true parasites, or
Pupipara, which are incladed in the Cyclorhapha in
Brauer's classification.

T
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lateral constriction takes place between the two regions.
In the more specialized Lepidoptera (butterflies) and
in others of the second series of orders, the thorax
appears to be constricted vertically, narrowing down-
ward posteriorly, to become attached to the abdo-
men. A somewhat similar condition is found to exist
in the Tipulida, as seen in Figs. 206, 206, 2. As these

258 DIPFERA

b’

Fig. acf, @

flies, like other members of the order, have no sting,
it 15 probable that they do not need the perfectly
formed pedunculated abdomen, such as is found in the
Hymenoptera Aculeata, and therefore the basal por-
tion of the abdomen is not constricted laterally so as
to form a pivot-like ring as in bees and wasps,

1
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liquids, but apparently prefers the blood of animals,

while the male, if it feeds at all, which seems to be

doubtinl, must, '.'L['Il.UfL“I'!:.': o I}i:mm,u:k_,' take ]iquiql: |
fond, although in smaller quantities than the female.
The structure of the head and mouth parts of Cedex |
rigfus is shown in Pl XIIL; Figs. zo7-213, p. 260,
taken from Dimmock's paper, to which we ‘have
already referred. PL XIIL, Fig. 207, is a dorsal view
of the head ; Fl. XIIIL., Fig. 208, a side view of the
same, with the appendages. ‘The mouth parts are
somewhat complex.  Fig. 208, Jae, is the labrum and
epipharynx, which are united throughout their length,
forming one piece: kg is the hypopharynx, a part
not found in many insects; md are the mandibles;
pra', the first pair of maxille. All these parts are re-
ceived into a groove on the upper side of the second
pair of maxillee (w2} ; x° are the maxillary palpi
(see Pl. XI11,, Fig. 207, 2"); ¢/, the clypeus. Pl. XIIL,,
Fig. z0g, is a cross-section through the middle of the .
proboscis, showing the arrangement of the parts, The

mandibles (ma) and first pair of maxille (m2') are k-
enclosed in the second pair of maxille (mx'). Above :
the mandibles is the hypopharynx {Ayg), and resting i
upon the latter is the epipharynx (efv) and the la-

brum (Jz) (these two parts ave lettered Jge in PL X111,

Fig, 208) ; # represents the trachez, and s the mus- E
cles of the second pair of maxille, When the insect

bites, all the parts excepting the second pair of max-
illee (which bend backward under the breast) are thrust

Y The oy of the Montk Paris and of the Sucking Appa-
radus of Some Diptera, Boston, A, Williams & Co., 1881, p. 22.
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ASLLIDE.

The Asilide resemble the Tipulide in the general
shape of the body, but the thorax is somewhat short-
ened, and its posterior part is not wholly exposed.
If the abdomen is separated from the thorax on the
dorsal side, it will be seen that a part of the meta-
thorax fits into its basal pertion as a ball fits into a
socket,  These insecis (Fig. 214) are rightly named
robber-flies, insect-
hawks, and Missouri
bee-killers, for they
have the habit of
attacking bees, bee-
tles, dragon-flies, and
even other rohber-
flies, sucking out the
soft parts of the
body and leaving
the chitinous skin,
: This habit is corre-

Fig. 215, lated with the follow-

ing peculiarities in

structure. The body is long (one species having a
length of two inches), and covered with stiff, bristling
hairs. The eyes are large and projecting, and the
black proboscis is powerful enough to severely sting
the hand of a man, The legs are armed with bris-
tles, and the wings are strong organs adapted for -
swift flight. Many of the larvee are carnivorous like
the adults. Those living in the earth bore into the
grubs of beetles and devour them. They have a head
with two hook-like mouth parts. The pupa are free.







CYCLORHAPHA.
SYRPHIDVE

[x the Syrphide the scutellum of the mesothorax is
in contact with the upper part of the abdomen as in
some of the Tabanidae, so that the metathorax cannot
be seen, When, however, the basal part of the abdo-
men is gently pressed downward, a portion of the
posterior part of the metathorax, marked as the meta-

Fig. 315, Fig. 6.

thoracic scutellum in PL XTI, Fig. 198, &, is brought -

mto view. It is seen that in Syrphus the abdomen
makes a broad junction with the thorax near the mid-
dle of this scutellum. I now a portion of the abdo-
men is cut away, and all its contents removed, the lower
and concealed part of the scutellum is exposed, as
secn in Fig. 215, #% In other words, the abdomen is
attached near the middle of the scutellum rather than
264
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observed, are without a distinet head, the forward part
of the body being membrancus, as in the Syrphidae.
The observations of Weismann® upon the development
of the Muscide throw light upon the subject of the
systematic position of the Diptera. He considers that
the metamorphosis of these flies is far more complex
than that of butterflies and other insects. During
their development nearly all the systems of internal
organs of the larva are destroyed, and out of their
remains the new organs of the imapo are formed. This
last statement is not sustained by M. Ganin (see his
paper referred to below). The process 15 slow, as
the systems are not all destroyed at once. The dis-
integration is far less thorough in the hutterflies than
in the Muscida ; for in the former the muscles of the
albdomen are preserved, so that this part is capable of
motion, and the pupa does not for a single moment
cease to be a moving animal, while the life of the pupa
of the Muscida is as absolutely latent as that of the
fertilized egg (p. 325).

M. Ganin, after careful study of the post-embry-
onal development of insects, has arrived at the con-
clusion that the organization of the Muscide has
undergone greater madification during its evolution
than that of other insects.?

! % e nachembryonale Entwicklung der Musciden mach
Beobachtungen an MWuree vamiteriac und Sarcophape carnavia,”
Zeit, fi Wiss, Zeol, Vol. XIV,, p. 187, 1864.

2 See M. Ganin, ® Materials for a Knowledge of the Post-
Embryonal Development of Insecis,” Warsaw, 1870, extract in
American Namralis, Vol. XT., 1877, . 423,
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the ground, buries itself, and transforms to a pupa.
Fig. 217, 3, 15 the puparium from which the fly has
1,_!:il;'.'L'|'J!.'l.l. ;

The larve of different species of bot-flies offer many
modifications of structure. Those living within cuta-
neous tumors of mammals have fleshy tubercles for
mouth parts, instead of hooks like the species inhabit-
ing the head and stomach. The horse bot-fly, Gas-
fraphilus equd, lays its eggs on the hairs about the
knees of horses, often on the inside. Five hundred
or more may be laid on one horse. The eggs when
deposited’ contain the larva in a more or less per-
fectly developed state, so that they hatch in a few
days. The young (and also the eggs frequently) are
transferred by the horse, when licking its own skin,
to the mouth, and from thenee they pass to the
stomach and intestines.  Here they fasten themselves
by their hooked mouth parts, and remain for nine or
ten months. If they are very numerous they create
a dangerous irritation, from which the animal may
suffer great agony and finally perish. In other cases
they are ejected in the excrement, and pass the pupa
state of from forty to fifty days in the earth,’

PULICIDA

The family Pulicide is regarded by some entomolo-
gists as a distinct order under the name of Siphonap-
tera and Aphaniptera ; by others it is placed among
the Diptera. Specimens of fleas can often be col-

1 8ee A, E. Verrill, * The External and Internal Parasites of
Man and Domestic Animals,” Kep. Conn. Board A, 1870,
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the power of leaping seems to have increased, so that
these insects can perform remarkable muscular feats
with their long leaping-legs (see Fig. 218). The larve
are footless and feed upon both animal and vegetable
matter : the pupe are naked.
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and appears like a part of the thorax, reminding one
of the cephalothorax of the Arachmida. The ocelli
are present, but not the
compound eyes. The
legs are most peculiar
in structure, their many
joints, hairs, and hooks
enabling the creature to
cling securely to the
hairs of the bat. Wings
and halteres, not being
needed, have been lost ;
the comblike organs
just back of the first pair of legs may be the modified
remnants of the wings. This view is supported Dy
the fact that the flics of one genus of the Pupipara
( Lipoptena) have wings when young, and live on birds ;
afterward they fly to their final destination on quad-
rupids, and then, the wings having become usgless,
are at last cast off. The whole larval life of the bat-
tick is passed within the body of the parent, so that
when the insect is born it is eovered with a puparium.

Flg. =a1.

HIPFOROSCIDLE,

The sheep-tick, Welsphasus ovi-
nusg, Linn, (Ifig. 222, with pupa-
rium) is parasitic on sheep and
lambs. The head and thorax in
this insect are small as compared
with the enlarged abdomen; the
legs are strong, with claws adapted
for clinging. By means of these
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although living in situations that seem to demand their
development, shows that they must have inherited this
peculiarity from an ancestral form whose larva had
lost them. This comparative inflexibility of the larval
stage is sufficient of itself to show that there is now a
wide gap between the existing Diptera and all other
orders of insects, and that this chasm is not closed 'I_:|_1.-
the resemblances of the parts in the adult to those of
the Lepidoptera or isolated forms in other orders.

There are in this order also marks of extreme spe-
cialization in the mouth parts of the adult, which are,
as a rule, modified for the office of sucking. The
abdomen has not the fexibility of the pedunculated
abdomen of the Hymenoptera Aculeata, no stinging-
apparatus being present, but it is, nevertheless, nar-
rowly pedunculated in some forms. The aspect of
the highly complicated and concentrated thorax ac-
companies the reduction of the wings to one func-
tional pair. This last characteristic and the tendency
to reduce the useless pair of wings is carried to an
extreme throughout this order, and can thus he
compared as a whole with such isolated specialized
types in other orders as the Coccide among Hemip-
tera, and the Stylopide among Coleoptera.

The tendency to the enlargement of one pair of
wings, like the tendency to the enlargement of certain
pairs of thoracic legs and the reduction of other pairs,
or a change in their structure and function so that the
insect makes a departure from the conventional nor-
mal type of four cqunl membranous wings and six
equal-jointed legs, is everywhere an mdex of speciali-
Zation.

g e i T
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of them collectively as the secondary larval stages,
They appear subsequently to the Thysanuriform stage,
when that is present, or between the ovarian and pupal
stages when that is absent. The pupal stage is similar
to that of the first series of orders in all respects ex-
cept that, as a rule, it 15 incapable of motion, or is
what is called quiescent, and is usually more or less
protected. The complicated development of individ-
uals in the second series of orders has led several
authors to designate the first series of orders as Amet-
abola, and the second series as Metabola.

The use of the term * ametabela,’” as applied to
the orders from I.-TX., involves an exaggeration, since
it implies that they have no metamorphoses ; whereas,
as pointed cut by Comstock and others, the Coccida
have a “complete " series of metamorphoses, or in-
direct development, even including a quiescent pupal
stage in the development of the only winged form,
the male. The guiescence of the pupal stage loses
much significance in view of this exception, and also
when it 15 noted that an extra quiescent larval stage
may occur in the second series of orders, as in some
beetles, whose extraordinary habits render two qui-
escent stages essential in their development,

It is a remarkable fact that, as a mile, the larve of
the second or specialized series of orders have the
habit of feeding voraciously. In this way the larva
store up fats and food matters in their own bodies in
preparation for the guiescent and helpless pupal stage,
during which they live upon these accumulations, they
being taken up by the cells of the tissues and used in
building up the organs and parts of the adult (see
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mal during the pupal stage have consequently changed
in proportion to these requirements from the active to
the quiescent condition.

There are other series of facts equally important
and significant. While the Thysanuriform stage is
present more or less in Coleoptera and Neuroptera,
which have the indirect mode of development, it is
absent in the orders from XIL to XVI. inclusive,
having been replaced by the secondary larval stages
in accordance with the law of acceleration in develop-
ment.

The tendency of the more specialized forms in the
orders 1. to IX. to accelerate the development of
the earliest stages is shown in various ways. In the
grasshoppers,) Mantide, cte., the inheritance of the
adult peculiarities of the type affects the young at
such early stages that, as has been described above?
the primitive larval Thysanuriform stage is skipped or
omitted from the development.

In Coleoptera and in the highly specialized orders
of insects (XI. to XVI.) a novel and distorbing in-
fluence appears, due to the extraordinary importance
of the functions of larval life. This period in the
larger number of groups in other classes of animals is
much less variable than the adult stage, and it is really
very often a mere vehicle for the record and trans-
mission of hereditary characters. In some of the
orders of insects, however, it is as efficient for the

1 Packard's illustrations on p. 60 of his Ewtoprolapy for Be-
ginners give an excellent scries of one species, Calopenus
Jfermur-rubrum.
2 See p. 111,
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often, as in Teania, accompanied by correspending
acceleration and loss of primitive stages. The curious
transformations of Echinodermata are plainly adapta-
tions of the larvee to a free life in the water before
they become attached or sink to the bottom and begin
their proper life as crawlers,  In this class there are a
number of examples of acceleration (Comatula, Spa-
tangoids, etc.). Such life-histories and those of Epi-
cauta, Sitaris and Meloe among Beetles which run oot
the gamut of changes from the simplest Thysanuri-
form larva through several grub stages to the quiescent
pupa, show that the most complicated metamorphoses,
called hypermetamorphoses by entomologists, must
have arisen in response to the changes of the surround-
ings. No other hypothesis can account for the num-
her, variety, and novelty of these metamorphoses and
their suitability to the number, variety, and novelty of
the changes in the surroundings and the corresponding
changes in habits of the larvie at different stages of
gmwrh.

The occupation of the larval stages by strahge and
curious forms, like caterpillars, grubs, etc., naturally
attracts attention and at first makes one wonder at the
apparent eccentricities of nature’s ways. But in reality
they serve to throw a strong side light upon the normal
mode of action of the laws of heredity, and show us
that, in spite of its enormons conservative force, hered-
ity is subservient to the effects of habit or use of parts.

That these secondary larval forms are more re-
duced, although more specialized organisms than the
primitive Thysanuriform larva, has already been stated.
Among Coleoptera and Neuroptera this is obvious
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they were members from "Thysanura, as has lbeen
stated above! with reference to the saltatorial Orthop-
tera, but the researches of Braver, Packard, and Lub-
bock, :h'::l'u'Jlle-iIr;I['Ltlg that the wrum[ury larval stages,
grubs, maggots, etc., are modifications of the Thy-
sanuriform larval stages, show that this use of théem
cannot be admitted. If this be granted, it becomes
possible to account for the phenomena as follows.
The modified, and adaptive, larval characters of the
grubs, caterpillars, etc., having become fixed in the
organization of such groups as the weevils among
Coleoptera, and in some whole orders, as in the
Lepidoptera and Diptera, have been inherited at such
early stages in accordance with the law of acceleration
in development that they have replaced the useless
Thysanuriform stage. In other words, the absence of
this primitive larval stage in the young of many spe-
cialized forms of insects now living is due to the ten-
dency to earlier inheritance of the later acquired,
adaptive characters of the secondary larval forms.
It iz very important for these considerations to
notice that after the insécts possessing the indirect
modes of development have passed through their re-
ductive secondary larval stages, they return to the
more normal or direet mode of development in the

pupa. In doing this, they clearly illustrate the excep-

tional and adaptive nature of their deviations from
the direct mode during the larval stages, and show
that this resumption of the older beaten path marked
out by heredity is essential in order that a typical hex-

1 See p.oLn,
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one form after another COMInE into hciug 5:1::.::1_-_«:551-.::]}»
would each introduce some novel modifications, ac-
cording to its place in'bme and the structoral series,
These modifications being inherited at earlier stages
in descendants than those in which they originated in
the ancestral forms, would crowd upon the character-
istics already fixed by heredity in the growth of the
YOUung, Hj‘ and |-'|_'|-'. as characteristics accumulated, it
would become not only inconvenient to repeat all the
characteristics of its ancestors, but it would be a phys-
ical impossibility for any individual to reproduce them
all in the same succession in which they bad arisen:
life would not be long enough nor vital powers strong
enough to accomplish such a process. Nature pro-
vides for such emergencies by a law of replacement ;
and as stated above, when a part or characterisie
becomes useless, if it stand in the way of the devel-
opment of other parts or other characteristics of the
same part, it is replaced to a greater or less degree by
the newer and more useful modifications. This is the
rule so far as relates to an ordinary normal series of
forms when such a series can be traced with abundant
materials through a sufficiently long period of geologic
time, as has been repeatedly shown by Cope and one
of the authors. Made confident by such éxperiences
we do not hesitate to apply it to the insects where
positive evidence of this sort is not yet forthcoming.
If this be correct, it is evident for example that the
sucking-tube and other correlative internal modifica-
tions originated in the pupal or adult stages of the
primitive Hemipteron, then became fixed in the organ-
ization of the order, and are now inherited at an early

3
i
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As a rale, then, the orders having indirect modes of
development do not show to any marked cxtent accel-
eration in the inheritance of adult or adolescent
(pupal) characters, but, on the contrary, the char-
acteristics of these later stages remain remarkably
constant in the ages at which they are inherited.
They do not encroach upon or replace the larval
stage to any very marked extent, as in the examples
cited above, ameong the Orthoptera or Hemiptera.
This might be considered as fatal to the application
of the law of acceleration, and' this wounld be the case
if that law were anything more than the expression for
o peneral result of causes which underlie the action of
heredity. One of these causes is what we have al-
ready expressed as a law of replacement.

Two modifications cannot occupy the same space,
and the secondary larval forms having become fixed
in the organization, they hold their own in the devel-
opment of individuals against the encroachment of
the pupal and adult characters by virtue of their suit-
ability and the conservative power of heredity. The
few cases in which acceleration of the pupal stages at
the expense of the larval stages does take place in
the second series of orders seem to show this, since
they occur not in the normal forms having the ordi-
nary habitat, but in parasites like the Pupipara.

Teachers who read Sir John Lubbock’s interesting
chapter on the Nature of Metamorphoses (foe. eit.) will

stage, and are in reality, although wingless, comparable with
active pupit. In the case of the sexually peefect forms which
emerge from pseudova, they are, acconding to Comstock, in o
still more advanced conditicn. .
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continuous progressive  specialization to more and
more differentiated structure with correspondingly
increased functional powers, or larger or different
fields of work. At other times it may lead us in a
wave line, which follows a devious course, rising part
of the time through progressive specialization, and then
falling for another period of time through specializ-
tion by reduction.  If the animals under consideration
be parasites, they may continue on this descending
plane both in the growth of the individual and the
evolution of the group. Nevertheless the resulting
adult is not necessarily of " low grade " in any seien-
tific scheme of arrangement founded upon the prinei-
ples of evolution, Tt is, however, farther removed
from the primitive type, and is extremely specialized,
The uwse of the msthetic terms “low™ and “ high™
have come from a period inthe histery of our science
when nature was made to assume a rigidly progressive
aspect, each division of the animal kingdom represent-
ing a finger-post pointing towards the so-called perfect
animal, man, each rising higher and higher in the
scale of perfection whose standard was the human
organization. Such artificial ideas revenge themselves,
and words become their rendy instruments, first to
express what is false, and then to help in binding the
mind with the conservative fetters of habit.
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