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PREFACE.

Ix propariii«; this littlo book the aim has been to make it

irenerally useful to ditlcreiit ehisses of reaiU-rs. liL-giuui-rs

ill ihe study will timl in it copious directions for collecting

and preserving' insi-cts, how to form cabinets, how to mount

insects for the microscope, and how to prepare them for

study, as well as guides to the literature containing the de-

scription of species. While amateurs and dilettanti ento-

mologists may find useful hints, the needs of those who

wish to make a serious study of these animals have iu)t been

overlooked, and it is hoped tiiat the b(»ok will be (»f some

service in leading such students to pay more attention to

the modes of life, tnmsformations, and structure of insects

than lias yet been done in this country.

The bo(»k is also designed as a hand-book for the farmer,

the fruit-grower, and the gardener. Bt-sidcs treating of tiie

elements of the science and the nu'ans of ascertaining to

what order and family their insect pests belong, the reader is

ivfi'rred to descriptive W(»rks and re[)orts for fuller informa-

ticm, while Chapter V. gives the fundamental principles of

Kconomic Entomology, with brit'f accounts of the more in-

jurious insects and the natural and artifi<-ial means of check-

ing their attacks. On account of the prominence given to

this topic it is hoped that the book will, with its copious

gloss;irv, be serviceable to agricultural editors and useful as

a text-book in agricultural schools and colU'gcs.

As a tirst bmtk in entomology it is also desigiu-d to Ix* an

introduction to the autlutr's '• Guide to the Study of In-

sects.''
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The classification presented is in accordance with recent

studies and the conviction that certain of the lower so-ctilled

"orders" of insects, such as the "Orthoptera." " Pseudo-

neuroptera/'' are heterogeneous, unnatural groups, which

for the sake of clearness and truth to nature should be

broken up into distinct orders. The class of insects, there-

fore, is divided into sixteen orders instead of eight, iis may
be seen in tiibular form on p. 56, and the usual succession

of orders has been reversed, the book beginning with the

lowest, the wingless insects, and ending wijth the highest,

the Hymenoptera. This order agrees with the probable

mode of evolution of the class, and with the geological suc-

cession of insects, so far as we know it: insects like cock-

roaches, grasshoppers, etc., being the first to appear, those

with a metiimorphosis, as ueuroptera, beetles, files, moths,

ants, and bees, succeeding them.

In 1863 the author proi)osed a new classification of insects,

placing the HjTnenoptera at the head of the insect-series,

the Coleoptera having, because, perhaps, from being the

favorites of collectors, been assigned this position. Since

tliat time it has been gratifying to see that, at the present

time, not only in the United Stittes, but in England and on

the Continent, the Hymenoptem by general consent crown
the summit of the tree of insect life.

The present scheme of classification was in part worked
out by the author (contrary to his early convictions or preju-

dices) and published in 1883, when ten orders instead of

eight were adopted; while it was remarked tluit the three

groups (i.e., white ants, etc., the may-flies, and tlie dragon-

flies) composing the " Pseudoneuroptera" might hereafter

be regarded as entitled to the rank of orders. It should

alsobe lx)rne in mind that someof the leading entomologists,

as Westwood and others, had for many years regarded the

ear-wigs, the caddis-flies, the Thripidae, and the fieas as

representing distinct orders. While we were considering it

a del)atable question whether these important types had not

been unwarrantably "lumped" with the older Linnaean
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aeven to eighteen orders, smd the 3500 dewribed 1

r-,. ,

leaat, proportionately as gT(»at.
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So progressiv.e a science as Zoology, and especially its sub-

division entomology, is in a transitory state, especially sys-

tematic entomology. We cannot, like the Chinese, actually

worship Linnaeus, our zoological Confucius; we cannot pay

too great deference to any system. Our ideas of classifica-

tion must change with our increasing knowledge. With the

evolution theory as a useful instrument of research, our

systems of classification representing what we suppose to be

the phylogeny of the class, Ave have a pliilosophical basis,

a working theory, which will throw light on dark places,

and solve many a knotty point. It is for tliis reason that

we need to study the embryology and life-history of insects,

supplementing these with anatomical investigations, besides

carrying on the work of collecting, describing, and thus en-

larging our knowledge of the distribution of insects in space

and time.

The author gratefully acknowledges kind aid received

from several eminent naturalists in revising the portions

dealing with subjects of which they have a special knowl-

edge. Dr. P. R. Ilhler has read the original MS. and proof

of the pages treating of the Hemiptera; Mr. Samuel Hen-
shaw the same of the Colooptora; and Dr. S. W. Williston

the pages devoted to the Diptera; while Professor Farlow

of Harvard University has kindly read the proof of the

section on Diseases of Insects due to Animal and Vegetable

Germs; Mr. N. N. ]\[ason of Providence, E. I., has also

read the proof of Chapter VIII., and made some valuable

suggestions.

Besides a number of cuts purchased of Prof. C. V. Riley,

which are acknowledged in the text. Figs. 87, 88. and 89

are taken from Darwin's Descent of Man (D. Appleton &
Co., New York); for electrotypes of several figures, from his

work on butterflies, I am indebted to S. H. Scudder, Esq.

;

Fig. 238 was loaned by Prof. J. A. Lintner; Fig. 186 by

the U. S. Agricultural Dt'partment; and of Fig. 83 the

author was allowed the use Ijy the Secretary of the Smith-

sonian Institution. A number of electrot}3)es from Judeich
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and Nitsclu-'s work uii lorcst mst'cts \v:u; al.so inirehausfd

of the A'u'iiiia piihlislu'r.

Tlie fi<;iires arc, luili'ss stated to he of natural size, cn-

lar<i;ed; in some of them a line hy the side indicates the

len.<,4h of the specimen from which the llL,auv was ilrawn.

l'i:..vii)KNci;, 11. I., JiMU' 20, 1888.
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ENTOMOLOGY.

CHAPTKrv I.

TIIE STRUCTUKK OF INSECTS.

Wnr.N" wo consider that the class of insects alono comprises

about four fifths of tlie animal kingdom, and that there

are upwards of '^OO.OOO species in collections, it would seem

a hopeless task to define what an insect is. One may study

a definition of the class of insects, and read pages and even

volumes ahout the structure of in.-ccts in general, hut such

knowledge would be second-hand, and it is far better for

the beginner to simply catch a grasshopper, and carefully

examine it for himself. By so doing he will learn more in

a few hours than the mere student of l)ookswill accomiilish

in weeks. Still, one who knows nothing about insects needs

some guide to give the names to the parts readily seen, and

to point out those organs and their details which might be

overlooked.

We will suppose that the beginner has a common red-

legged locust or grasshop])er in his hand: and in onier to

reiidily examine it he should be ])rov'ded with a C'oddington

or any other lens, and a stand to hold it when both hands

are needed to dissect the specimen, a jniir of sleiuler iron

forceps, and a needle mounted in a pine hamlle with which

to separate the legs and mouth-part.s. Directions for col-

lecting and dissecting insects will be found in the sixth

chapter. Meanwhile we may say that any boy or girl c:»n

catch a gra^sshopper, and after it is ctiught it may be killed
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without its suffering any pain, by throwing it into a bottle

containing cotton saturated with ether. It may when dead

be taken out of the collecting-bottle and dried. It is most

convenient to pin it. This may be done by thrusting a

slender insect-pin through the collar. For class use it is

better to preserve a lot of grasshoppers in alcohol; before

using them they can be soaked in water to take out the

alcoholic odor, and can then be easily handled without

being pinned, and the wings unfolded or the mouth-parts

and legs moved without their breaking off.

External Anatomy.—On making a supeificial examination

of the locust {C'dlujjfenus femnr-rnh'um), or the llocky

Mountain locust (C. spreins), its body will be seen to con-

sist of an external crust, or thick, hard integument, pro-

tecting the soft parts or viscera within. This integument

is at intervals segmented or jointed, the segments more or

less like rings, which, in turn, are subdivided into pieces.

These segments are most simple and easily comprehended

in the abdomen or hind-body, which is composed of ten of

them. The body consists of seventeen of these segments,

variously modified and more or less imperfect and difficult

to make out, especially at each extremity of the bod}'

—

i.e., in the head and at the end of the abdomen. These

seventeen segments, moreover, are grouped into three re-

gions, four composing the head, three the thorax, and ten

the hind-body, or abdomen. On examining the abdomen,
it will be found that the rings are quite perfect; and that

each segment may be divided into an upper (tergal), a lateral

(pleural), and an under (sternal) portion, or arc (Fig. 1, A).

These parts are respectively called iergite, pleiirite, and
ster7iite; while the upper region of the body is called the

tergnm, the lateral the pleu7'um, and the ventral or under
portion the stermim.

As these parts are less complicated in the abdomen, we
will first study this region of the body, and then examine the

more complex thorax and head. The abdomen is a little

over half as long as the body, the tergum extending far
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down on the side and nicr^in;^ into tlio plt'urum without

any suturo or seam. Tlic i>l«'uriiin is indicated l»y tlu* row

of spiracles, which will Ix* noticed farther on. The sternum

CUvttnna."

TvtVa \ VaVvvxsr —^ tpvctanwm C~^^

\ Scuiunv;

X'' .ToreWvnc^

(^^

^*'

"^^^^ fCewsQ'
f

>

\10^

e^.

Fig. 1.—External anatomy of Ca\otil>'inis spretus, the head and thorax>mT of Caiojiroiiw spre
disjointed.—Kingsley de/.
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forms the ventral side of the abdomen, and meets the pleu-

rum on the side of the body.

In the female (Fig, 1, B) the abdomen tapers some-

what toward the end of the body, to which are appended

the two pairs of stout, hooked spines, forming the oviposi-

tor (Fig. 1, B, r, r'). The anus is situated above tlie upper

and larger pair, and the external opening of the oviduct

is situated between the smaller and lower pair of spines;

it is bounded on the ventral side by a movable, triangular

acute flap, the egg-guide (Fig. 1, B, eg, and Fig. 4).

The thorax, as seen in Fig. 1, consists of three seg-

ments, called the prothorax, mesothorax, and metathorax, or

fore, middle, and hind thoracic rings. They each bear a

pair of legs, and the two hinder each a pair of wings. The

upper portion (tergum) of the middle and hind segments,

owing to the presence of wings and the necessity of freedom

of movement to the muscles of flight, is divided or differ-

entiated into two pieces, the scutum and scutellum*

(Fig. 1), the former the larger, extending across the back;

the scutellum being a smaller, central, shield-like piece.

The protergum, or what is usually in the books called the

prothorax, represents either the scutum or both scutum

and scutellum, the two not being differentiated.

The fore wings are long and narrow, and thicker than

tlie hinder, which are broad, thin, and membranous, and

most active in flight, being folded up like a fan when at

rest and tucked away out of sight under the fore wings,

which act as wing-covers.

Turning now to the side of the body under the insertion

of the wings (Fig. 2), we see that the side of each of the

middle and hind thoracic rings is composed of two pieces,

the anterior, epidernum, resting on the sternum, witli the

epimeriim behind it; these pieces are vertically high and

* There are in many insects, as in many Lepidoptera, Ilymenoptera,

and Neuroptera, four tergal pieces—i.e., proescutum, scutum, scutel-

lum, and postscutellum, the first and fourth pieces being usually

very small and often obsolete.
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narrow, and to tliem the leg is inserted by three pieces,

called respectively coxa, trochantine, and trochanter (see

Fig. 2), the latter forming a true joint of the leg.

The legs consist of five well-marked joints, the femur
(thigh), tiMa (shank), and tarsus (foot), the latter consist-

ing in the locust of three joints, the third bearing two large

claws with a pad between them. The hind legs, especially

the femur and tibia, are very large, adapted for hopping.

The sternum is broad and large in the middle and hind

thorax, but small and obscurely limited in the prothorax,

with a large conical projection between the legs.

The head in the adult locust is mainly composed of a sin-

gle piece called the epicranium (Figs. 2 and 3, E), which

carries the compound eyes, ocelli, or simple eyes (Fig, 3,

o), and antennae. While there are in real-

ity four primary segments in the head of

all winged insects, corresponding to the

four pairs of appendages in the head, the

posterior three segments, after early em-

bryonic life in the locust, become obsolete,

and are mainly represented by their ap-

pendages and by small portions to which the

appendages are attached. The epicranium

FiG.3.-Frontviewof
I'epresents the antennal segment, and

the head of c. .spre- mostly Corresponds to the tergum of the
IMS. E, epicraiii- "^ ^ °
um; c, eiypeus; L, segment. The antennae, or feelers, are in-
labruni; oo, ocelli;

, i • ^ , « ,i i i ^
e, eye; a, antenna; sertcu HI irout 01 the cycs, and between
nirf, mandible; J»x, ,, • ii , • n ^

portion of maxilla them IS tlic anterior ocellus, or smiple eye,

iabrum7 p, maxii^ wliilc the two posterior ocelli are situated

1 a*^b i a?^' patpns^- abovc the Insertion of the antennae. In
KingsieydeZ. front of the epicrauium is the clypeus

(Fig. 3), a piece nearly twice as broad as long. To the

clypeus is attached a loose flap, which covers the jaws when
they are at rest. This is the upper lip or hihrum (Fig. 3).

There are three pairs of mouth-appendages: first, the true

jaws or mandibles (Fig. 1), which are siugle-jointed, and

are broad, short, solid, with a toothed cutting and grinding



THE STIiCCTCnE oF TXSECTS. 7

edge, iul:i})ti.'il for biting. The mandihU's are situated on

each side of the mouth-opening. Behind the mandibles

are the maxilhv (Fig. I), which are divided into three lolx'S,

the inner armed with teeth or spines, tlie miiMle lobe un-

armed and spatula-shaped, while the outer forms a live-

jointed feeler called tJie maxillarii palpus. The maxilla' are

accessory jaws, and probably serve to hold and arrange the

food to be ground by the true jaws. The floor of the mouth
is formed by the labium (Figs. 1 and 2), which in reality

is composed of the two second maxilla?, soldered together in

the middle, tlie two halves being drawn se])arately in Fig. 1.

Within the mouth, and situated upon the labium, is the

tongue {JiiKjHii), which is a large, membranous, partly hol-

low expansion of the base of the labruni; it is somewhat
pyriform, slightly keeled above, and covered with fine, stiff

hairs, which, when magnified, are seen to be long, rough,

chitinous spines, with one or two slight j)oints or tubercles

on the side. These stiff hairs })robably serve to retain the

food in the mouth, and are, apparently, of the s;»me struc-

ture as the teeth in the crop. The base of the tongue is

narrow, and exti'uds back to near the i)harynx (or entnince

to the gullet), there being on the fioor of the mouth, behind

the tongue, two oblique slight ridges, covered with stiff,

golden hairs, like those on the tongue.

The student may separate the body, after being hardened

in alcohol, into the parts represented by Fig. 1, as indicated

by the tjible on the following page, and neatly gum them in

their jirojier order upon a card with liquid glue or mucilage.

Internal Anatomy.—The internal anatomy may be studied

by removing the dorsjil wall of the body, ami also by harden-

ing the insect several days in alcohol aiul cutting it in two

longitudinally by a sharp scalpel.

The (vsophaijuti (Fig. 4, w) is short and curvt'd. contin-

uous with the roof of the mouth. There are several longi-

tudinal irregular folds on the inner surfaci\ It terminates

in the centre of the head, directly under the brain or supra-

cesophageal ganglion, the end being indicated by several
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TABULAR VIEW OF THE EXTERNAL PARTS OF AN
INSECT'S BODY.

Head (composed of 4 segments).

r Occiput.

^ 1
Epicrauium, bearing the antennae

Clypeus. [and eyes.

Labrum, upper lip.

i^
Epipharj-ux.

{Geua, cheeks.

^''^^
{ Submentum.

C
Antennae, feelers.

. ,
I Mandibles, jaws.

Appendages
^ Igt Maxilla?, Avith their palpi.

l^2d Maxillae, or labium, Avith its

[palpi.

Thokax (composed of 3 segments).

Pronotum.

Parts of the skin, or integument
above

Parts of the skin, or integument,
j _ ( Mentum, chin.

1st segment: Prothorax.

2d segment: Mesothorax.

3d segment: Metathorax.

Propleurum, with a spiracle.

Prosternum.
Fore legs.

'

S r Praescutum.
2 Scutum.
§ -! Scutellum.
§ Postscutellum.

^ [Patagia.
'*'

( Episternum.
Mesopleurum^ Epimerum.

( Spiracle.

Fore wings.
Middle legs.

f Praescutum.

Mesonotum

Hind wings.

^ Hind legs.

1
Scutum.
Scutellum.
Postscutellum.

Abdomen (composed of 10 and in some insects 11 segments).

( Tergite.

Segments or uromeres \ Pleurite.

( Sternite or Urosternite.

Ovipositor.

Anal st3dets, cerci or cercopoda (1 pair)—8 pairs of spiracles.
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snuill coniail valves closing thr passage, thus proveniing

the regurgitation of the food. The two sjilivary glaiuls con-

sist each of a hunch of follicles, emptying by a common iluct

into the floor of the moutii.

The a'sophagus is succeeded by tlie crop {infjluvies). It

dilates mjndly in the head, and again enlarges Ijefore piu^s-

ing out of tlie head, nnd at the point of first expansion or

enlargement there begins a circular or objicjue series of f(jlds,

armetl with a single or two alternating rows of simple spine-

like teeth. Just after the crop leaves the head, the folds

become longitudinal, the teeth arranged in rows, each row

formed of groups of from three to six teeth, which point

bjvckward so as to push the food into the stomach. It is

in tlie crop that the "molasses" thrown out by the locust

originates.

The proven fn'cul us is very small in the locust, easily over-

looked in dissection, while in the green grasshoppers it is

large and armed with sharp teeth. A transverse section of

the crop of the cricket shows that there are six large irreg-

ular teeth armed with spines and hairs (Fig. ")). It forms

a neck or constriction between the crop and true st(»mach.

It may be studied by laying the alimentary canal open with

a pair of fine scissors, and is then seen to be armed with

six flat folds, suddenly terminating posteriorly, where the

true stomach (chyle-stomach, centriculus) begins. The

chyle-stomach is about one half as thick as the crop. wlu'U

the latter is distended with food, and is of nearly the s;ime

diameter throughout, being much paler than the reddish

crop, and of a flesh-color.

From the anterior end arise six large pouches called gas-

tric c(Bca, which are dilatations of the true chyle-stomach,

and probably serve to present a larger surface from which

the chyle may escape into the body-cavity and mix with the

blood, there being in insects no lactciil vessels or lymphatic

system.

The stomach ends at the posterior edge of the fourth ab-

dominal segment in a slight coiistrictiou, at which point
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(pyloric end) the urinary tubes [nisa urinariit. Fig. 4. ur)

arise. Tliese are arranged in ten groups of aU>ut lifteen

tubes, so that there are about one hundred and tifty long,

fine tubes in all.

The intesline (ileum) lies in the tiftli and sixth abdominal

segments.

Behind the intestine is the colon, which is smaller than

the intestine proper, and makes a partial twist. The colon

suddenly expands into the rectum, with six large rectal

[/lands on the outside, held in place by six muscular bands

attached anteriorly to the hinder end of the colon. The
rectum turns up toward its end. tmd the vent is situated

just below the supra-anal

plate,
' ~

Having described the diges- \^

tive cjinal of the locust, wit

which that of the beetle (Fi-.

()) and the fly (Fig. 7) m;i\ ^',

be compared, we may state i:

a summary way the functiohs

of the different divisions of

the tract. The food after be-

ing cut up by the jaws is acted

upon whiii' in the crop by the

salivary fluid, which is alka- ~^ "^

lino •mil ii.w«ios«<»<s tlw. im-,ma Fiq. 5—Transverse section of the pro-
line, aim ])OS>t>seS tne pi op- veutriculus of Grunm, ciurrrus „t

Prtv :m in vert(>l)rite>^ of Kurope
;

muc. muscular walls; r.til\, as 111 \llU^lau^, 01 horny rUiu-.- l>.-i«.fn the large teeth.

rapidly transforming the -After Minot.

starchy elements of the food into soluble and assimilable

glucose. The digestive action carried on in the crop {itiiflu-

iH€s) then, in a vegetiible-feeding insect like the locust,

results in the conversion of the starchy matters into glucose

or sugar. This ])rocess goes on verv slowlv. When diges-

tion in the crop has ended, the food submitted to an ener-

getic pressure by the walls of the cn»p. which make jxri-

staltic contractions, filters gradually through the short, small

proventriculus, directed by the furrows and chitinous
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jM-ojections lining it. The apparatus of teetli does not
triturate the food, which has been sufficiently comminuted
by the jaws. Tliis is proved by the fact, says Plateau, that

the parcels of food are of the same form and size as those

in the crop, before passing through the proveutriculus.

The six large lateral pouches (caeca) emptying into the
commencement of the stomach (ventriculus) are true glands.

Fig. 6.—Digestive canal of a Carabid beetle, b, oesophagus; c, crop; d, proven-
triculus; /. chyle-stomach; g, posterior division of the stomach; i, the two
pairs of urinary tubes; h, intestine; k, rectum; I, anal glamls.—After Dufour
from Judeich and Nitsche.

'

which secrete an alkaline fluid, probably aiding in digestion.

In the stomach (ventriculus) the portion of tlie food which
has resisted the action of the crop is submitted to the action
of a neutral or alkaline liquid, never acid, secreted by special

local glands or by the lining epithelium. In the ileum and
colon active absorption of the liquid portion of the food
takes place, and the intestine proper (ileum and colon) is

thus the seat of the secondary digestive phenomena. The
reaction of the secretion is neutral or alkaline. The rectum
is the stercoral reservoir. It may be empty or full of liquids,

but never contains any gas. The liquid products secreted
by the urinary tubes are liere accumulated, and in certain
circumstances here deposit the calculi or crystals of oxalic,

uric, or phosphatic acid. Insects, says Plateau, ' have no
special vessel to carry off the chyle, sucji as the lacteals or
lymphatics of vertebrates; the products of digestion—viz.,

salts in solution, peptones, sugar in solution, and emulsion-
ized greasy matters—pass through the fine coatings of the
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digt'stivi' canal I)y osmosis, and mingle outsidi' of tliis cunal

with tilt' currents of blood whicli pass along the ventral and
lateral parts of the body.

Into the pyloric end of the stomach empty the urinary

tubes, their secretions passing into the intestine. These

organs are exclusively depuraiory and urinary, relieving

the body of the waste products. The liquid which they se-

crete contains urea (?), uric acid, and urates in abundance,

hippuric acid (?), chloride. of sodium, phosphates, carbonate

of lime, oxalate of lime in quantity, leucine, and coloring

matters.

The nervous system of the locust, as of other insects, con-

sists of a series of nerve-centres, or (/an(jlia, Avhich are con-

^-»

Fio. 7.—DiRestive canal of Sarcnphaga carnario, o. salivary Klaii'l; ^, M"i..p'h-

agus; f, g, stomach; h, iiitestiue; «, urinary tuu«»>; k, reelum.—From Juilt-icU
and Xitsche.

nected by two cords (commissures), the two cords in certain

parts of the body iu some insects united into one. There
are in the locust ten ganglia, two in the head, three in the

thorax, and live in the abdomen. The first gjiiiglion is

rather larger than the others, and is called the *' brain.
'*

The brain rests upon the a\>«ophagus, whence its name,

supra-a^sophageal ganglion. From the brain arise the large,

short, oi)tic nerves (Fig. S, op), which go to the compound
eyes, and from the front arise the three slender rilament.s

whicli are sent to the three ocelli (Fig. S. '" ). From im-

mediately iu front, low down, arise the antennal nerves

(Fig. 4, \tt).

The infra- a^sophageal g-anglion (Fig. 8, if), as its name
implies, lies under the tesophagus at the base of tlie head.
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under a bridge of chitiiie (the tentorram) and directly be-

lt is connected with the supra-cesophagealhind the tongue.
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ganglion by two eoniniissuros pissing u]) cjicli sidu of tho

a?soi>hagiis. From the under side of the infni-o'sophageal

AGf^ BGijr

Via. 9.— .1, nervoas systt-m nf uut. Fonnicn rufa; It, Mi-lolunihii: i\ lli->li lly.

Sarrophuiia cariKinif. Sti/, fcoutiil Kiiiit;liiiii of the s,vin|miliflio iu>rvf. -v.;

brain; «.S</. infra ii'sniihaseal naii^liiiij; h'G, thoruoio ^'lui^lia; ^'r'. alxliitmnil

fantjlia : "tlie dolled liues passing tlirou>;li homoluKons Kanglia.— From Ju
eich aud Nitsche.

Fig. 10.— Supra-cesophnseal Ransjlion and visceral (or ^yiy •>••• -—.,;;
system of the silk-worin moth t I'umhi/x morn. gs. supra-it - n

('•brain'"U (i. autennary nerve: o. optic nerve: r, azytros t ..]

nervous svsteiu: »•', its roots arising from the siipra*--->i' '.i_.-.ii ^.iri^non;

s. paired iierve with its ganglionic enlargements, s' «".—Alter braudt, from
Gegeubaur.
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ganglion arise three pairs of nerves, wliicli are distributed to

the mandibles, maxilla, and labium. The mandibular nerves

project forward and arise from the anterior part of the

ganglion, near the origin of the supra-oesophageal commis-

FiG. 11.—A Carabus beetle in the act of walkinp: or running. Three legs (L,,
i?2, L3) are directed forward, while the others (7?,, L^, R^). which are directed
backward toward the tail, have ended their activity, a h, c </, and e / are
curves described by the end of the tibia; and passing back to the end of the
body; b h. d i, and/ 3 are curves described by the same legs during their pas-
sive change of position.— After Graber.

sures, while the maxillary and labial nerves are directed

downward into those organs.

The sympathetic ganglia are three in number; one situ-

uated just behind the supra-oesophageal ganglion (Fig. 8,
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as), resting on tlu' u'soplmgnH. and t\v»j utlaTri situaU-d i-acU

side of tlie crop, low down. Kai'li of the two posterior

ganglia is sup[)lied hy a nerve from the anterior gjinglion.

Two nerves pass umler the erop connecting the posterior

ganglia, and fi-oni each posterior g-anglion a nerve is sent

backward to the end of the })roventriculus. A pair of

nerves pass under the o'sophagus from eacii sitle of the

anterior sympatlu'tie ganglion, and another i^air pass down-

ward to a round white body, whose nature is unknown
(Fig. S, ,0-

How Insects Walk and Fly.—In walking, the locust,

beetle, or, in fact, any insect,

mises and puts down its six legs

ultcrnately, as may be seen by

observing the movements of a

beetle (Fig. 11). As Carlet

states, an insect's legs move
according to the foUowinir

formula:

U ith the claws on tlu'ir fore

legs they i)ull themselves for-

ward; the n\iddle legs seem to

sujiport and steady tiie body,

also pushing it somewhat: while

the hinil legs in many beetles

push the body forwaril.*

While the structure of the limb

of a vertebrate and insect is not

h.>mologous. yet the nun-hanism ^.^ ,•> _section ..f th- fon. \^ of a
or functions of the iiarts are in ^,''*s: beetle, siiouu.ir the nuist-ies.

i 6. e.xIeiisor. K. tli-xor. of the h«»»: ».

the main the sjime as indicated extensor. 6. flexor, of tiu- femur;
. o. femur; ii, tibia; f. t.-irsus; k.

in bigs. Vl to 15. claw; 109,, .<. extensor, 6. flexor, of
M,, r , . « • the feinoro-tibial joint, both en-
ilie footprints of msec t.s are larged.—After Omber.

* See Miall and Denny's " The Cockroach."



18 ENTOMOLOGY.

sometimes left in fine wet sand on the banks of streams or

by the seaside.

In Fig. 16 tlie black dots are made by the fore, the clear

Fig. 13.—Diagram of the knee-joint of a vertebrate {A) and an insect's limb (B).

a, upper, h, lower, shank, united at A by a capsular joint, at B by a folding
joint; d, extensor or liftinK muscle; (i', flexor or lowering muscle of the lower
joint. The dotted line indicates in A the contour of the leg.—After Graber.

circle by the middle, and the black dashes by the hind legs

(Graber).

The wings are developed as folds of the integument, and

Fig. 14.—Cross-section through the thorax of
a butterly. o /*, nuiscles for raising, c d,

for drawing downward and inward, the legs;

d. entothorax arising from the sternum, fc,

st; ng, wing-vein; g, fulcrum, or turning-
point; c /i, muscles for lowering, b /, for
raising, the wing; i k and rn 7i, nmscles for
lowering, I op, for raising, the dorsal plates.

Fig. 15.- Diagram of muscles of
an insect's leg. Besides the mus-
cles at tlie insertion of the limb
for raising and lowering it, in

the trochanter (tr) is a nmscle
for rotating the leg ; t, for
stretching the tibia (//6); ?/, flex-
or of tibia; o, flexor of the tar-
sus; m. retractor of the tarsus
and claws (c/).—After Graber.
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strenntlu'nod by hollow roils culk'tl '* vlmus;" tli<.*ir bniiu-hes

being till'
*' vemik's." TIrtc are in the wings of most insects

six main veins— i.e., the costjil, the subcostul,

median, subinedian. internal, and anal. They

are hollow and usually eontiiin an air-tube,

and a nerve often accompanies the trachea in

the principal veins. The arterial blood from ^

the heart (iis seen in the cockroach by Mose-

ley) ilows directly into the costal, sul)costal,

miMlian, and submedian veins; here it is in

part aerated, and returns to the heart from

the hinder edge of the wings through the

liinder smaller branches and the main trunks

of the internal and anal veins. So that the

wings of insects act as lungs as wi'U as org:ins

of night. For the latter purpose, the prin-

ci})al veins are situated near the front edge

of the wing, called tho custa, and thus the

wing is strengthened where the most strain

comes during the beating of the air in flight.

The wing of an insect in making the strokes during flight

describes a figure 8 in the air. A fly's wing makes 330

revolutions in a second, executing therefore (JGO simple

oscillations.

How Insects Breathe.—Insects breathe by means of a

comi)licatcil system of air-tubes ramifying throughout the

body, the air entering through a row of sj)iraclei5, or breath-

in.g-holes {s{i</niiif(i), in the sides of the body. There are

in locusts two pairs of thoracic and eight pairs of abdominal

spiracles. The first thoracic pair (Fig. '*) is situated on

the membrane connecting the prothorax and mcsothorax.

and is covered by the liinder edge of the pronotum (usmilly

called prothorax). The second spiracle is situated on the

posterior cilgc of the mcsothorax. There are eight abdominal

spiracles, the first one situated just in front of the auditory

siic or tympanum, and the remaining seven are small open-

ings along the side of the abdomen (Fig. 2). From these

Fiti. 18. — Foot-
triieUsof }trcrt>-

ii/ioriijt vrsj'ilto.

Niiliiral si/AV

—

After (JralHjr.
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spiracles air-tubes pass into the interior, sending branches

into every part and appendage of the body, including the

antennse, mouth-parts, and wings. There is thus aji intricate

system of air-tubes, the finer branches of which end in cells,

through whose walls the air passes out and mixes with the

blood. Moreover, certain trachea expand into large air-

sacs, of which there are in the locust nearly fifty in the

head; Avhile there are a few, but large, sacs in the thorax

and hind body which, when filled with air, serve to lighten

the body by increasing its bulk.

A B C

Fig. YI.—A, thoracic stigma of the house-fly: Sh, valve wiiich closes the open-
ing. B, C, diagrammatic figures of the internal apparatus which closes the
trachea, in the stag-beetle: B, the trachea open; in C, closed: St, tlie stigma,
with its grated lips: Ct, cuticula of the body-walls; Ffc, closing-pouch; VbUy
closing-bow; Vhu. closing-band; M, occlusor muscle.—From Judeich and
Nitsche, after Landois.

Fig. 17 represents at B and Cthe elastic "bow," "band,"

and muscle, said by Landois to act in closing the trachea,

so that pressure may be exerted upon the air within by the

muscles of the abdomen. It should be borne in mind that

insects breathe by the abdomen and not the thorax.

By holding the red-legged locust in the hand one may
observe the mode of breathing. During this act the por-

tion of the side of the body between the stigmata and the

pleurum contracts and expands; the contraction of this

region causes the spiracles to open. The general movement
is caused by the sternal, moving much more decidedly than

the tergal, portion of the abdomen. Wlien the pleural

portion of the abdomen is forced out, the soft jjleural mem-
branous region under the fore and hind wings contracts, as
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ilo the tymiiamim and the nu'inbraiious portions at tho

base of tho liiiul li'<rs. WIrmi tlio ter<runi or (lors^il purtioti

of tiio nhiloinrn falls and the pleuruin contraets, the t^pir-

aoles open; tlieir opening is nearly bnt not always exactly

co-ordinated with the contractions of tiie plenrnni, but

us a rule it is. There were sixty-fivo contractions in a

minute in a loeust wliicli liad been lield Itetween the lingers

about ten minutes. It was noticed that when the abdomen
exi)anded, the air-sjics in the first abdominal ring contracted.

The air passes into the spiracles during the expansion of the

abdomen. In most insects, says Plateau, only the expira-

tory movement is active; ins})iration is passive, and effected

by the elasticity of the body-walls.*

It is evident that the enormous powers of flight possessed

by the locust, especially its faculty of sjiiling for many hours

in the air. are due to the presence of tiiese air-s;i<-s, which

float it up in tlie atmospheric sea, increasing the bulk of

the body, without rendering it iieavier. Other insects with

a powerful flight, as the bees and flies, have well-develoiud

air-sjics, but they are less numerous. It will be seen that,

once having taken flight, the locust can buoy itself up in

the air, constantly tilling and refilling its internal Inioys or

balloons with little muscular exertion, and thus lie borne

along by favorably winds to its destination. It is evidmt

that the process of respiration c;in be best carried on in

clear, sunny weather, and that when the sun sets, or the

weather is cloudy and damp, its powers of flight are less-

ened, owing to the diminished jiower of ri'S[)iration.

The Senses of Insects.— It is dillioult to explain many of

tlie actions of insects, from tlu- fact that it is hard for us to

apprct'iate their instincts and general intelligence. Tliat

they have sutlicient intellectual powers to enaltle them to

maintain their existence may be regarded as an axiom, lint

i'.iseets ditTer much in intelligence, and also in the degree of

})erfection of the organs of sense. The intelligence of in-

* See ^liall and Denny's "The Cockroach,*' p. 168.
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sects depends, of course, largely on the development of the

organs of special sense, especially those of sight and smell.

There are in nearly all insects two kinds of eyes, the simple

and the compound. Of the simple eyes there are usually

three, arranged, as in locusts, bees, etc., in a triangle on the

top of the head. There is a single pair of compound eyes.

The simple eye, or ocellus, consists of a single smooth, shin-

ing, convex area, called the cornea or facet, while in the

compound eyes there are many facets, which can be seen

k f

Fig. 18.—Longitudinal section of the faceted eye of a moth. /, the rod-like
endingr of the optic nerve-fibres; k. crystalline lens; sn, optic nerve; ti\

trachea lost in fine flbrilla" ; ;', ch, retina.—After I-eydijr, from Graber.

with a hand-lens. The compound eyes, which are usually

round and very prominent, differ much in size and the

number of facets, the latter varying from, fifty, as in the ant,

to several, even twenty, thousand, as in certain beetles.

Tlie structure even of the simple eye is too complicated

for description here, but the essential parts are: the cornea.
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tlu' rry.stallint' coiic. the retina, ami tho optic- m-rvo. Il<>\v

an insect sees is nut well nndersti>ni|; but

the corneal lens act^i like an ordinary

glass lens to condense the light, or form

au image of a moving body, eitiier of

wliich, as the case may be, falls upon the

cone behind the lens. This cone had

been found by Mr. Patten to be rich in

extremely tine nerve-threads, the ends of

one of the fibres whicli unite to form the

optic nerve. It is thus highly sensitive.

The crystidline coue then, as Patten ob-

serves, is tiiat part which is sensitive to

the light or perceives objects. The retina,

a mass of black pigment-cells enveloi)ing

the ends of the cones and their st;ilks or

rods, and further com})rising, as llickson

thinks, all that part of the eye lying be-

tween the crystalline cones and trueojitic

nerve, is of use, especially in the com-

pound eye, in elaborating and combining

the sensations formed in the cones. Now
the com])ound eye is sim})ly, so to speak,

a comi)ound simi)lei'yc: not, as used to be

thought, a collection of simjileeycs joined

togetiier. The compound i-ye grows out

of, or is *' dilTi'icntiated " from, a sim])le

eye; it is, as Patten sjvys, **a modilii'd

ocellus;'' and this observer concludes that

the majority of compound eyes are adapted " for tlie per-

cejition of inverted images formed by the corneal facetv>!

upon the crystalline cones." Of course, as with us, tlie

etfect upon the insect's mind is that of seeing a single object.

Experiments by Plateau on the simi>le eyes of centipedes

show quite decidedly tliat these creatures can do little more
than distinguish light from darkness; they do not make out

the form of objects, though some can perceive the more

#
Fio 10. — Different
forms of coiupoiiiiil
eyt's. A, a biiK
(ryrrluTcoris): H.
wi'i litT Ih'<'; C, drone;
/'.nialf Hibio —From
Judeii-li uiiil Nitsclie.
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obvious movements of bodies. On spiders, which do not

possess compound eyes. Plateau has experimented, and he

quite fully proves tliat in general they are near-sighted,

only perceiving at a distance the displacement of large

bodies; while the hunting spiders (Attidse and Lycosidas)

are probably the only kinds which see the movements of

small bodies, and that only at a distance of between 2 and

20 centimeters (.80 to 8 inches); while the distance at which

their prey is seen well enough to be captured is from 1 to

2 centimeters (.40 to .80 inch); and he adds, even at this

distance spiders cannot see distinctly, because they often

miss grasping their booty.

It is so with all larvfe, grubs, and caterpillars, as well as

such perfect insects as do not have compound eyes; they

can only tell daylight from darkness, and indistinctly see

moving objects near at hand.

Even insects with compound eyes have a less perfect

vision than formerly supposed. Both Exner* and Plateau

have discarded the mosaic theory of vision, and the latter

claims that insects, such as flies and bees, see the outline of

objects indistinctly, and only when in motion. Plateau ex-

perimented in the following way: In a darkened room, with

two differently shaped but nearly equal light-openings, one

square and open, the other subdivided into a number of

small holes, and therefore of more difficult egress, he ob-

served the choices of opening made by insects flying from

the other end of the room. Careful practical provisions

were made to eliminate error; the light-intensity of the two

openii)gs was as far as possible equalized or else noted, and

no trees or other external objects were in view. The room

was not darkened beyond the limit at which ordinai'y type

ceases to be readable, otherwise the insects refused to fly (it

is Avell known that during the passage of a thick cloud in-

sects usually cease to fly). These observations were made on

* Exner finds that the focus of a corneal lens in thecompo\nid eye
of Hj^drophilus is about 3 mm. away, and some distance behind the

eye. (Miall and Denny's " The Cockroach," p. 105, note.)
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insects both with iiiul without ocflli, in addition to the com-

pound eves, and with the same results.

From ii'pi'attil experiments on Hies, hees, etc., butterflies

and nuAhs, draij:on-llie.s and beetU's, IMateau concludes that

insects with compound eyes do not notice differences in

form of openings in a half-darkened room, but fly with

equal readiness to the apparently easy and apparently diffi-

cult way of escaite; that they are attracted to the more

intensely lightened opening, or to one with apparently

greater surface; hence he concludes that they cannot dis-

tinguish the form of objects, at least only to a very slight

extent, though they readily perceive objects in motion.

It is well known that honey-bees on leaving their hives

fly about as if making out the form of objects near their

home, and, after thus taking in the landmarks, can after a

few flights make a bee-line from a distance to their hives.

Whili' this wonld seem opjwsed to the result of Plateau's

experiments, it may be sjiid that a very near-sighted man

can find his way home; objects even perceived very indis-

tinctly serving to guide him. Insects also witliout «'.oubt

distinguish the dilference in color of objects; it is well known

that butterflies will descend from a position high in the air,

mistaking white bits of paper for white flowers; while, as

we have observed, white butterflies (Pieris) ]u-efer white

flowers, and yellow butterflies (Colias) appear to alight on

yellow flowers in preference to white ones.

Until further experiments are made, it seems probable,

tlien, that all insects do not have acute sight, tiiat they sec

objects best when nu)ving, and on the whole—except dnigon-

flies and other predaceous, swiftly flying insects, such as

certain flies, wasps and bees, which have very large roundeii

pyes—insects are guided mainly rather by the sense of smell

tlian that of sight.

Some insects can only detect light from darkness: while,

to go to the other extreme, a few may see "with clearness

and precision, by means of inverted images, either a land-

scape or small neighboring objects." "We may add with
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Patten: " The difference in vision is due more to the powers

of association than to variation in the structure of the eye"

("Eyes of Molhisks and Arthropoda," Naples, p. 699).

It is now generally agreed that the olfactory organs are

situated in the antenna?. This has been experimentally

proved. When the antennae of insects which show a decided

dislike to strong or disagreeable smells, such as the odor of

carbolic acid, oil of turpentine, or vinegar, are removed,

the actions of the insects operated upon show that they are

not affected by such smells; insects fond of decaying flesh

do not run or fly toward it when deprived of their antennae,

nor are they, after losing their feelers, able to go to their

mates. As Forel says, in many insects which are guided by

sight, such as dragon-flies and cicadge, the antennas are

minute, rudimentary, and do not have the sense of smell,

though the cicada may be guided by the sense of hearing.

The organs of smell, according to Hauser, consist, in in-

sects,—i.e., all Orthoptera, Pseudoneuroptera (i.e., white

ants, Perlge, Psoci, dragon- and may-flies), Diptera, and

Hymenoptera, also in most Lepidoptera, Neuroptera, and

Coleoptera,

—

1. Of a thick nerve arising fi'om the brain which is sent

into the antcjinte.

2. Of a sensitive apparatus at tlie end, consisting of

staff-like cells, which are modified hypodermis cells, with

which the fibres of the nerves connect.

3. Of a supporting and accessory apparatus, consisting of

pits, or peg- or tootli-like projections filled with a serous

fluid, and which may be regarded as invaginations and out-

growths of the epidermis. These appear as microscopic

pits and teeth, usually situated at or near the end of the

antennae. The number of these olfactory pits and projec-

tions is sometimes enormous. In the European cockchafer.

(Melolontha vulgaris) -JP.OOO occur in the leaves of the male

antennae, and about 35.000 in those of the female (Fig. 20).

In Vespa crabro eacli joint of the antenna (flagellum) pos-

sesses between 1300 and 1400 pits, nearly 60 teetli, and
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about 70 tiictili' hima; on tla- tcrniiiml joint tlu-iv are

more than 200 tt-fth, so that each antenna has between

13,000 and 14,000 olfactory pits and about 700 teetli.

Si

Fio "20 -Organs of sni.ll in Meloloiitlia. n, olfactorv orantennal nerve; «•. pan-

Klioii-cells from which a thread-like nbre is sent to each pit i j<i. eudiug iu a

hair or style («(;; in, olfactory uieiiibraue.—After Kraepeliu.

Similar pits occur in the long, jointed anal stylets of the

cockroach, and in those of certain flies (I'hrysopila).

Plateau, as well as Will and Forel, deny that the palj.i

have the sense of kiste, but maintain that they are simply

orj^ans of touch; Forel appears

to have experimentally proved

this by cutting olf the palpi

of wasps and ants, and feed-

ing them with meal with which

quinine and m(n-i>hine had p,Q gi.-.^.K sense-onranson theab-
l-w^.nn niiviwl wliioli fliov cfiU domiiial ni.i>fi"lni:es ..f a flv ((.'hr)-
been mixeti, wnun iney stiu

g„pii„,. ,.'„' similar j.it in last joint

rejected, though they would of palpus of Peria.

eat pure, unadulterated meal. Yet in the end of the juilpi

of IVrla we have found a sense-pit (Fig. ~1. c).

Little is positively known of the org-jius of taste. V)ut the

researches of F. Will show that wasps and bees aiT provided

either with microscopic pits or gohlet-like ]>rojections on the

base of the ligula (which forms the end of the under lip),

as well as on tlu- under side of the maxilla. The gustatorv
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nerve ends on the surface, and is thus accessible to direct

chemical stimulation, while the parts can be washed with

the saliva. The supply of hooks and bristles on the skin

partly retains the saliva for cleansing purposes, and partly

defends the delicate ending of the nerves. All these pits

and goblets are situated where they come in direct contact

with the food. Forel, basing his opinions on the observa-

tions of different anatomists as well as his own, thinks that

the organs of taste occur in the proboscis of flies; in the

maxillae, and in the end of the tongue, of ants; and in the

palate or epipharynx of bees and beetles.

While most insects appear to be deaf, certain organs which

are generally considered to be ears are well developed in

the locust, and we think that the sense of hearing must be

present, not only from the fact that a loud alarum with

kettles and pans affects them, but because the movements
of persons walking through the grass invariably disturb

them. Besides this, they produce a fiddling or stridulating

sound by rubbing their hind legs against their folded wing-

covers, and this noise is a sexual sound, evidently heard

and appreciated by individuals of the other sex. Any insect

which produces a sound must be supposed to have ears to

hear the sound produced by others of its species.

The ears (or auditory sacs) of the locust* are situated, one

on each side, on the basal joint of the abdomen, just be-

hind the first abdominal spiracle (Fig. 22). The apparatus

consists of a tense membrane, the fi/nipnnnni, surrounded

by a horny ring (Fig. 22). "On the internal surface of this

membrane are two horny processes (o, n), towliich is attached

*Forel, however ("Recueil Zoologique Suisse," 1887), denies that
these tympanic organs are necessarily ears, and thinks that all insects
are deaf, with no special organs of hearing, but that sounds are heard
by their tactile organs, just as deaf-mutes perceive at a distance the
rumbling of a carriage. BiU he appears to overlook the fact that
many Crustacea, and all shrimps and crabs, as well as many mol-
lusks, have organs of hearing. The German anatomist Will
believes that insects hear only the stridulation of their own species.

Lubbock thinks that bees and ants are not deaf, but hear sounds so
shrill as to be beyond our hearing.
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ail extrenit'ly tk'liuate vesicle {hi) filK'd with a tmiiHiiirent

fluid, and representing a membranous laltvrintli. This

vesicle is iu connection with an auditory nerve {n) which

Fio. ii. -K;ir of a locust (Caloptenus italicn.<\. st-eii from the inner side. T,
tympanum; T/x, its border; o, u. two horn-like processes; hi. jn-ar shajied
vesicle; n. auditory nerve; gn, terminal ganglion; st. stigma; m. 0|«eiiiiig. and
m' closing, muscle of the "same; M, tensor muscle of the tympanum mem-
brane.—After Qraber.

CAZ-

t'lQ. -S.—I, fore tibia of a European grasshopper (MeconemaK containing tli..

ear: Ty. tymi>aimin or outer memlirane; 7VI, Ti'i. traohe.i II. diagram-
matic cros^-seotion through the til>ia and ear of the sjimi' T;.. tympanum;
'^f. cuticula; CM. hypoderiiiis: A. tlie auditorv organ iv>i t .: tig with the
tympanum: B. supi-a-tympaiial auditory organ ; (iZ, the g!iiigiii>ii-e»'|1 U-jong-
ing to them; Hat. the auditory rotl connecting with the ganglion-cells —Afte'
'ii-aber, from Judeich and Nitische.
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arises from the tliird tlioracic ganglion, forms a ganglion

{ga) upon tlie tymjjanum, and terminates in the immediate

neighborliood of the labyrinth by a collection of cuneiform,

staff-like bodies, with very finely-pointed extremities (primi-

tive nerve-fibres ?), which are surrounded by loosely aggre-

FiQ. 24.—Musical apparatus of cricket, a, a. tracheal tube; 6, rasp or ridge
bearing vibratory flanges; d, resonant surface, with ridges.

gated ganglionic globules" (Siebold's " Anatomy of the In-

vertebrates"). In the green grasshopjoers, katydids, and
their allies, the ears are situated on the fore legs (tibia?),

where these organs can be found after a careful search (Fig.

23).

Having ears to hear, locusts, grasshoppers, katydids, jyid

crickets are also very musical. One may sometimes see the

red-legged locust standing on the gi-ound and rubbing one
leg against tlie folded wing, and a shrill chirruping noise

may be heard. The noise is

made by a row of dull spines

on the inside of the femur,

forming a rude file which

rasps the wing. Certain

grasshoppers, as the katy-

did and the crickets (Fius.

24, 25), have on the under

side of the ttppermost of the

fore wings a sort of file which Fm. 25.—Enlarged view of the vibratory
1 , J,

flanges seen at />', Fig. 24.—Tliis and
rubs over a resonant suriace, Fig. i9 after n. b. Pierce.

like a drum's head. The file may be likened to the bow, and
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the druni-likc spac-t' to tlu' Intdy of the violin. 'I'liu.-^, most

gr}isslioi){>t'r.s are fiddlers, and durin;,' the sununer, both bv

day and ni;^lit, the air resounds with the music of these

primitive violinists. This uoise may add to our i)leasure, or

become tedious and disjigreeable. This makes little differ-

ence, for insect-music is all-important. It is the cricket's

love-call; and were Crickets, etc., deaf and dumb, we are

sjife in sjiying the breed would soon run out, because they

would not otherwise readily mate.

Insects also have the sense of touch highly developed; its

seat is in the numerous hairs and bristles which clothe tlie

antennit' and pali)i, as well as the legs and the body itself.*

The hairs of insects form an interesting subject for micro-

scopic study, since they vary so much in shape. The simplest

are seen in the smaller caterpillars, and the larger naked
kinds, in which the hairs are minute and very slemler;

w'hile in the hairy species, as the arctians, they are densely

barbed; in certain caterpillars, as those of the maia. io, and
the native silk-worm moths, the hairs are spiiu'-like, with

sharp spinules, and are poisonous, having at their base a

minute poison-gland. Hairy or sjtiny caterpillars are not

eaten by birds, or so easily molested by ichneumon-flies.

The hairs sometimes become flat and broad as in the scales

of moths and butterflies, as well as certain flies and beetles.

* To oxamino the lu-iuls uf insects in order to watcli the movements
of tlu- appi iidaircs ami moulhparts, we may somctiiucs fullow with
uttvantatrc Mr. E. T. Draper's recommendation of usinir a cone of
ptisted paper to be madt' rather hirirer than the specimen, with the
ape.v cut olf. .V viironius insect will soon jiroject its iirad throuph
tile aperture. When in tins positiiHi it .slioulii he hlo( ked heliind

with cotton wool sliL^htly welted. The cone can then I'c irummed
to a slip, ape.\ upward. Insects held in this way will allow one to

observe the movements of the antenna*, palpi, jaws, etc . and the
effects produced by excitation with saccharine or nilrotrenovis lluids,

administered with a sable pencil. {Scienct-Gositij), l!S!:<4, 26.)
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GROWTH AND METAMORPHOSIS OF INSECTS.

Insects are of distinet sexes, and besides males and fe-

males the social species, such as ants, wasps, and bees, are

largely represented by workers, which are undeveloped

females, not being normally capable of laying eggs.

Insects differ sexually in that the female often appears to

have one abdominal segment less (one disappearing during

the semi-pupa state, when the ovipositor is formed). They
are also larger (except in the stag-beetles, some dragon-flies,

and certain bees), fuller, and duller-colored than the males;

while the latter often differ in sculpture and ornamenta-

tion and are more active than the females. Certain female

moths are wingless,* the organs of locomotion as well as of

smell (antennae) and sight being better developed in the

male than in the female. The females of some water-beetles

(Dytiscus) have deeply-grooved elytra, or, as in Acilius

sidcatns, they are thickly set with hairs.

Egg-producing Organs.—With some notable exceptions

(i.e., cases of parthenogenesis), all insects develop from eggs,

which are formed in delicate tubes situated in the abdomen,

as in Fig. 4, ov. In the locust the ovaries consist of two

sets of about twenty long tubes, within which the eggs may

*The only partial exception to the rule that the females are wing-
less while the males are winged is the male of two chalcids (West-
wood's Class. Insects, ii. 160). This fact was ((noted by Darwin
(Descent of Man, i. 264). Darwin seems not to have been .iware that

Newport tigured these insects (Trans. Linn. Sttc, xxi.. Tab. VIII. p.

4) as Anthophorabia fasciata Newport and A. retusa Newport. The
males also are without compound eyes, onlj- a simple eye being
present in place of each compound one (Fig. 26).



QROWTil Ayn METAMOni'llOSlS OF IySECTS. 33

be found in various stage's of devi'lopiiu'ut. Tlie oj^gs )»ass

in two main tubes which unite to form the siii<:le ovi(luet

{ov.t) whieli lies ou the lloor of the altdduu-n. Above

A B

Fio. ild.—Anthophorabia rrtiisa. A, male; B, female.—After Newport.

the Opening of the oviduct is the sebific gland and its duct.

This gland secretes a cojiious supply of a sticky fluid, which

is, as in many other insects, poured out as the eggs pass out

Fio. 27.—Eppr-tube of a saw-fly (AtlialiaV a. b. c. epg-tnbe.<: e. oviduct;/, sper-
matlieca or reservoir for the seminal fluid; i/. poison-sac. and its secretory
vessels (h); 10, the last nerve-centre of the nbilomen.—From Newport.

of the oviduct, thus surrounding them with a tougli coat

(compare Fig. •,>:).
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The external parts consist of the ovipositor (Fig. 1, B),

which is formed of two pairs of spines {rhabdiies) adapted

for boring into the earth; and of the egg-guide (Fig. 4, eg),

a triangular flap guarding the under side of the opening of

the oviduct.

The eggs are fertilized while in the oviduct during pair-

ing. The sperm-cells are secreted in little glands in the

Fig. 29.—f, testis; v, vas
Fig. 28.—Male glands of a Bark-beetle, si, vas deferens;gi, seminal vesicle
deferens; ho, testis; bl, sperm-sac; ag, ductus of Acheta campestris.—
ejaculatorius.—From Graber. From Gegenbaur.

male called testes, which form a single mass of tubular

glands, resting in the upper side of the third, fourth, and
fifth segments of the hind body. Figs. 28 and 29 represent

these structures in other insects.

The Egg.—In shape the eggs of insects are usually either

more or less spherical or oval. The shell which envelops

them is called the chorion. It is dense and brittle, and
often covered by a delicate mosaic-work of more or less

regular facets. In those of many moths the surface is finely

granulated, while in those of most butterflies the surface is

beautifully ornamented with ribs and furrows.

In some eggs there are radiating appendages at one end,

as in those of ISTepa (Fig. 30, o), which surround the micro-

pyle; this being a microscopic opening through which a

spermatic particle enters to fertilize the egg.

The mosquito lays its slender cylindrical eggs glued

together in a boat-shaped mass, whicli floats on tlie surface

of pools or cisterns; the Copris beetle, or '* tumble-bug, ''
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places its t'gj,' in the centre of a ball of duug, which it rolls

away to a secure place; the flesh-tly oviimsits on fresh or

h i k I

^ §..^1X4
tn n o p q r s

Kir..30.— Ejrirs of ilifferetii insects. <i.Tortris; 6, Lii>!iiis: <. a noctuid, Trachea

;

li. usual siuipr of those of bark-boivr. eto.; e, Melolouilia; /. Chiroiioiuus: j;.

Lyda; /i. Musoa: i, honey-bee: A, Rhodites rosa*: J. Clirysopa; m, Drosonliila;

n, Pentatoma; <>. Nepa; />, Pieris crata-pi; q, bed bug; r. louse, fastened to a
hair; s, Hypoderina actajon, bot-fly.—From Judeich and Nitsche.

putrid meat, and moths and butterflies lav their eofgs on

the leaves or stems of the food-])lant, where the caterpillar,

upon its exit from the egg, shall readily tind an ample

sujiply of food.

No collection of insects is complete without s]X'eimens of

the eggs neatly gummed on a card and pinned next to the

insect.

Growth of the Insect within the Egg—The germ or

Fio. ."11.—Section of Sphinx
einhrvo. the j;erni ini-

inersiHi in the yolk. .<,

serous membrane; urn,

amnion; /i. outer, m, in-

ner, germ-layer.

FiQ. ,30 —Em)>ry'> of sphiux iituch more advanced,
/i. heart; ;/. ganglion; i". intestine; m. rudimen-
tary nuiscular bands running to the heart;*,
stigma and beginning of a trachea i^; d. a
gland—This and Figs. $^ and 34 after Kowalevsky

young insect before hatching is called the enibri/o. and the

st\uly of the growth or development of the embryo is called

Euibryohgy.
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There is a remarkable uniformity in the mode of develop-

ment of the wingetl insects. In general, after fertilization

of the egg, a few cells ajjpear at one end of the egg; these

multiply, forming a single layer around the egg, this layer

constituting the blastoderm. This layer thickens on one

side of the egg, forming a whitish patch called the primi-

tive streak or land. The blastoderm moults, sloughing off

an outer layer of cells, a new layer forming beneath; the

\^

-^5••K

\ -i^
A k

r
if

al

Fig. 33.—Primitive band or Fig. 34.—Embryo of a Water-beetle {Hydro-
germ of a Sphinx moth, philus\. E. e^^; K. head: oh upper lip; m,
with the segments indi- mouth; an. antenna^: fcj. mandililes; A-j, fcs,

cated, and their rudiment- maxillas; i?. thorax; />,, 6o. ?);. legs; /i,-7i]o.

ary appendages, c, upper ten pairs of rudimentary abdon)inai legs, of
lip; af, antennae; mrf, man- which all except fc, disappear before the in-
dibles; mx, mx, first and sect hatches; o, anus.—After Kowalevsky.
second maxillae; I, I', I",

legs; al, abdominal legs.

skin thus thrown off is called the serous membrane; the

second germ-layer (ectoderm) then arises, and a second

membrane (called amnion, but not homologous with that of

vertebrates) peels off from the primitive band just as the

appendages are budding out, so that the body and appen-

dages of the embrvo insect are encased in the amnion as the

hand and fingers are encased by a glove. As seen in the
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iicrornpaiiyiriij Fi<rs. :>1 -:](». the aiip(,'iula<.^'s bud out fruui

tlie uiulor side of the primitive l>aM(l,aii(i antouna', jawtJ,

legs, ovipositor (or sting), and the abdominal feet of aiter-

pillars are at first all alike. Soon the appendages begin to

assume tlie form seen in the larva, and just before the

;..h

Fio. 35. — Profile view of embryo
Honey-bee. lettering iis in Fij; 31.

/>'.V, iiervous oonl: u(r. brain: l>.

digestive eiiniil: .<r/i, tlie ti'Suphiifrus;

•Sf, s(i;;ni:ilal openings of tiie tra-

cheal system; K, heart.—After Bliit-

sohli.

Fio. 3«).—Embryo of tli>' l,<aise. am,
serous nienibranc: dl'. amnion: a*.

antenna-: vk. forelipji.l.— After Mel-
nikow.

insect hatches the last steps in the elaborar.-'n "i" the larval

form are taken.

As to the development of the internal organs, the nervous

system first originates: tlic alimentary canal is next formed:

and at about this time the stigmata and air-tubes arise as
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invaginations of the outer germ-layer. The deyelopment of

the salivary glands precedes that of the urinary tubes; which,

with the genital glands, are originally offshoots of the

primitive digestive t;-act. Finally the heart is formed.

When the insect hatches, it either cuts its way through

the egg-shell by a temporary egg-cutter, as in the flea; or

the expansion of the head and thorax and the convulsive

movements of the body, as in the gi'asshopper, burst the

shell asunder. The serous membrane is left in the shell,

but in the case of grasshoppers the larva on hatching is

still enveloped in the amnion. This is soon cast as a thin

pellicle.

Metamorphosis of Insects—The Larva.—The life of the

insect may be divided into four stages, represented by the

egg, the larva, the pupa, and the imago or adult. The
change from the Qgg to the adult is called a metamorpliosis.

The larva (Latin larva, a mask) was so called because it

was thought to mask the form of the perfect insect. The
larva of a moth or butterfly is called a caterpillar; that of a

beetle, a grub; and that of a fly, a maggot. The larvse of

other groups have no distinctive common names.

The principal change from the larval to the adult locust

or grasshopper is the acquisition of wiugs. In such insects,

then, as the Ortlioptera and Hemiptera, in which the adults

differ from the newly hatched larva mainly in the possession

of wings, metamorphosis is said to be incomjilete. Its

development is direct. In the beetle, fly, butterfly, or bee,

the metamorphosis is complete ; the caterpillar, for example,

is a biting insect, is voracious, and leads a different life

from the quiescent, sleeping pupa, or chrysalis, which takes

no food; on the other hand, the imago, or butterfly, has

mandibles, which are rudimentary and incapable of biting,

while the maxilla, or ''tongue,'' which was rudimentary in .

the caterpillar, becomes now greatly developed; and the but-

terfly takes liquid food and but little of it, while its surround-

ings and mode of life are entirely changed with its acquisi-

tion of wings. Thus the butterfly leads three different
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lives, ditfi'iiiiggivatly in stnictuiv, rxteriially ami iiiU'riuilly,

at these three periods, and witli a different environment.

^fosteaterpiUars in(»ult four or Ove times;* tlie outer hiver

of the skin being cast off at each moult. The skin opt-ns

on the back behind the head, the caterpillar drawing itself

out of the rent. In the change from tlic caterpillar to the

clirysalis, there are remarkable transformations in tlie mus-
cles, the nervous, digestive, and circulatory system, induc-

ing a change of form, external and internal, characterizing

the different stages in the metamorphosis.

While the changes in form are comparatively sudden in

flies and butterflies, the steps that lead to them arc gradual.

How gradual they are may be seen by a study of the meta-

morphosis of a bee. In the nest of the humble- or hoiu'V-

bee, the young may be fouml in all stages, from the vg^^ to

the pupa, giiyly colored and ready to emerge from it^s cell.

It is dilKcult to indicate when the chrvsjilis stiiije besrins

and the larva sUige.ends, yet the metiimorphosis is more
complete— that is, the adult bee is more unlike the larva

—

than in any other insect.

The better way to understand how an insect tninsforms

is to rear :i moth or butterfly, a fly, and a bee or saw-fly

from the larva, closely observing each change. By thus

observing the transformations of moths, flies, anil beetles,

the popular opinion that the smaller flies and nu)thsare the

young of the larger ones will be seen to be an error; all

winged insects being adults, and fully nuiture.

* The caterpillars of most North Anurican butterflies moult four
times, but in cast- of liilirriiatioii live times, three linus lirinir a very
mre exception (I\i/r/ic, iii. 1(51). Mr. \V. Buekler sjiys tliat tlie

number of moults varies in ililTerent species. "I have myself made
sure that si.\ is the number for some and nine for others, as in the
case of Xold ri'Ntoniiliy (Ent. Month. Mag., July. lsso>. Mr. Edwards
adds that in two instances CnUoitamin pronutJift moulted but three
times, and he thinks that this .species varies in the number of moults
with the latit\ule or locality. Tt'lr4i poli/phemii.s nn)ulls four times,
iis does Attiirns iitlm bred in Enirland [Py»c/n\ iii. 171-174). Ilellius

records a variable number of moults (three to live) iu larv.i' of Orffj/ui

antiqua from the same batch of e^srs {Ent. Month. Mii-;., Sept., 15:$1,

p. 8«)
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The Pupa.—A few days (usually from one to three) before

assumiug the pupa or chrysalis state, the caterpillar becomes

restless, stops eating, deserts its food, wanders about, and

if it is a spinner, such as the silk-worm or certain other

moths, spins a silken cocoon; or if a borer, makes one of

earth or chips, and then prepares for the change to the

pupa state.

Cocoons are usually oval, and either compact and thick,

or loose and open like network. In the course of one

summer the beginner can collect a large number, and

realize how varied in form and structure the}'- are. They
are usually spun out of a silken thread. The silky material

is formed in the silk glands, two long tubes which lie on

the under side of the body of the caterpillar and open into

the under lip by a common duct; the little projection or

papilla out of which the silk passes is called the spinneret.

The silk is fluid before it is forced out, but becomes thread-

like on exposure to the air.

Before changing, the .body of the caterpillar becomes

shorter and thicker, and remains so for one or several days;

that of the saw-fly remains in this state through the Avinter.

During this period, called the semipupal stage, the pupa
develops, its skin separating from that of the larva.

It should be borne in mind that the skin is composed of

two layers; the under one

formed of cells and called the

hypodermis (Fig. 37), which
secretes the hard, chitinous,

structureless outer la3^er or

crust. The hypodermis of

the growing pupa tends more
and more to assume the shape

of the pupa, and the muscles

and other organs within

inlectrresemble cliange their shapo, until

finally the old larval skin rup-

tures along the back, and the pupa slips out of the rent.

the
Tlie

Fig. 37. — Cross section through
cuticula, C, and hypodermis, M.
setae or hairs. H, are articulated at
C with the cuticula; HZ. cell. The
poison-glands at
bristles of some
these.—From Judeich and Nitsche.
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The piqw of dilTiTi'iit insects vary <jrc:itly in form. In

tlie insects with an incomplete metamorphosis the piipu

only differs from the larva in having pad-like rudimentary

wings. In such insects development is direct, and j)roperly

s[)eaking they pass through no true larval or pupal stages.

Indei'd, some authors witli good reason apply the term

Ni/mj)h to the early stages of Orthoi)tera, white ants, may-

flies, dragon-flies, etc.; this term embracing wliat is usually

called the larval and pupal states of those insects, as during

tlicse periods they are active and take food.

The Imago.—This is the final or adult state, when the

wings are devi-loped and the insect is able to fly about

and lay its eggs. As soon as insects, such as moths or

butterflies, wasps or bees, have completed their transforma-

tions they pair, and the females seek a suitable ])lace to

deposit their v^g>i. After this act is accomplished, tlie

adults usually soon die. This period of rejiroduction may
occur at any tinu' durfng the summer, but, taking into

account the great mass of species, it in g neral occurs tt)-

ward the end of summer, and early in the autumn; hence

during the winter the species in most cases is represented

by the egg alone, l^irely does the a<lult insect hibernate;

though one will find a few ichneumons, beetles, ami l)ugs

under leaves and tlie bai-k of ti-ees; liut in many species,

especially moths, tlie i)Uiia hiliernates ti» disclose the imago

in the s[)ring or early summer. Larva' seldom live through

the winter, although there are some well-known exceptions

to this law.

When inst'cts are ))revented from mating, they will live

muclv longer than would be otherwise tlu> case. Keaumur
kept a virgin butterlly for two years in his hot-house. The
pupal state of moths and butterflies may be greatly pro-

longed by keeping the chrvsiUids on ice.

Parthenogenesis.—Besides the normal mode of develoj>-

ment, certain insects, as the plant-louse ( Jy/z/V). the bsirk-

louse {Coccus), the honey-bee. the Polistes wasp, the currant

«iw-fly {Xemafus), the g-all-flies, and a few otliers, pre-
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duce young from unfertilized eggs. Certain moths, as the

silk-worm moth {Bombyx mori) and others, have been

known to lay unfertilized eggs from which caterpillars have

hatched.

The most surprising case is that of the larva of a dipterous

gall-fly (Miastor), which brings forth numbers of young

maggots like itself, the eggs developing in the ovaries of

this precocious maggot. The pupa of another fly (Chirono-

mus) lays eggs from which the maggots hatch.

This anomalous mode of reproduction is called partheno-

(jenesis, and funda'mentally is only a modification of the

mode of producing young by budding which is universal in

plants, and is not unusual among the lower branches of

the animal kingdom. The object or design in nature, at

least in the case of the plant-lice and bark-lice, as well as

the gall-flies, is the production of large numbers of indi-

viduals by which the perpetuity of the species is maintained.

Broods or Generations of Insects.—Most insects live one

year; hatching from the egg early in the summer, they

pass through the larval state, and early in the autumn be-

come pupae, to appear as imagines for a few days or weeks

in the succeeding summer. Many moths and butterflies,

however, are double-brooded, and some have even three

broods. Papilio ajax has in West Virginia four and
sometimes five generations a year. There are other insects,

such as certain kinds of flies, bugs, beetles, etc., which
keej) up a constant and irregular succession of broods. On
the other hand, the seventeen-j^ear Cicada has a generation

only once in seventeen years.

Cold retards the development of insects, while warmth
stimulates it; and insects which are as a rule single-brooded

may be artificially forced into having a second brood dur-

ing the same season.

Contagious Diseases of Insects due to Animal and Vege-

table Germs.*—While many insects, especially the white

* For the latest resume of this subject see S. A. Forhes's article
" On the Present State of our Knowledge concerning Contagious
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ants and wootl-oatinji: kinds, are infested by hosts of ap-

])arently luirnik'ts microscopic parasites, botli animal and

ve«,a'table, tliere are certain si)ecies which ^ive rise to grave

contagious diseases. Thougli most of tliese minute para-

sites are vegetable, the common silk-worm is in Euroiie in-

fested by what Ualbiani regards as an animal. It is a very

minute parasitic AmaOja-like form (called Mi(ro!<poriilium

bvinbucis), belonging, according to Balbiani, to a group

called Sporozoa, and allied to the psorosperms occurring in

fishes, etc., and to the (iregarinas. The disease produced

by this organism is called ]>el>riue, its symptoms being the

appearance of black specks on the skin and internal organs,

while the blood is filled with the spores of the parasite.

This disease, however, is in this country practically un-

known, and Forbes believes that it probably cannot be

artificially cultivated or propagated in insects related to the

silk-worm.

Of the vegetable disease-germs, the most sinqile and

minute are the Bacteria, Bacilli, and ^licrococci. the dis-

eases they produce being called " bacterial." Tiie most

destructive of these to the silk-worm is variously called

fli'chcric, maludfe dvs ^^^^^ ^^ ^^
^^o

de, morls-ffa/s. The V^^o°^"°°° 0""° V-
germ of this disease, ^ °ooo ^^ o^^ ^o"

which is called Micro- ^

COCCUS ouiiioi/ris by C/Olin

(Fig. 38), is, like its allies, among the smallest organisms

known; it is a microscopic, oval mass of protoi)lasm, and

multi})lies very rai^idly by self-division, the new individuals

often forming chains. In this way a few genus introduced

into an insect will multiply with immense rapiility, finally

disorganizing the blood and tissues, and causing rapid decay

Insect Discuses" (BtpcJie, v., Jan.. Feb., 1888, 1). Sec also .Tudeich

ami Nilsehcs •• Leliibuch lUs .Mittelcuiopiiisehcu Forstinsekten-

kuiule;' the works of Qvi:Urrfa.ir«s and Pasteur ou the silk-worm

disease; aud Balbiani's " Le9uus sur les Sporozoaires," Taris, 1884
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and death. It is very contagions, being transmitted to

liealtliy larv^ by the infection of their food either with

fresh excrement or with the dust of infected silk-worm

nurseries of the ]3revious year. Forbes has studied the

flacherie of the caterpillars of Pieris 7'apcB and of Datana

ministra, and has shown that the spontaneous disease due

to a species of micrococcus ''maybe unquestionably con-

veyed to other lepidopterous species, and even to the white

grubs;" he has also seen wide-spread epidemics of flacherie

in the caterpillars of Pieris rapce, of Pijrameis cardui,

and of j\^ephe]odes violans, and has met with it here and

there in numbers of other caterpillars and hymenopterous

larvfe, as well as the chinch-bug; while from the researches

of Cheshire and Cheyne "foul-brood " in bees is now known

to be produced by Bacillus alvei.

The disease known as " muscardine/' often causing wide-

spread destruction to both larval and adult insects, is

caused by fungi, or moulds, which are often visible to the

naked eye. They are species of Botrytis, Isaria, Cordyceps,

Empusa, Entomophthora, etc. The spores of these moulds

enter the bodies of their hosts through the spiracles, being

inhaled, not penetrating through the mouth; their spores

also germinate on the surface of the body, sending slender

threads through the skin into the body; these threads

separate into small single cells (cylindrical "conidia"),

which, growing and dividing again and again, derive their

nourishment from the blood and tissues, the victim dying

a slow death, after which the body becomes filled with the

mycelial threads, which finally, as in certain species of Isaria

and Cordyceps, send up long filaments, more or less club-

shaped, when they are called " caterpillar fungi." A large

proportion of the flies and other insects in different stages

found in autumn dead and stiff on fences, weeds, trees,

and within houses, are victims of Entomophthora.

De Bary says: Should we carefully look in the leaves

and moss on the ground in forests in the wet portions of

the year, we should be astonished at the number of insects
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concealed in them wliieli are inle.sted by vegelaljle par.lsitcs.

The commonest example is the mould [f^ntjiusa iimscw,

Fio. 39.—Rntpiwn mxixav Colin. A. fi dead fly, siirrouiuii'd by spores: B,
spoivs; C, t:friniimting snori's forming secoiuiary sport's: />. enipii!«a cells
growint; jn tlu' fatli.vly of a flv: at E forming tiihi-s: F. partly liinirniinmaiic
rcpivst'titation of tlie- friuMitU-atioii : x. the skin of tlie flv: ;/. its liaii-s; at a the
spores beariiiR liynlia ends horint; thiontrh the skin: >>. the h> jilia tubes re-
niainiMfr in the boily; c. one not yet peiietratiiiK the skin: </. spot <s throw n •(!
from the body, and adhering to the hairs —After BrefeM, from Juileich and
Nitsche.

Colin, Fiix. o'.t). wliieh destroys the common house-Uy at

the beainniiio- of autumn.
The Destruction of Insect Pests by means of Insect Fungi.

—Wh.en insects so multiidy and abound in great numbers
as to become overcrowded, epidemics are liable to arise and
carry them off in great numbers. These insect plagues are
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apparently due in some cases to bacteria, in others to the

larger fungi. Forbes states that epidemics due to the

latter have been noticed among grasshoj)pers (CEdipoda

and Pezotettix); among vai'ious noctuid larvae—esjieciall}'

Agrutis segetnm in Europe, and some American cut-

FlG. 40.

—

Entomnphthorn radicanss Brefeld. A, caterpillar of Pieris brassicce
killed by it; a. the hyphfe arrowing: otit from it; B. the same at a later stage;
c, cross-section through H— .'ill the soft parts of the caterpillar are T-eplaced by
mycelium threads; A fruithyphjv: r. the spores: 7?, single spores; fr', a piece
of the skin, with spores, n. germinating and growing out at c; H. isolated my-
celium branches free-swimming in the cateri)illar's blood; J, branched my-
celial thread; A', resting-spores bearing mycelial threads, o, filled with proto-
plasm; at o' empty; at b he-ginning to develop; 6', ripe resting-spores; L,
ripe resting-spoi-es with a thiciv skin and fat-drops within.—After Brefeld,
fi'om Judeicli and Nitsclie.

worms; among the two European cabbage-worms {Pieris

rapce and P. hrassica>)', among various flies, the common
house-fly, blow-flies, Syrphidse, Culex, and even larval

Chironomus; and, finally, among CoccidiB and Aj^hides

{A. corni and A. rumici.s). According to Dr. Bail, in the
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forests of rouu'niuiii ami Poseii the caterjiillars have been

killed by l-Jnipusa uiilictB in such 4uaiititit*s as to have

saved the trees from total destruction. These Entoinoph-

thora forms are ditlicult to cultivate artificially, but in 1881

Hrcfeld cultivateil them in sterilized veal soup, and pre-

viously he experimented with theconidiaof Knlmnophtliord

nidiaiiis (Fi^. 4(»). applying them to I'^O cabbage cater-

pillars, with the result that 81 speedily died of the fungus

disease resulting. But the most hopeful results, Forbes

thinks, from the artilicial cultivation of vegetable insecti-

cides will attend the use of the muscardine fungi (Botrytis,

Isaria, and Cordyceps), since their spores and conidia "have

germinated freely again and again in sweetened water, in

sterilized beer-mash, in solutions of gelatine and of gum,

and may even grow to some extent in pure water. In

tliese the Botrytis stage arises, and may form its spherical

conidia in vast abundance: and these have been used with

perfect success for the infection of healthy insects in great

variety."

The question 1ms been asked: Cannot we propagate the

bacterial insect-diseases and utilize them as destructive

agents against insect-pests? Metschnikotf has. suggested

the feasibility of the cultivation of insect-bacteria, and the

application of the cultivated fungus in quantity to places

infested by these insects; and several years ju'eviously the

famous experimenter, Pasteur, recommended to the French

Phylloxera Commission to find a means of destroying the

Phylh^xera by inoculation with a microscopic fungus.

Balbiani finds that certain Bacilli when inoculated in tlie

blood of other insects kill them. Death follows in from

twelve to forty-eiglit hours, according to external tempera-

ture, the number and origin of spores, and the size, age,

and susceptibility of the subject. They die with all of the

symptoms which characterize //(fr//rrj> in silk-worms.

The practical difficulty in experiments in this direction

appears to be that, though the air is more or le^^s filled with

floating disease-germs, insects like other animals, and man
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himself when healthy and living under favorable conditions,

resist their attacks. Even if one or a few individuals were

inoculated, the disease might not spread. When, however,

insects are superabundant and crowded, and the conditions

favorable to any disease arise, the timely inoculation of even

a few individuals might result in the destruction of im-

mense numbers of insect-pests. Future experiments in

this direction may give a new phase to economic entomol-
ogy-

Unusual Increase in the Number of Insects.—It is fre-

quently noticed that certain insects abound in profusion

which are ordinarily rare or not common. This is due, as

we shall see farther on, either to favorable weather or to

the absence of their parasites. Thus canker-worms, the

Hessian fly, the chinch-bug, the cotton-worm, as well as

the Eocky Mountain and other locusts, may in certain

years become vastly more numerous, and consequently

more destructive, than in others. If all the eggs laid by

insects came to maturity, the earth would be overwhelmed

with them, and every green thing would be devoured. In

what a ratio insects might increase, were it not for these

natural checks, may be seen by the following statements.

Tomicus typographus in 1874, in the Boliemian forests,

had three broods. Judeich assumes that in the middle of

April the female laid in its maternal gallery 90 eggs; and
he therefore reckons that early in June at least 30 in-

dividuals became capable of reproduction. Each of these

30 females again lays in the maternal gallery 90 eggs, pro-

ducing also in all ^700 individuals; and by the beginning

of August of tlie third brood again, only a third part of

them being females, these would gnaw 900 maternal gal-

leries and lay in them 8100 eggs. Having reached this

number again, the next spring a third would be ready for

oviposition, so that there would be of the first brood in

April already 27,000 descendants of the single female which

flew about the preceding April, and which would be now
capable of laying 2,430,000 eggs.
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"In Krumaiu in the Bohemian forests, liave been

counted, cluriiig a period of great increase of lir bark-

beetles in these forests from 1871 to 18T5, in a portion of

bark a square meter in extent, from 140U to 4800 hirva"

(Judeic'h and Xilsehe).

Influence of Changes of Temperature on Insect-life.

—

IVriiaps chaiii^avs of temperature and unfavorable seasons

luive, next to the increasing competition or striiggk^ for

existence among insects, and the attacks of parasites, the

greatest effect in maintaining the bahince of nature, and
preventing the undue increase of destructive insects. Dr.

fShimer gives an account of an epidemic among tlie chinch-

bugs in Illinois, which "was at its maximum during the

moist warm weather that followed the cold rains of June
and the first i)art of July, 1805.'' Mr. C. Thomas claims

that the high temperature of 18.54, 18T1, and 1874, to-

gether with the diminished rainfall, furnishes the key to

the cause of the vast increase of chinch-bugs during those

years.* Wet weather is favorable and dry weather is nn-

favoral)le to the increase of the cotton-worm. In times of

drought the eggs dry and fail to hatch, the worms are en-

feebled, " web up" prematurely, and die in attemjiting to

transform into the chrysalis state, and when they succeed

the chrysalides decay. *' Nourishment and fecuiulity being

correlated, it is more than probable that the moths, poi>rly

nourished, will lay fewer eggs under such circumstances.

All the effects described are inteusitied and become most
marked during extreme drought, so that frequently at the

end of a dry s})ell, such as is not infrei[ueut in ,Iuly and
early August, not a worm can be found. A rainy scjison,

following such a spell, will produce a nu)st noticeable

change, "f

The Hessian Hy nourishes best in seasons when the

chinch-bug nourishes least. The hot, dry summer of 1881

* Aiiwr. Entotitohxjint. iii. 241.

\ KiU-y, iu Fourth Report U. S. Eutomologicai Commission. 84
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caused the pupa-cases or flaxseed to dry up, and even
destroyed the parasites.*

The canker-worm, tent caterpillar, and most larvae abound
less after wet and cool springs. The spring of 1885 was
unusually cold, rainy, and backward, and we noticed that as

the result the lack of caterpillars and other forest-insects,

as compared with the season of 1884, was very marked;
late in the summer and early in autumn there was a re-

markable scarcity of caterpillars on oaks, maples, poplars,

etc., while they were very abundant during the previous

autumn.
An English entomologist, 0. Gr. Barrett, in an excellent

article on the influence of adverse or favorable climatic

changes on insect-life, states that in the south of England,

after an unusually cold winter, with no thaws, moths be-

came unusually abundant for several following seasons. As
he remarks: ''I think there can be no doubt that in the

case of those insects whose mode of life includes the

capacity for hibernation, their constitution is greatly

strengthened, and their chance of arriving at maturity in-

creased, if the cold of winter is sutiiciently severe to induce

complete torpidity, undisturbed by warm and spring-like

weather at unseasonable times, and this may account for

the vast increase in numbers in species which hibernate

in the egg state; it also probably has a strengthening effect

on tliose which pass the winter as small social larvae under
a silken tent on the ground, or which, like NoctuaB, hiber-

nate in the larval state on the ground or among dead leaves,

and are tempted out to feed by every warm and genial

evening.

" On the other hand, there can be no doubt that mild

winters act directly to cause the destruction of both hiber-

nating larvae and pupje. in two ways. One is by encourag

ing the growth of mould, which we know attacks them as

soon as, from excess of rain or humidity, they become

*C. V. Riley, ^wier. iVa<., Nov. 1881, 916.
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sickly; the other by iRTiuitting the continued activity of

preduceoiis creatii res.

'* These are very numerous. Moles continue at work in

miki winters, instead of burying themselves deep in the

ground ; and mice are constantly active. These snudl

mammalia destroy great numbers of Lei)idoptt'n»us pupa?,

and tiiey abound in this district, as also do birds during

the winter in an extraordinary degree. As soon as severe

cold sets in to the north and east, the birds come down in

swarms to the open tields and sheltered hillsides of this

district, and it is hardly necessary to ])oint them out as

most industrious and persevering destroyers of larvae.

I'redaceous beetles and earwigs are generally on the alert

all through very mild winters; and although they probably

do not eat much at that time, and, indeed, are not very

plentiful in Pembrokeshire, they must destroy many larva?

and puine. having little else to subsist upon. But I believe

that the mischief done by all these added together does not

ecjual that done by the Onisci." *

In his work on bark-beetles Eii'hholl tells us that the

chief factors in the growth of these insects are good weather

a!id sufticient food. An unintcrruj)ted dry, and hou<t." hot,

summer checks the growth of the larva\ and retanls their

speedy development, and more often jirevents a repetition

of the broods than an uninterru})ted wet aiul cold spring

and summer. Hence on account of the grt-at heat and

drought many trees survive which otherwise would be in-

jured l)y the later broods of bark-beetles. The most favor-

able conditions for the increase of bark-beetles are doubtless

a warm early sjiring. a warm summer with frcfjucnt rains,

and a long mild autumn.

It is well understood in central Europe that great num-
bers of may-beetles die during a cold wet May. After an

exceptioiudly warm and dry summer and autumn we may

Psyche, iv. 83; abstract from Ent. Month. Mag., Juuc, 1882, 1.
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expect invasions of the northern army-worm {Ltucania

U)iipunet(i).

Periodicity in Insect-life.—As there may be a succession

of seasons favoi'able to the development of insect-life, so

there may be a corresponding increase in the numbers of

insects, until they abound to excess. In this way periodical

invasions of locusts happen the woi'ld over. A number of

successive favorable seasons may result in a greater number
of eggs of Leucania hatching, and the caterpillars nearly

all arriving at maturity, none dying from bad weather, they

abound in extraordinary numbers, and in great armies

march through grass-lands and wheat-fields in what seem

to us countless numbers. We thus realize how many vicis-

situdes await the caterpillars in ordinary seasons, and how
few pairs survive. Another striking case is that of the

spruce-hud Tortrix {T. fumifernna'), which for a number of

years destroyed the spruce and firs on the coast of Maine,

this species being rare and seldom captured either in the

larva or imago stage in other years.

Number of Species of Insects.—The insects number about

four-fifths of the animal kingdom, since it is estimated

that there are not less than from 200,000 to 250,000 species

in public and private collections. The Coleoptera are the

most numerous, there being 100,000 species known, 90,000

species at least existing in museums; of Hymenoptera and
Lepidoptera as well as Diptera there are not less than

25,000 species of each order; of Hemiptera about 27,000

species exist in museums, and Uhler sujjposes that the entire

number is nearly 50,000; the species of the smaller orders

would easily carry the total number of known species up to

200,000. As recently remarked by Dr. Sharp, probably only

from a fourth to a tenth of the existing species, of insects

are known; and as McLachlan has stated, it is not im-

probable that the number of species of insects now living

on the earth's surface will be found to be about 1,000,000.

The number of described species of American insects
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north of ^fexieo lius beeu stated by Mr. J. A. Liiitiier (188G)

to 1)0 as follows:

8iH-ci«-s.

Ilymcnoptcm 4450
Lepidoptera; Biittirtlits (Edwards's List, 1884, 614;

Scuddi I's estimate, 1887) 500
Larsjer Moths (Grote's Cheek List, 1882),

3184—additions since inakin.i,' ahout. . . 3271
Tineidit' (Chambers's List, 1878, not in-

eliiiied in Grote's List\ 779—4550
Diptera (Osten-Sieken's estimate in 1878) 2500
Coleopteradlenshaw'sListof 1885, 92:^; up to '88, 275) 9513
Hemipteni: lloinoptera (I'hler's estimate) 1200

Ileteroptera (Uhler's Check List, 1886). . . . 1448—2648
Orthoptera (Scudder's estimate) 450
All other orders, not estimated; perhaps KKK)

Total 25.111

CEdipoihi xanthoptera.



CHAPTER in.

CLASSIFICATION OF INSECTS.

Having examined the locust with the aid of the fore-

going description, the student should make his studies

comparative by carefully examining a cricket and a green

grasshoj^per. Then he might turn to the following de-

scrij^tions of examj^les or types of the order of white

ants, dragon-flies, hugs, beetles, flies, moths, bees, etc., and
as the result of his work he will be able to grasp the fact

that the species of insects, as a rule, have bodies composed

of seventeen segments, tvhich are arranged in three regions,

viz., a head, thorax, and hind body or ahdomen ; that the

thorax bears ttvo pairs of ivings, and three pairs ofjointed

or segmented legs; that they breathe by internal air-tubes

opening externally by spiracles, and that in growing they

either develop directly, or undergo a complete metamorphosis.

The class of insects is divided or classified into orders,

families, genera, and species, and the study of the classi-

fication of insects is called Systematic Entomology.

The class, as regards existing forms, is divided into sixteen

orders, as follows, beginning with the lowest or wingless

order, Thysanura, and ending with the highest or most
complicated group, the Hymenoptera.

CLASS INSECTA.
Jointed animals with a distinct twtid, iltorax, and abdomen; three pairs

of legs, and usualli/ two pairs of irings ; breathing Ini tracliea; usually
with a metamorphosis, viz., a larval, pupal, and adult stage.

Seuies I. Ametabola, or with au incomplete metamorpliosis.

Order 1. Thysanura.—AViugless, mimitc, willi a spriug, or ab-
domen cudiug in a pair of caudal stylets; usually no compound
eyes; no metamorphosis. (Examples: Podura, Campodea, Scolopeu-
drella, Lepisma.)
Order 2. Dermaptera.—Body flat; the abdomen ending in a for-

ceps; fore wings small, elytra-like; hind wings ample, folded under
the tirst pair. "(Forficula.)
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Order 3. Orthoptera —Wings ni-tviiiud; fort- wiii'rs imrniw,

straight, not oftin iis<il in flight; hind wings l.urgf, and foldttl w hi-n

at rest under the tlrsl pair; nietaiuurpliosis inconiplete; pupa aelive.

(Caloptinus. L<uiisia, IMiaiieroplora, Achcta )

Order 4. Platyptera.— Htidy usuallv liatltiied; pronotum usually

large and s<|uiiri'; uftun wingless. (Mallophaga or Itird-liee, Perhi,

I*s(KUs, white ants
)

Ordir 5. Odonata.—Prothorax small; remainder of the thorax

spherical; liotli jiairs of wings of nearly the sjime size, net-veine«l.

Larva and pu|)a aquatic; labium of the larva forming a large miusk.

(Agri.tn. Lilulliila. )

Order t). Plectoptera.—Mouth-parts nearly obsolete; wings net-

veined, hinder pair small, sometimes wanting; abdomen ending in

three lilaineiits. Larv;e aciuatic, with large jaws, and with gills on
the sides of the hind body. (Ephemera.)
Order 7. Thysanoptera.—Mouth-iiarts forming a short conical

sucker; palpi protiii; wings narrow, not veined, fringed; feet

bulbous at tlic iiid, without claws, ('riirips.)

Order .'\ Hemiptera.—Mouth-parts forming a sucking beak; pro-

thorax usually large; fore wings often thickened at base; pupa
active. (Coreus, C'imex, Arma, Pentatonui, Cicada, Coccu.s, Ajihis.)

!?i<:uiKs II. Metabola, or with a complete nulamorphosis.

Order D. Neuroptera — Wings net-veined; mouth-parts free,

adapted for biting; ligula large, rounded; pronotum large and
s(piare. Larva* often a(|uatic. (Corydalus, C"hryso|ia, Myrmeleon )

Ordir 1(1. Mecaptera.— Wings sonuwhat net-veined, t»r ab.scut;

head IcnglhcMcd inio a bcaklike projection. Larv:e like caterpillars.

(Panorjia, Horeu~.

)

Order 11. Trichoptera —Wings and body like those of Tiueid
uuitlis; mandilile> olisolete in ihe imago. Larva' usually aquatic,
living in cases. (Pliryganea.)

Order fi. Coleoptera.—Fore wings thick, ensheathing the hinder
pair, which are alone used in tiighl; mouth-jiarts free, adajited for
biting; nutamorphosis complete. (Doryphora, Prionus, Lucanus,
Harpalus, Ciciiidela.l

Order V.\. Siphonaptera.— Wingle.ss; mouth-parts adapted for suck-
ing. Larv;e maggol-like, but with a well-developed head and
niouti'.-parts. ( I'ulex.)

Order 14. Diptera —Oidy two wings; mouth-jwrts adapted for
lapping and sucking; a complete metamorphosis. (Musca, (Estrus,

Syrphus, Oecidomyia, Tipula, Culex.)
Order 1."). Lepidoptera.—lUuly and wings covered with scjiU-s;

maxillie lengthened into a very long tongue; larv;e icalerpillarst

with abdominal legs. (Tinea, Geometra, Noctua, Hombyx, Sphinx,
Papilio.)

Order ItJ. Hymenoptera —Wings clear, with few veins; mouth-
parts with a variety of functions, i.e., biting, lapping litiuids, etc.

In the higher families the thorax consists of Unw ."segments, the first

alidomiiuil segnu'nt of the larva being transferreil \o the thorax in

the pupa and imago. Metamorphosis complete. (Tenlhredo, Cynips,
Ichneumon. Sphex, Vespa. Apis.)
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Tabular View of the Orders of Insecta.

«H
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Metahola. Ametabola.

Thysanura
(Campodea).

Order I. Thysanxjra* {Spniig-tails and Bristle-tails).

The Thysanura are very primitive forms^ are all wing-

less, with usually simple eyes, and undergo no metamor-

phosis. They usually live in damp places under stones,

* Selected Works.

Gervaie, P., in AValckeuaer, "Hist. Nat. des Inscctes Apteres," iii.

377 (1844).

Haliday, A. H. lapyx, a new genus of insects, etc. (Trans. Linn.
Sof., London, xxiv., 1864).

Lubbock, J. Monograph of the CoUembola and Thysanura (Roy. Soc.

,

Loudon, 1873).

Meinert, F. Campodese, a family of Thysanura (Naturhist. Tids-
skrift, Copenhagen, 1865) (Swedish and Latin).

Nicolet, H. Recherclu'.'i sur les Podurelles (Neuchatcl, 1842).

Packard, A. S l^ristk'-tails niid Sjiring-tails {Anwr. Nat., v., 1871),
and " Our C'omninn Insects "

i iS73k
Synopsis of the Thysanura of Essex County, Mass. (5lh Rep. Peab.

Afad. Sc.. Salem, lb72).

TuUberg, J. F. Swedish Poduridte (Stockliolm. 1872).

CoUembola boreali (Roy. Swedish Acad., Stockholm, 1876).
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etc., though the bristle-tails })rc'fer warm and dry situations,

and either, as in the ('iniini, run swiftly, or, as in the

Poduridivs vigorously leap by means of a long appendage at

the end of tlie body, whic-h on being released throws
the insect liigh in the air. The higher members of the

order, as Camj)odea and SeolojieTidrella, are connecting

links between the true insects and the centipedes (J////-/n-

poda). In many Pod u rids the trachea^ are wanting.

Sub-order 1. CoUembola.—The spring-tails are degraded
forms, with the muutli-])arts quite rudimentary, and re-

tracted within the head, only the ends projecting. What
correspond to the anal stylets of Campodea and Lepisma
are in the Podurids united at the base and bent under the

hind body to form the spring, which is held in jdaee bv a

hook or Ivtutnihtiii ; on the under side of the hind body is

a sort of sucker [rulluphon), and as no other insects pos-

sess this singular api)aratus, the grouj) is named from it

ColhmboJtt, which means to throw out a sueker, so as to

adhere to surfaces. Their bodies are covered with scales.

These spring-tails occur everywhere under leaves, the

bark of trees, etc., and rarely live except in nidist or shaded
places, where their eggs are de])osited. The snow-flea

{Acharutcs nivinda) is sometimes seen in

great numbers leaping on snow. They
should be preserved in vials of alcohol, and

can be collected by placing an ether vial over

them and allowing the creatures to spring

into it, or the finger wet with the saliva can

be lightly laid on them, when they can be

transferred to a vial of alcohol. They can

also be mounted in balsam on glass slides.
*''",.,^'a8prit{i|-uui.

Family Poduridae.—IJody loiiir ami slemUr, head small. Toinoccru»
phDitbt'iix (Linn.): or boily'sliori. SutyuUiurun tltgitnx Fileli.

Suborder "J. S3rmphyla.—A remarkably composite type,

having the head of a Campodea, while the alnlomen has

a pair of legs to each joint, like the centipedes.

Family Scolopendrellidae. witli the chanjctci-s <«f the sub-order.
ScoloixmlnUii iii,>u u-uhiUt Newport.
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Sub-order 3. Cinura.—Here belong the bristle-tails, the

hind body being long, and with small,

rudimentary processes corresponding to

the abdominal feet of Scolopendrella.

Family Campodidae.—With long, slender

bodies and long, delicate caudal stylets.

Campodea s((q)/iyli>i us Westw.
Family lapygidae.—Like Campodea, but

tlie body ending in a pair of forceps. lapyx
subierraneus Pack.
Family Lepismatidae. — Body flattened,

covered with scales, with five caudal stylets,

three of which are very long. Sometimes
injurious to papers and books. Lepisma
saccharina Linn., L. domestica Pack, has
injured books in the library of Wellesley
College. L. i-seriata Pack. (Fig. 42). In
Machilis the eyes are large and compound.

Fig. i2.—Lepisma 4-seriata. Machilis mruibilis Say.

Oeder II. Deemaptera* {Earwigs).

This small group comprises the earwigs, which are noc-

turnal insects very rare in this country, except in the

Southern States, but common in Europe.

Usually placed among the Orthoptera, the ear-

wigs have certain important characters which

forbid our placing them in that order. The
fore wings are very small and short, like the

elytra of the rove-beetles, while the large,

broad, transparent, hinder wings are folded

under the anterior pair, the process of foldmg

being aided by the large forceps at the end of

the body; the latter is long and narrow and fig. 43.—For^-

much flattened. peiun/""^'^*

Family Forficulidse.—Body long, Forficula; body short. Labia.

* Selected Works.
Dufour, L. Recberches anatoniiques sur les Labidoures or Perce-

oreilles (Ann. des Sc. Nat., xiii.). 1828.

Meinert, F. Anatomia Forticularum. Copenhagen, 1863.

Packard, A S (External Anatomy, in third report U. S. Ent. Commis-
sion, 1883, p. 304, Pis. XXIIL XXIV).

Scudder, S. H. Notes on ForliculariiB, with list of described species

(Proc. Bost. Soc. Nat. Hist., xviii., 1876),
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Ordek 111. ORTHOPTERA* {Locusts, Grasshoppers,

i'rici-i'ts, etc.).

tiy no means do all the members of this jjroup, as the

name of the order would imply, have straight fore wings,

but in the lorusts and grasshoppers they are generally

narrow, straiglit, and thicker than the hinder pair,

serving as wing-covers to protect the hinder, thinner ones.

The antenna? may be very long, while the pronotum is

almost invariably broad and large, flattened or compressed

and moving freely on the rest of the thorax, which is cov-

ered by the wings when folded. Tiie hind wings are much
larger than the front ones, and have numerous longitudinal

and cross veins, while the ovii>ositor, when present, varies

much in shape ami size; and the number of tarsal joints

varies from two to five.

Fig. 44 illustrates the incomplete metamorphosis of the

common red-legged locust; it represents the freshly-hatched

larva, which moults once before its wings begin to bud

out, as at 3b; this stage (3i) may be lalU-.l the first pupal

•Selected Works.

Glover, T. niustnitions of North American Eutomologv'. Orthoptem.
(4l(), i;? i^l-^- Wiisliinsrion. l!S7'^)

Biley. Packard, and Thomas. First. Second, and Third Reports U S

Entomological Commission. 1^77-^^:3.

Saussure. H. de Stiuliis of tla- Orthoptcia of Mo.xico :\ud C'lntnil

Aiiurica il*:iri.<, ls7(»-74). (In French )

Scudder. S H. MaUrials for a Monograph of the N. A. Orlhoptcni

^.lour. I?(>st. Soo . vii.. 18IV21.

Catalogue of North American Orthoptera (Sniith.^oniau Misc.

Coll.. viii. W:i>liiiii:lon. ISCS).

-— Revision of the Mole C'riekets (Mem. PcalKnly Aeail. . No. 1.

Sail in. l^^m».

Serville, A. Natural ITistorv of the Orthoptera (suites a Buffon). {I

vol.,8vo. PiiHs. 1830 ) (In Freneh.)
StoU, C liepresentations of ilie IMiasmida'. Manliihv. Acrididjv,

(tryllida' (eti-. *, t)f the four parts of the world ('~ vols.. 4to, 70 pis.

Am-terdani. 1815). .(In Freneli.)

Thomas. C. Synopsis of Acrididse of North America (Final Report
U S. Geol. Surv.. vc\ v. 4lo. Wa-^hin-rtou, 187") .

Walker, F. (.'oniplele cataloiiue of Dermaptera Saltatoriji (4 vols.

and suppl. bvo. Loudon. 1869-71).



Fig 44 —Incomplete nietamorpliosis of the common red-legged locust. Calop-
teiinn femnr-rubrum. 1, la, •,'. -ib. 'ic. the two larval stages: 3-5, t)ie three
pupal stages; 6, 6a, the adult.—Emerton del. (To^face })age 61.)
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stage, and as the lui-usl moults twice afterwards before tlie

final imago stage is reached, it may be said to have three

pupal stages. M'iien we comjiare the freshly-hatched larva

with the adult, we see that the only important dilference is

the presence of wings.

Tliere is no great change, such as marks the life-history

of a butterfly. Perhaps it is by reason of their incomplete

metatuorphosis, the general nniformity of their habits, and

their livii.g on vegetable food, that Orthojjtera are not

numerous in species compared willi the beetles and higher

orders.

The locusts lay their eggs in packets in the ground

(Fig. 45). With its ovipositor, which is made up of

-^sS^t^ss^

Fig. 'IS.-Rocliy Mountain Im-nst layinp its epps (c) >.iM . > .1., , :\inniii(».in oval
mass. All nnturul size.—After Kiley.

three pairs of short spines, the two onter pairs very large

and stout, the locust thrusts its hind body deep into the

earth and deposits a packet of eggs.

Many dangers attend the life of these insects. To over-

come or to avoid them, many of them, as certain katydids,

the leaf-insects, and the stick-insects, mimic leaves and

sticks, so that insectivorous birds are deceived by them.

Locusts are also attacked by parasites: little rod mites

stick to their bodies; hair-worms, and especially the mag-
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got of the flesh-fly, infest them, and thus thousands of them

are swept away. All this is of use, however, for were it

not for the kindly aid thus rendered, the earth would be

each year overrun with locusts.

The males of many Orthoptera, as the crickets, green

grasshoppers, katydids, etc., and locusts, produce loud,

shrill sounds, by which they attract the females; but in the

European Ephippigera, one of the Locustidae, the female

is provided with well-developed vocal organs. They stridu-

late in three ways—i.e., first, by rubbing the base of one

wing-cover on the other (crickets and green grasshoppers);

second, by rubbing the inner surface of the hind legs

against the outer surface of the front wings (some locusts);

third, by rubbing together the upper surface of tlie front

edge of the hind wings and the under surface of the wing-

covers during flight (some locusts).

Family Blattariae.—Body flattened,

oval, with a broad ]5ronotum; fore

wings broad oval; antenna? long and
filiform. Blatta oricntalis Linn. , and
Periplaneta americana (Linn.). While
troublesome from eating clothing,

etc., and mischievous in bakeries and
storehouses, they are serviceable in

clearing houses and ships of bed-
bugs. The eggs are laid in a bean-
shaped capsule (oiJtheca), which is

divided into two compartments, each
containing al)out thirty eggs. Our
native species, PUttamodes pen^l-
tanica (De Geer), lives under stones.

All are nocturnal in their habits. The metamorphosis of B. orientalis

is said to require four years.

Family Mantidae.—Fore legs adapted for seizing their prej^ which

Fig. 46.—Croton bug, Ectobia gei

mnnica. Natural size.

Fig. i7.—Mantis carolinn, soothsayer. Natural size.

consists of other insects. Eggs laid in large bimches on various plants.
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Faniilv Phasmidae —Thr walking sticks or sin-ctrc-s. npri'Sfntwl

by our i)i<ni}i< rmiarn ftiiionitnin Sav, wbicli restmble twigs, art verj'

.slender, with more or les.s eylimlrieal bo<lie.s

and lonj; \v\i^; llnir winjrs are either wanl-

ing or rudimentarv. or if developed, strik

infrly leaf like, as in the leaf-insect (Fig. 48,

i'hyUiiiiii mWifolinni Linn.).

Faniilv Acrydiidae—Locusts have short

antenn.e" and thr Innly is laterally eom-

pres.>;ed; the lai-s are at the base of the hind

body, while the ovipositor is .short. CEdi-

p<Hl'a Carolina (Linn.l, Cahiptenus gpntna,

and 0. ft III ur-i'iibniiii.

Family Locustidae—Body compressed;

but the" antenna' very lonq: and .^lender,

while the ovijiosiior is very lirire and sjdire-

shaped. Some forms, as C'euthophilus, are fio.

winirless. The larire LMeen ^grasshoppers In

represent this group, of which the kaiydid and it-s allies {Phniurop-

tera curricauda De Geer) are familiar examples. Certain forms close-

ly resemble leaves.

Family Gryllidae.—In the crickets the bcnly is soniewhtit flattened

verticallv, or it may l>e more or less cylindrical, and the alnlonien

ends in a pair of long stylets. The inole-crickel. iiryUotalia lH>irali«

Burm.. burrows in inoist earth. The treecricket (fl>aiitfius nirtiia

Scrville) makes a loud shrilling noisi- by rubbing the upjwr on the

under wings, and injures raspberry-bushes and other shrubs by laying

its eggs in the twigs.

I><-af-in>;t'i Phyl-
Half iiatiiial size.

Ordku IV. "PLkTYTTE^A* {White A7iis, etc.).

This group ooinprises tho bird-lice, Psocida?, stoiu'-flies

(IVrliilfp), and the white ants. In all except tlie Psocidie

* Selected Works.

Plntyptcra i» gciwnil.

Kagen, H. A. Svnopsisof the Neuropteni of North America (Smith.

Inst. 18t)l).

Packard, A. S. (E.xternal anatomy, in third report V. S. Kut. Com-
niis,<ion, 1S83, pp. 29'2, 32'J, with plates.)

a. Mallophaga.

Deniiy, H. Monographia Anoplurorum Britannise (London, 1862).

Grosse, F. Bciiriiirr /.iir Kciintnis- dcr Mallophagcn (Zeils. f. Wissen.

Zool.. \lii., 1883, ooO. Abstract by G. 3Ict'loskey in Anier. Nat.,

isst;. ;uo).

Melnikow, N. Beitrilge zur Embryonalentwicklung der Insekten
(Archivf. Naturg.,^xxxv., 1869).

"
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tlie body is flattened, and the head extended horizontally.

The pronotum is large, broad, and more or less square; the

Nitsch, C. L. Die Familieu iind Gaftungen der Thierinsekten
(Germar's Mag. d. Eut., iii., 1813).

Insecta cpizoa (Leipzig, 1874. Edited b}' Giebel).

Packard, A. S. On the systematic position of the Mallophaga
(Pioc. Anier. Phil Soc, xxiv., 1887, p. 264),

Piaget. Les Pediculines (Leydeu, 1880).

b. Perlidae {Plecoptera).

Gerstaecker, A. Ueber das Vorkommen von Tracheenkiemen bei

ansgebikleten Insekteu (Zeits. f. Wissen. Zool., xxiv., 1874).

Hagen. H. A. Synopsis of N. A. Neuroptera.
Newport, G. On the anatomy and affinities of Pteronarcys regalis

(Trans. Lirtn. Soc, Loudon, xx., 1851).

Packard, A. S. (External anatomy of Pteronarcys, in third report

U. S. Eut. Commission, 1883, p. 322, Pis. XI, XLIV, LVII).
Pictet, F. Ilistoire naturelle, etc., des iusectes Neuropteres : Part

I., Perlides; Part 11, Ephemerines. (Geneve, 1841-45. With col-

ored plates.)

c. Psocidse {Corrodentia in part).

Burgess, E. The anatomy of the head, and the structure of the

maxilla, in the Psocidoe (Proc. Bost. Soc. Nat. Hist., xix., 1878,

291).

Hagen, H. A. Synopsis of N. A. Neuroptera.

Beitriige zvir Monographic der Psociden (Stettin Ent. Zeit.,

1882).

Nitzsch. C. L Ueber die Eingewcidc der Biicherlaus, Psocus pulsa-
tortiis (Germar's IMag. d. Ent., iv., 276).

Packard, A. S. (Hxterual anatomy of Psocus, in third report U. S.

Ent. Gommission, 1883, p. 325,"' Pis. XXXIX, XLIII).

d. Embidae.

Hagen, H. A. Monograph of the Embidina (Canadian Eut , xvii.,

18S,-)).

Westwood, J. 0. Characters of Embia, a genus of insects allied to

the white auts (Trans. Linn. Soc, xvii., 369).

See also the -w ritiugs of McLuchlan, Wood-Mason, etc.

e. Termitidae (Cmi'odentia in part).

Hagen. H. A. Monographic der Termiten (Linna?a Entomolog., x.,

xii., and xiv.).

M tiller, F. Beitriige zur Kenntniss der Termiten (Jena. Nat.
Zeit.sch., vii., 187^3).

Packard, A. S. (External aiiatoniv, in third report U. S. Ent. Com-
mission, 1883, p. 326, Pis. XXXIX-XLIII).

Smeathman, H. Some account of the Termites, which are found in

Africa and other hot climates (Phil. Trans., Ixxi., 1781. London).
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on

iiiL'so- iiiul motiiiiDtuiii are miiaikuldt' on afcouiit of tin*

imperfet'tly foniu'd sciitii and scutt'lla, the latter being in-

definite in outline, tliougli lar^^e. The chest-pieces (or

bterna) are large ami broad; and there are often eleven seg-

ments in the abdomen. The order receives its name from

the fact that the wings are usually laid flat upou the bai-k

V'iien the insect is at rest.

The bird-lice (Mallopluiga), though usually associated

with the true lice (which are wingless parasitic Hemii)tera),

in reality seem to be degraded, wingless Platyptera, and iu

FlQ. -19.— 7V/H(«s fluriix'x. w liitf nut. ii, lar\a; ^. h iiit;t*il inuli-; r. wuikiT; (/.

solilier; e, laixe femali'; /, iiyinpli cr pupa.— Kioiii Riloy.

the shape of the body and mouth-parts an' more nearly

allied to the family Psoriiicp, which includes the death-

tick, than any other group of insects; heiux^ we regard

these parasites as forming a suI)-order of the present group.

All the insects of this order have some remarkable ixxmliar-

ities. The stone-flies or Perlidie. which as larva> live in the

water and breathe by external tufts of gills growing on the

under side of the tliorax, in some cases, as in the si>ecies of

rteronarcvs, retain them in the winged state.

5
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The white ants top the Platypterous series; they live,

like ants, in stumps and fallen trees, and do much harm,

especially in the tropics, by undermining the sills of houses,

and destroying furniture, books, etc. Their colonies are

very large and populous.

In our Tennes flavipes there are, besides males and

females, workers and soldiers; the workers being white,

small, ant-like, and wingless, with small round heads, while

the soldiers have large square heads, with long jaws; the

pupae are active. In Brazil a species of white ant is diller-

entiated into six different sets of individuals: viz., winged

and wingless females; winged and wingless males; workers

and soldiers. A Avingless male and female may, on the

death of a normal winged male and female, replace them in

the colony. A male or king was found by Miiller living

with thirty-one complemental females.

Suh-order 1. Mallophaga.—The bird-lice live usually as

parasites under the feathers of

birds, eating the feathers; but the

species of two genera (Tricho-

dectes and Gyi'opus) live on mam-
mals, eating the young hairs, and

sometimes clots of blood. They
differ from lice in having jaws

adapted for biting. They can be

mounted in balsam as transparent

f/bjeets for the microscope.

Family Philopteridae.—With fila-

meiitonsS- or .
"5 jointed autenmv, but uo

jialps. Trichodectes cu/iis De Geer, para-

FiG. 50.—Goniocotes of domestic sjtic ou ilog.'s; Gom'ocotes burnettiiP&ck.
^°"''- ou the domestic fowl.

Family Liotheidae.—With club-shaped 4-jointed antennae and palps.

GyrojviHporcelU Shrank, on the porpoise; G. oralis, on the Guinea

pig; in the U. S., Menojwn jidllidum Kitsch, on fowls.

Sub-order 2. Corrodentia.—This group includes the nor-

mal, winged forms.
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Family Perlidae — IJody loni,' ami ll:it; prullioiax s<niaro; autcuiiii-

loug Jiud I li read like; ubdomcu eudiug iu two long slylels; wiugs

Fio. 51.—A PerHd Ofemoura). a, pupa (nymph) and imago.

witli transverse veins, ami foliied tiat on tlie l)a<k. Tlie larva? and
j)U|i;i' active, liviiiL' umlir stones in streams, tiu- iinairines frequent-
ing damp, sliady places by water courses. Pcrhi ahiiormU Newman;
Ptfroiuirn/M rif/nli-n Newman.
Family Psocidae.—Small insfcts, with short cylindrical bodies, a

small prothorax, and a swollen clypeus, resembling
Aphides; wings .small, detlexed, with few veins;
living on lichens, etc., and on the under side of
leaves. Psotuk HorfP-.vro^/ip Walker, Ciecilius (Fig.
52). The book-louse, Atropos pulmtorius (Linn.),

is wingless; it is sometimes called the "death-

Fio. 52.—C<rri7i'H«. FlO '.3 —Atmpot
piilsiitiiiiiis.

watch" or "death-tick," from being erroneously supposed to make a
ticking noise like the Anobium beetle. It is' conuuon in iKxiks,
and is injurious to cabinet specimens of small moths antl other deli-
cate inseits.

ramily Embidae —Body long. flat, and narrow; wings with few
veins. Emfiiii {<,iriQni Westw.." Egypt, none in the I'. S^
Family Termitidse.—The white "ants in some features closely re-

semble the cockroaches, but they are smaller, with narrower bodies
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and wings, the latter being thin and finely net-veined alike in

both pairs; antennae short, 18-20-joiuted. Termer Jlaxipcs Kollar

(Fig. 49), Massachusetts southward.

Ordee v. Odonata* {Dragon-jlies).

In the dragon-flies the head is large, the eyes in the typ-

ical forms enormous, while the antennae are minute, like

short bristles, the sense of sight predominating over that of

smell, and the jaws are large and strong, these insects being

carnivorous, greedily snapping up flying insects, such as

mosquitoes, small flies, etc., which they probably perceive

Fig. 54.—A dragon-flj-, I>f>?ax ^eceju'ce. Male; natural size.

at a much greater distance than can most other insects.

The thorax is large, round, and differs from that of other

insects in the great development of the side pieces (espe-

* Selected Works.

Cabot, L. The immature state of the Odonata (Mem. Mus. Comp.
Zool., i., 1872).

Gerstaecker, A. Zur Morphologic der Orthoptera amphibiotica
(Berlin, 1873).

Hagen, H. A. Synopsis of the Neuroptera of North America.

Synopsis of the Odonata of America (Proc. Bost. Soc. Nat. Hist.,

xviii., 1875).

Monograph of the earlier stages of the Odonata (Trans. Amer.
Ent. Soc, xii., 249. 1885)

Packard, A. S. Embrj'ological studies on Diplax [^schna ?], Peri-

themis, etc. (Mem. Peab. Acad. Sc, 1871).

Viallanes, H. Le ganglion optique de la Libellule (^schna). (Ann.
Sc. Nat. Zool., 1884:)

Also the writings of Charpentier, De Selj's-Longchamps. Hagen,
McLachlan, Pictet, Rambur, Scudder, and Walker.
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ciiiUy the epistonia) aiul the very small pruthorax, Tlie

abdonieu is very long and slender, cylindrical, ending in a

pair of claspers in the male. The wings are large, tiensely

net-veined, the hinder piir being often a little larger than

the front pair.

Dragon-Hies either, as in Libellula and allies, lay their

I'ggs in jelly-like masses on the surface of ponds, or, as iu

Agrion, they crawl deep in the water

along the stems of submerged plants,

and with their sword-like ovipositor

cut g.islies into the stalk in which

they insert their eggs.

The larva of the dragon-fly conceals

its powerful jaws, for it is very de-

structive to the smaller creatures

about it, by its enormous labium or

under lip. This forms a broad smooth

mask covering the lower part of the

face; it is armed at the broad spoon-

shaped extremity with two sharp mov-

able liooks, adapted for seizing and

retaining its prey. It breathes by ad-

mitting water through the vent into

the intestine, which near the end is lined with folds of

membrane rich iu trachea?, by which the air is extracted

from the water and mixes with the

blood; the folds are also so arninged

that the water thus introduce*! can be

forced out iis if from a syringe, by

which the insect is suddenly propelled

over the bottom. The entrance to the

intestine is ])rotecte(l by from three
Fio. 56,-Agnou. Nat. size, to five couical lioniv valves, which

open and sjuit at will. The larva of Agrion ami its allies

have three external broad, leaf-like, tracheary gills situated

at the end (in the larva of Kuphiea the gills are attached to

the sides) of the bodv. Male dragon-flies are sometimes

Fio 55.—.Eschna larva
(nymph). Natural size.

^^j/ ,-^'y
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sensibly larger, and never smaller, than the females, and do
not generally pair with the females, until a week or fort-

night after emerging from the jjupa, and until tliey have
assumed their proper masculine colors (Darwin's Descent of

Man, i. 337).

The larvae are interesting creatures to keep alive in

aquaria, where their transformations can be watched,
especially if collected in the spring. Little is known re-

garding their habits, and any one who can spend the neces-

sary time and patience in rearing them, so as to trace up
the different stages from the larva to the dragon-fly, and
describe and accurately figure them, will do good service to

science. When about to cast its skin, a rent opens along

the back of the thorax, and the insect having fastened its

claws into some object at the bottom of the pool, it gradu-

ally works its ways out of the larva skin. When about to

change to the adult fly, the jiupa climbs up some plant to

near the surface of the water, its back then yawns apart, and
from the rent the dragon-fly slowly emerges. For an hour

or more it remains torpid and listless, with its flabby, soft

wings remaining motionless. The fluids leave the surface,

the wings expand, the skin hardens and dries, the colors

appear, and the dragon-fly rises into the air. The colors of

dragon-flies are very striking, consisting of ricli gi-een, blue,

yellow, vermilion and metallic tints, and the sexes differ in

color. Certain dragon-flies appear to be attracted by par-

ticular colors, as the blue males of an Agrion Avere seen to

settle in numbers on the blue float of a fishing-line. The
males, in several genera, when they first emerge from the

pupa are colored exactly like the females; but in a short

time they assume a conspicuous milky-blue tint, owing to

the exudation of a kind of oil, soluble in ether and alcohol.

Certain s])ecies of Xeurothemisare dimorphic, some females

having their wings netted as usual, while others have them
richly netted as in the males of the same species. In several

species of Agrion a certain number of individuals are of an

orange color. (Darwin's Descent of Man, i. 352.)
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Family Libellulidae

—

Culopttryx apintlU Hiirui., Agrion einU
Hiigi'ij, ^fJuc/i/td litros Fiihr., Libtllttln triiiiacuUita Dc Gclt.

()i:i>KK \ I. Plectopteka* (J/ra/-/7<V.v).

Like till' (lia-^foii-llii'S. tlic Kplu'UU'nv or May-flifs are in

their own way very peculiar insects, and canntit be placed

iu any of the older est:il)lished orders. We have therefore

proposed the name Plcctopivra for the group, <*

in allusion to the fiiie, gauzy network of

their wings.

The adult May-flies are characterized l)y

the very rudimentary condition of the

mouth-j)arts. In examining the under side

of the head there is a hollow, with o\\\\

slight rudiments of tlie mandibles, maxilla^,

and labium. As these insects live but a few

liours, only long enougli to provide for the

continuance of tlie species, they need to

take no food, hence the mouth-parts are __

Fio. 57 —Ma> -uy, uuiuial siz<?. o, larva, twice enlarptxl.

nearly aborted, and the antennfe are small aud bristle-like.

* Selected Wouks.
Eaton, A. E. A revisional monograph of recent Ephemeridae or May-

flies. I'arts I.-IV. i'l'mns. I.iiiii. Sor., Londnii. !--'•;! s,"»i.

Hagen, H. A. Synopsis of tlu- Nruropteni of North .Vnu-rii-a (lf<01).

Lubbock, J. IH'Vi'lopnuiit of I'Idoi'on dimidintum (Trans. Linu.
Soi'.. London, xxiv.-v., l^O.VOO).

Packard. A. S. iExtrrnal anntoinv. in third report I'. S. Eutomolog.
Comnussion. 188;?. pp. 3;«-;W5, Pis. XLV-XLVIi

Swammerdam. J. EplunuM-a' Vita (Amsterdam. 1(>T.")).

Vayssiere. A Heilurilu's sur roriranizntiou dis larvcs des Ephe-
niOriuos (Auu. Se. Xat., xiii., 1882).
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The tliorax is also peculiar in being globular, the pro-

thorax is small and collar-like, while the mesotliorax is very-

large, and the metathorax very small. The wings are finejy

net-veined, and the hinder pair are very small, sometimes

wanting. The abdomen is very long and slender, ending

in three long, jointed stylets, while in addition there are

in the males beneath the stylets two pairs of jointed claspers,

a feature peculiar to these insects. Moreover, as in the

Dermaptera, the genital openings of both sexes are double;

in all other insects there is but a single opening.

But if the May-fly takes no food, it is quite otherwise

with the larva and pupa. Fig. 57, a, represents the larva or

nymph of Palingenia; its body is long and slender, with

long slender antennae, while the jaws are very large, the

creature being voracious and feeding on other insects.

Along the sides of the hind body are either leaf-like or

bushy tracheary gills, and the body ends in long hairy

bristles.

The larvae are said to live two or three years, residing in

burrows in the mud, under stones, or among grass and

weeds, where they may be taken with the water-net in great

abundance, and are beautiful objects for the aquarium.

Some of the group, if not all, differ from other insects in

moulting so many times; thus Chloeon casts its skin

twenty-one times before it assumes the imago state. In

another respect the May-flies are peculiar: after transform-

ing from the nymph, the winged insect, called the sub-

imago, takes a short flight, and then casts another skin

before assuming the final, imago, state.

May-flies often appear in immense numbers, and falling

into the water become stranded in windrows along the

borders of lakes. The perfect insects should be preserved

in alcohol for study, and described when alive if possible,

as the body shrivels up and the colors fade when pinned.

Family Ephemeridae. Chanicteis of the order. Potamanthus mar-

ginatus Zett. (Fig. 57), Palihycida biliiieata Say (Fig. 57, a, nymph).
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Oki>i;u \ II. Thysanoptera.*

Jj^'])rrs('iitf(l l)y tilt' little group of which Th!*i})s is the

type, aiul [ihii'i'd by some among the Ilemipti'ra, to which

they seem i-losely allied, it may be sjiid that though

the lu'iul ends in a short beak, yet these insects

differ from the bugs in having niaxilhu bearing

'^-3-jointed palpi, while the lal)ial j)alpi are {)resent,

and, though very short, ari' com})Osed of from two

to three joints. The order derives its name from

the long delicate fringe on its long, narrow, and
often veinless wings. In some species the wings

are wanting, at least in the males. The abdomen,
in ecrtiiin species, ends in the males by a slender

joint, and iu the females by a 4-valved borer.

The eggs are somewhat like those of Hemiptera, being

cylindric, round at one end aiul crowned with a knob at the

other. The larva and pupa are both active, ami in tho

rather sluggish pupa the antenuix? are turned back on the

head, while the limbs and wings are enclnsed in a tliin

tilmy membrane; the feet end in bulbous enlargements,

hence the nanu' "bladder-footed" (Phys;ipoda) applied to

the grou}) by Hurmeister.

Tho wheat Thrips, Limoihrips cerealixtiu llaliday, is in-

jurious to wheat; Thrips sfritifiis Osbt>rn (Fig. ^^>^) destroys

onion-plants. These insects injure plants by puncturing

and killing the leaves; all the species are minute, and little

is known of them in the United States.

Family Thripidae.—Characters of the onler as given above.

* Seilected Works.

Haliday, A. H. An epitome of the British genera in ilu- Dnlir Thy-
sanoiitiia (Entonuilogical .Mag., iii. 439. 1^30).

Packard, A. S (SlantlaVtl Natural History, sooond t.iit.. 1888; also

loniain-^ a list of lU'scribril N. A. sprciVs by Tli. IVrgjuidc.)
Reuter. 0. M. Thysjino)MiTa Fcnniia. (188(U
Ul,iaain, W. H. Embryology of rhys;»poda (^loseow. lu Russian).
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Order VIII. Hemiptera* {Bugs, Plant-lice, etc.).

While the preceding groups are of limited extent as regards

number of species^ the one now before us is very rich in this

respect. We are now to take into account insects which
gain their livelihood by piercing and sucking

the sap of plants or the blood of other insects;

and. the change in the jaws by which a sucking

beak is formed is very curious.

One can obtain an excellent idea of what a

bug is by dissecting a common squash-bug

(Fig. 59). With a lens fixed on a stand, and a

Fig. 59.—Squash- iiecdle mounted in a handle, the student can,
ug. at. size.

g^f^Qy. ^ f^^y trials, dissect the head from the

body, examine the beak, the wings; separate the thorax

* Selected Works.

Amyot, C, and Serville, A. Hemipteres (Paris, 1843).

Buckton, G. B. Mono£!:raph of the British Aphides (Ray Society,
i., ii. LoudoD, 1876-79).

Comstock, J. H. Report of U. S. Entomologist (Dept. Agr.) for
1879-18S1 (Washington, 1880-82).

Douglas and Scott. British Hemiptera. I. Heteroptera. (Ray So-
ciety. London, 1865.)

Fieber, F. X. European Hemiptera (Vienna, 1861.) (In German.)
Geise, 0. J\[undtheile der Rlij^nclioten (Archiv f. Naturg., xlix.,

315. 1883).

Glover, T. Manuscript Notes: Hemiptera (Washington, 1876).
Oestlund, 0. W. Synopsis of tlie Aphididte of JMinnesota (St. Paul,

1887).

Riley and Monell. Notes on AphidjB of the U. S. (Bull. U. S.
Geol. Surv., v. Washington, 1879.)

Thomas, C. Monograpli of the Plant-lice (8th Report State Ento-
mologist of 111., 1879).

Uhler, P. R. ^Monographs of Cydnida? and Sakhe [etc.]. (Bull. U.
S. Geol. Surv., iii., 1877).

Check-list of the Hemiptera-Heteroptera of North America (Brook-
lyn, 1886).

Walker, F. Catalogue of Ilemiptera-Heteroptera in British Museum
(8 vols and suppl. 1867-74).

Witlaczil, E. Die Anatomic der Psylliden (Zeits. f. Wissensch.
Zool., Bd. xlii. Wien, 1885).

Zur Morphologic nnd Anatomic der Cocciden (Zeits. f. Wis-
sensch. Zool. Wicn, 1885).

Also the writings of Ashmead, Comstock, Forbes, Landois, Le
Baron, Monell, Osborn, Riley, Say, Thomas, etc.



Fio. 60 —External nnatoiny of sqnasli-luip, Citieiis (rhtis. n. ti|'i>«>r. ^. under,
and ;•, siile. view of licati: <nif, antenna; or. oeellns; rf. pro-. < nns >-./. luetA-
noluni; sc', nieso sonintn; iicl. inesosoutelluni; p. pro-, /i. ni. ^o-. i. nieta-
pleurutn; st. pro-, at', nieso-, xt". ineta-scutmu; rptis. epis . < i'i> . <-pi.>!temiim
of pro-, ineso-, ami inet« ihonix: em. cm', em", epiineruni oi pro-, inesrv-, and
nietnttiorax; j, Ar. /, inuler side of the pro , nieso-, and nieta-thorax; cr".
coxa; /)•". trochanter; /, fe«nur; /, tiliia; is. tai-sns; m, dorsal, ii. ventral, o,
side, view of abdoiueu; sp', sp", six pairs of spiracles. (To /ace p 74.)
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into its separate segments, dissect the liind body or abdomen

from the thorax, and study these parts with the aid of Fig.

60, always remembering to compare each part with its corre-

sponding part in the grasshopper.

It will be seen that the bug has,

besides a pair of compound eyes,

two simple eyes behind; and that

it takes its food by suction, plung-

ing its long slender beak into the

stems of plants or into the flesh

of its victim. This beak is the

distinctive mark of the bugs,

which thus differ from other in-

sects in their manner of taking

their food. It is formed of the

long, slender, needle-like mandibles

and maxillas, which are united so

as to form a hollow sucking-tube.

The tube thus formed is ensheathed

bv the under lip {labium), which is

''showing t?.f't,-ucturlVufe loHg, hollow, and composcd of four

S™/':4ich%onTair"the joints. Above, the sucking-tube is

bristie-iikeman(iibies(md)and protected bv the labrum (Figs. 61
maxillaB {mx), whose bases are r J \ &
shown by the dotted lines in ^nd 62, Ihv). Another distiuguish-
the head; Ibr, labrum; ant,

. \ • ^ i •

antenna. lug mark IS that bugs have no palpi,

either maxillary or labial.

There are c:timated to be nearly 10,000 species of bugs

in North America, all having a beak; and through their

different kinds of food and habits there is a chance for the

individuals of each species to get a living.

The bugs also differ from other insects, and somewhat

anticipate the beetles, in the large broad prothorax, and

in the fore wings, which are thickened at the base so as to

protect the thin under pair. Since the basal half of the

fore wings is thus thickened, the bugs are called Hemiptera,

from hemi, half, and pfero)), wing.

Like the grasshopper, the bugs have an incomplete meta-
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raorpliosis. Fi<;. 03 ivpivseiits tlu- tninsforniations of tlic

chiuch-bug, the youug having uo wiiig.s. M.UiT reaching

f

Fio. 62.—Lonpritudinal section of blip's head. Ibr, labrum; /fe, labium; md,
mandiblf ; mx. ninxilla; sq. salivary t^land (the arrows poiutint; outward
show the course of the salivary duct iiito the mouth: the inwanl |><>iiitinK

arrows indicate the throat and the direction taken by the f^xxl in passinp to
the stouiach); /. ^ r, muscles which elevate the ruof of the mouth.—After
Graber.

the stage e, the wings appear as in tlie stages /anil g. This

bug does immense harm to farmers by sucking the sap of

wheat ami corn.

Gertaiu species of llemiptera are apterous; tlie sexes

^"^ h
Fig. 68.—The Chinch-huR and its? early stages, a. b. egrps: c. <. larval Btaaos; /. g,

pupae; i, beak; ti, tarsus of larva; J, tarsus of perfect bug: 'i- I'TT of oitto.

differ in the form of tlie body and fore wings, in the second

joints of their anteinuv. and in their tarsi; while the females

are generally larger and more robust than the m:iles. but

they do not commonly differ much in color. (Ihuwiu's

Descent of Man, i. 339.)
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Although the Hemiptera are not so numerous in species

as the Coleoptera, Diptera, or Hymenoptera, thej;- possibly

outnumber the Lepidoptera. Uhler states that about

27,000 species occur in museums, and that there are prob-

ably not less than 50,000 species now existing. The known
forms are distributed in very nearly the following propor-

tions: South America, 10,000; North America, 5000; Cen-

tral America and the West Indies, 2000; Europe, 3000;

Asia and its islands, 3000; Africa and its islands, 3000; and
Australia, New Zealand, and the Philippines, about 1000

species.

Sub-order 1. Pediculina.—The parasitic Hemiptera or

lice are wingless and have a beak-like sucker, which is soft

and retractile, with two protrusible chitinous bristles. The
feet are adapted for clinging to hairs, as they are hooked,

while the body is soft, and the thoracic segments are not

divided into separate pieces, as in other Hemiptera and

nearly all other insects. The eggs, called " nits" (Fig. 30,

?•), are oval and attached to hairs. All the species live on

mammals, none on birds.

Though evidently allied to the wingless Cimex, and form-

ing a group standing near it, we have, as a matter of con-

venience, to place them at the bottom of the entire order in

a sub-order by themselves, interpolating the Homoptera
between them and the Hetei'opterous Hemiptera, to which

they more nearly belong. Parasitism has so degraded them
that the marks of relationship to their true ancestors have

been effaced. The lice may be said to be a downward-bent

twig of the Heteropterous branch, while the Homoptera
form the highest branch of the ordinal tree.

Family Pediculidae.

—

Pedicidus capitis De Gecr, the head-louse of
man; P. iiestimeiUi Burm. (larger and paler); Phthiriiis pubis (Lmw.),
the crab-louse.

Suh-order 2. Homoptera.—In Hemiptera of this group

tlie wings are somewhat (>i)aque tliroughout, or transparent,

and lie roof-like over the body. The head is large, and the

beak appears to arise between the fore legs. Many of the
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species are hoppers, the liiiul legs hQ\\v^ enlarged, while

many (except the plant and bark lice) have an ovipositor,

for inserting eggs in the twigs of plants. Many s])e(.ie8

secrete, in numerous glands in the skin, a white waxy
powder which covers the body.

We have always regarded, and still regard, the t>i)ical

Ilomoptera, such as Cicada, as a more highly specialized

insect than any of the Ileteropterous Hemiptera; but in

treating of them in the pages of a book, and in deference

to the views of llemipterists, we interpolate the sub-order

between the Pediculina and Heteroptcra.

Family Coccidae —The hark-lice or scale insects are so called from
the haliiis and shape of the ffmalos, which are winu'less, with bodies
resemhliiiu' scales. They insert their loni: slender bej'k into the hark
of trees or stems imd leaves of plants, drawiiii,'- in ijic sap, aud when

Fio. M —Cochineal insect,
inalf ; feniale, natural size
anil enlareeil.

Fig. C).— Oraiifre-scale insect, n. male; b,

female; d, its scale: c, auotlier sfx-cies.

very numerous do much harm to the plant or tree. On the other
hand, the males have two wiuECs and a \y.\\T of halancrrs. hut no lu-ak,

and take no food. The females lay their eirirs beneath the end of
their bodies. While the cffirs are irenerally fertilized, in sjxx'ies of
Lc'-anium and Aspidiotus, they ilevelop williout fertilizjition by the

males. Unlike the females, the luales undeiiro a melainorphosis, the

larvje spinninic a cocoon; the jmijw remaininir therein wiihout moving
or takiuLT food. While most of the species are injurious to veiretation,

the cochineal Coccus iFiij. ()4) produces a carmine dyi', and the ninnn,*!

and 1ac insects by their punctures cause a tlow of veirelablc juices,

which, when ilrv, are a valuable article of merchandise.

With \is the most injurious species is the Apple bark louso, Mtjtihi*-

pis jwmoriiin Houche. whos(> scales sometimes so altoinid on the hark
as to kill yoiuiir trees; oranges arc injun^l by M. fforfn'i (Pack.,

Pig. 65), and the purple oriinge-sc.de, ^f. citn'ro'Ui iPack.V Plains in

hot-houses arc often injured by the " mealy bug." Cocci;- " • ' ' ;''m*

ndoniditm Linn \ which also occurs in gardens, as (' 'itn

hcweridum, which especially afficts the orange. i in

luiinerabihs (Rathvon) injures the linden and soft maple.
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Family Aleyrodidae.—Wings rounded, rather broad and white; larv;x?

scale-like and fixed to leaves; beak 2-jointed. Aleyrodes corni Hakl.
Family Aphidae.—The Aphitles or plant-lice abound to an enormous

extent; nearly every plant has one or more species peculiar to it, and
the individuals are often to be numbered bj' millions; while a thousand
species are already known. The males and females are usually
winged; in rare cases are the males wingless, but the females are not
seldom without wings, while the asexual individuals are wingless.

They are all small insects, ])oth sexes with a 3-joiuted beak; the wings
have few veins; the body is flask-shaped, and in the species of Aphis
and Lachnus near the end of the abdomen are two tubes for the exit

of a sweet fluid called " honey-d^w," which is lapped up by the ants

seen frequenting a colony of these insects. Aphides are usually
green, with a soft powdery bloom on the skin.

The Aphides or plant-lice abound by reason of their wonderful
fertility, the young being brought forth alive. There are as many as

Fig. 66.—Apple Aphis. Natural size and enlarged.

nine or ten generations; a single Aphis becoming the parent in one
summer of millions of children and grandchildren. Though they are
devoured in enormous numbers by other insects and by birds, still

hosts are left to prey on our fruit-trees, succulent vegetables, and
household plants. Thus, these weak, defenceless creatures owe their
success in life to their muisual powers of reproduction, the young
budding forth within the parent, as the polyp .sends forth bud after

bud which eventually become jelly-ti.sh. The last brood of Aphides
lay eggs in the autunm and tlien die.

Sexual forms (at time of l)irtli already mature, wingless, and with-
out a proboscis) sometimes occur in the .'ipring, as in the European
Pemphigus terebinthi (Devbes). Chermes and Phylloxera give birth

in place of viviparous generations to a special egg-laying female,
which also produces eggs, from which arise individuals "which repro-
duce parthenogeuetically. In PhyUo.rerf( querciix, besides the two
generations, there is another generation which appears in autumn, and
consists of very small mal(!s and females (withoTit a suctorial proboscis
or alimentary canal >. These animals arise from two kinds of eggs
which are laid in the roots. The female after pairing lays only a
single egg. It is the same Avith the Phylloxera of the vine (Claus).

Of the latter there are two forms, one ]i\ing in galls on the leaves, and
the other forming small swellings on the roots. The root-form is

either wingless or winged, the latter very rare. The leaf-form is said

to be always wingless.
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Fumily Fsyllidse.—These kaf-lioiiiars coinmuiily live in all stajres

mi the under surface of leaves, some of Ihcm fonniiij;: j^alls. 'I'liey

r

Fio. 67.—Fsylla /Tjpioic/a/d.—Afler Riley.

arc generally conical, with a broad head, Avith long, 10-jointed an-

tenna' and short li-irs, the hinder otics adapted for springing ; the

k
Fio 6S.—Seventeen-year Cieaiia. .-1. larva : <i. pupa: h. its cAst skin split aloii;;

tlie back: <, e)rg:s;"(i, gashes maile for them in a twig. All except A natural

size.—After Riley.

6



82 ENTOMOLOGY.

wings are thickened, folded roof-like over the body, while the young
are often covered with a white cottony mass. Pi<ylla pyri Schmidt
injures the pear-tree; and P. tripunctata Fitch is common on pine-
trees.

Family Meml>racid3e.—Head broad, prothorax very large and of
varied form, being arched, compressed, hump-backed, conical, etc.,

in dilierent species, and often with spines and projections. Mem-
bracis folidtd (Linn.); Telamomi nionticola (Fabr.).

Family Cicadidae.—The Cicad* are among the largest of insects,

and besides their broad heads, prominent eyes, and well-developed
ovipositor, have, in the males, a musical apparatus at the base of
the abdomen, by which they produce a loud, shrill, piercing noise.

The family also comprises the longest-lived of all insects, the 17-

year Cicada (C. 17-decim Linn.) requiring seventeen years to attain
its growth. A single brood appears only once in seventeen years in

the same given region, while there are three broods which appear
once in thirteen years.

Family Fulgoridae.—Antennae with only three joints; the forehead
or vertex euorm(ju.sly enlarged. Laternarid pliosphorea (Linn.),

Surinam and Brazil; Fulgora candelaria (Linn.), the lantern-fly of
Cliina, are both among the largest of insects. Native forms of much
smaller siz^e are Otioceriiscoqiiebertii¥..vc\)yim6.DelphaxarvensisY\tch..

Family Cercopidae.—A large group of insects of medium or small
size, living in grass and on leaves; with a large broad thorax.
"Frog's spittle" insect, Ptyehis li?ieatvs (Linn.V

Fig. 69.—Ptyeb(s Uneatus. Spittle insect, a, larva, enlarged; b. its natural
size; above it the mass of froth or " spittle."

Family Jassidae.—Slenderer insects than the Cercopidae, andv/ith
longer hind legs, but like them living in grass and trees. Erythroneura
vitis (Harris), Diedroccjiliala molHpes (Say).

Sub-order 3. Heteroptera.—The wings are in the true

bugs laid flat on the back, those of the fore pair thick-

ened on the basal half or two-thirds (hemelytra); the pro-

thorax is large and broad. Many species give oitt an offen-

sive smell, due to a secretion emitted from a gland situated
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in tlie meso- or nutathonix, aiul, if in the latter place,

opening between the hind legs. Many are wingless, ai)d in

some species the females are wingless. The definition of the

families, and their arrangement, are taken from P. K. Uhler's

account of the ilemiptera in "The Standard Natural

History."

Family Corisidae —A(iU!itic insects, with broad heads, flattened

bodies, and swininiinir feet, the l)eak passing: lhrou>j:h a little hole

above the actual md of the clypeus. Cori«n interrupia Say.

Family Notonectidae.—Boat-shaped, aquatie forms, differing from
all other IIiMnipttra by swimming on their backs. ybtoii<^/'(<i

unduluta Say.
Family Nepidae —Flat-bodied aquatic insects, the body

ending in two long respiratory tubes. Voracious and, as in

Belotitoitui ffriJiea (Say), destructive to lishes and tadpoles

from its large si/e and powerful beak.

Family Naucoridae.—Flat-bodied, oval, without caudal

tubes. Pfloron'xf'riiiortita (Pa]. Beauv.).

Family Galgulidae —Insects living by the edge of ponds
and streams, with the hind legs adapted for running. Gal-

gitlu-t o^'iil'ttuH Fabr. Fio. TO.

Family Saldidae.—Small, leaping, dull-colored insects, —Xoto-

with the" head fn-c. Suikhi Kif/norctii Guerin.
JJ J'^^^'j^

Family Hydrobatidae—The water-boatmen have long lata.
limbs, wherry-like l)()dies, and row themselves on the surface N'Htural

of the water! ^rVrm (Ilygrotrechus) rt-z/uV/w Say; /T^j/o/xi/^-j*
•'*'^-

Wuellerntorfii White lives' ou the ocean far from land.

Family Veliidae —Body short and deep, with short legs. IViago-

velia obetut I'hler.

Faiuily Hydrometridae.—Didl brown insects of linear shape, with
long legs titted for walking on the sur-

face of pools and brooks. Ilydrometra

lin^nta Say.
Family Emesidae.—Body extremely

slender, with thread-like middle and
liind legs, but with spinous, raptorial

fore K'gs. Eiiifxii lo/if/i'ik'x De Geer.

Family Reduviidae — Body thick,

with short co.\;e, the fore legs set far

back. Conor/linns siiNf/iii.-<u(jnji Lee, a
large red-spotted bug, which intlicts a

severe ]nin(ture. }filf/<ixcinr(iis Fabr.

Family Nabidae.—Body oblong, with
a thick iiead ending in a long slender Fig.

beak. Xalm f'i.'<oi Stein ; Various
fents Linn.

Family Aradidae.—Body very Hat. dead-leaf-brown color. Aradu4
crenat'iK '^i\y.

Family Phymatidae.—Boily thicker; fore legs niptorial. Phymnta
eroM Ihrr-Sch.

Family Tingitidae.—Small, very liat bugs living on leaves. Cory-

-Milviv Ills. ^,

—After Kiley.
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thnca ciliata (Say), commou on oak-leaves. TingU

clavata Stal.

Family Cimicidae.—Body broad and flat, species

sometimes wingless. Cimex lectularia Linn., bed-

bug.
Family Capsidae.—Body oval; antenna thread-

like, long, and 4-jointed; the end of the thick

part of the hemelytra triangular, and incised out-

side. Pcecilcmpsus Uneatus (Fabr.).
Fig. 73.—Bed-bug. Family Pyrrhocoridse.—Body stouter and larger

than in theCapsidfe. Dysdercus stiturellus Herr-Sch., cotton-.stainer.

Family Lygaeidse.—Body ovate or oblong ; head with a pair of dis-

tinct ocelli between the eyes ; mostly red and black or black and
yellow insects. Lyganis fasciatus Dallas, Blissns lei/copierus (Say),

chinch-bug.
Family "Berytidse.—Body very slender, with pointed head; and

thread-like antennae, clubbed at tip. Neides spinosus Say.

Family Coreidae.—Body oblong-ovate; antennae 4-jointed ; basal

joint of the beak usually the longest. Anasa
tristis (De Geer), squash-bug.
Family Pentatomidae.—Scutellum large, tri-

angular; head mostly quadrangular ; antennae

5-joiutcd.

Family Cydnidae.—Oval, highly-polished, jet-

black insects, having flat heads with the edge

turned up, and the legs very spinous. Pangwua
bilineatits Say.

7.3.—PodtsMs spi- Family Corimelaenidae.—Body hemispherical,
nosus. a. beak. Nat-

i^i^ck; legs spinous, fitted for digging. Cori-
ural size. — Alter ' P j\ i c „ \

]^i,ej. melnna atra (Am. and Scrv.).

Faniily Scutelleridae —Body tortoise-shaped, the scutellum cover-

ing nearly the whole upper surface of the abdomen. Pac7iycoris

iori'idus S>co\x Fla., Me.x.

Family Arthropteridae.—Body wide and flat, black, highly polished.

Coptosoma globus (Fahv.). Eur. ^

Ordee IX. Neuroptera* {Ant-lions, Aplds-lions, Lace-

winged Flics, etc.).

These are net-veined insects, with a metamorphosis, but

* Selected Works.

Brauer, F. Beitriige zur Kenntniss der Vcrwandlung der Neurop-

teren (Verb. Zool. bot. Ges. , Wicn, iv., v.).

Ueber die Verwandluiig des Biitacus itallcus und hagenii (Verb.

Zool. bot. Ges., Wicn, Ik'TI).

Hagen, H. Synopsis of llie Neuroptera of North America (1861.

Smithsonian Institution).

Haldeman, S. S., and J. Leidy. History and transformations of Cory-

dalis coruutus (Mem. Amer. Acad. Arts and Sc, iv.. 1848).

Packard, A. S (E.xteriial anatomy, in third report U. S. Eut. Comm.
1883, 385, Pis. Ll-LVIll. LXIV)
Also the writings of Erichson, Fitch, McLachlau, Pictet, Ram-

bur, Riley, Schneider, and Westwood.
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they also (liUur in inipurtiint respects fruin net- veined insects

without a complete metamorphosis. Tlie head is horizon-

tal and somewhat flattened; the body is llattened or cylin-

drical. The mouih-parts are free, adapted for hiting, and

the mandibles well developed. The ligula dilTers from
that of the other net- veined insects in being entire, form-

Fios. T4, 75.—Lnivii ami pupa (6) of Corydalis cornutus. Nadiral sire.

ing a large, broad, flat, rounded lobe. The j)i-othorax is

large, broad, and squai-e, and the mesothorax and meta-

thorax are nearly of the same size, while the wings corre-

spond in being all of the same size: they ai'c not so decidedly

net-veined as in the Orthoptera, Platyptera, Odonata, and
Plectoptera, the costal space being wide., while the trans-
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verse veinlets are few and far apart compared with those

of the dragon- and may-flies, or the Orthoptera. Only
Eaphidia has an ovipositor, and there are no caudal stylets.

Fig. 76.- Imago of Corydalis cornutus; male. Natural size.

The Neuroptera have a complete metamorphosis, the pupa
being quite unlike the larva, and quiescent, being often pro-
tected by a cocoon. The shape of the larva is peculiar, the
body being broad, somewhat flattened, with large jaws, and
of rather a primitive form, compared with those of the
following orders.
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Fiuuily Sialidae. -IJudy s(jiufwh:it liattiiud. of lUDtlcrnti' kiij^lli;

the iintriiDii' loiiir ami sk-ntler, soincliiiH'S siTiuti-d or pfclinaled;

llie winirs :ur \nr}xv, ni-l-Vfiiu'd, the hinder pair with the anal space

folded, while the tarsi are o-juinted.

To tiiis lamiiy l)eloiiirs the i,'reat ('ori/<l<iliM rornutuK Linn., whose
wings expand six inehes. The jaws of the male are enormously

enlarged, heing nearly an ineh long, and can scareely he used for

taking food, lis larva lives under stones in brooks, and is used for

bait under the n:ime of ': hellgraminile. " In IJIntuUwles inctinicornix

Linn., a mueh smaller insect, the anteniue are lu-ctinated. Speeies

of Raphiilia, whiih have a very long narrow i)rothorax, inhabit the

Pacilic eoast.

Family Hemerobidae.—The body is slender, cylindrical, with large

net-veini'd wings, the hinder ones with no anal space. The larvie

are peculiar in having largf sickle-shaped uumdibles which have a

groove beneath, in whicli the maxil];e slide back and forth; with

these they cau pierce the bodies of small iusecls aud suck their

/\

Fig. 77. Lacewiui; lly, side aud lop vii-w ; t-ggs luid liuva. EnUiiycd t»ic«.

blood, willumt movinc: the mandibles on which the \1ctiDi is im-

paU'd The larva- of ChrN.sopa (Fig. 77) and Hemerobia are called

Ajdus-lions, and destroy great nuinbirsof those jH'sts. Tlie aut lion

is the larva of .Mvrmeleon. It makes a pit in line .sand, lying at the

(;5>^^:^>^SV7^^<^^

C:

Fio. 78.—Myrmeleon, and <i, its larva, the ant-lion.

bottom with its jaws wide open, readv to seize any hu'kle.s.s insi-ct

which may fall in. ]\Ia!itispa (Figs. 79, 80) is noteworthy from the

strange habits of its krva, which passes through two stages, the
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first of the normal form of the order, when it lives in the cocoons of

spiders; before the first moult it loses the use of its feet, and begins

Fig. 79. Fig. 80. Fig. 80a.

Fig. 79.—Mantispa interrupta Saj-; and side view of the same without wings.
Natural size.—Emerton del.

Fig. 80.—Freshly-hatched larva of Maniispn styriaca, enlarged.
Fig. 80a.—Larva of the same, but older, before the first moult. Enlarged.—
After Brauer.

to change its form, until when fully grown it is cylindrical, with
small feet and a small round head, much as in caterpillars.

Oeder X. Mecaptera* {Scorpion-flies).

We have given this name to the Panorpidae, which have

features separating them from the true Neuroptera. The
front of the head is greatly elongated into a sort of beak,

the clypeus being very long, and the minute mandibles are

situated at the end of the snout. The prothorax is very

small; and in the shape of the thorax as a whole, and in

* Selected Works.

Brauer, F. See Neuroptera.
Hagen, H. A. Synopsis of N. A. Neuroptera.
Packard, A. S. (Hxterual analom}', in third report U. S. Entom. Com-

mission, 1883, 342, PI. LIX, LX).
Westwood, J. 0. Monograi)h of the genus Panorpa (Trans. Ent.

Boc. Loudon, iv., 184(3).
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the form of the side uiul breast pieees (pleu rites and .ster-

nites), we have a strikiui; approximation to the moths. The

abdometi is lonir and slender, composed of ten sef,nnents,

and in the male ending in a large forceps. The larva is

caterpillar-like, the head small, the feet short and small,

and there are eight pairs of abdominal feet, while the body

is adorned with button-like, bristle bearing warts or spines.

The metamor})hoses are complete, the piip;e being somewhat

like those of the lowest moths, the limbs being free.

Familv Panorpidae.—With the characters of the order. In Paiiorpa

the body of the male ends in a forceps. It has V)een known to

attack fishes, piercing their eyes with its beak. Its hirva bores an

inch deep into mo.ss-covercd soil. The short, 4-jointed thoracic feet

resemble tho.se of caterpillars; but the most strikini: point of resem-

blance to the latter is .seen in the eight pairs of abdimiinal feet. Not
only the form of the body and legs, but also the arrangement and
shape of the button-like, bristle-bearing warts on the body recall the

general aj^pearance of arctian caterpillars. Hittacus has a very long

slender l)ody, with long legs, and the male abdomen bears no forceps.

The larva is somewhat like that of Pauorpa, but is adorned with

Fig. St.—Pniiorpa or Soorpion-fly. and larva.

long scattered dorsal spines, and a lateral row of slender filaments;

each of the nine abilominal si'gnients bi'ars a p.air of soft, '.?-joi!iIed

feet While thi' Lepidoptcra a."e supposed to have originated from
the sanu' ancestors as the Triehoi^lera. it is a .significant fact that tlie

eruciforni larva* of the ^lecaptera actually have 'J-jointed legs to

each abdominal segment. This suggests tiiat the Lepidopteni may
have originated from the sjime stem-fonn as the .Mecjiptera; though it

should be remarked that the moths them.selves more ( loselv resemble
the caddis-tlies. A very rare and singular form is j/<Tf>;v tubtr

Newman, the male abdomen bearing a large forceps. Tlie female
Bort',ii< is wingless; in the male the wings are rudimentary. B.
niwriitmhtu Fitch has only been collected in the winter-time on
snow. The species are bras.sy brown, brassy black, or deej) bronze
ffreen.
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Order XI. Tkichoptera* {Caddis-fiies).

The caddis-flies bear a still closer resemblance to tlie small-

er moths than Panorpa, though the larvae are less like cat-

erpillars than those of the Mecaptera. The caddis-flies

have a small, rounded head which in its general structure,

though presenting some notable differences, closely resem-

bles that of the smaller moths, even to the obsolete mandi-

bles, these insects taking no solid food in the imago state.

Hagen states that in Flectroiarsus gravenhorstii the pro-

boscis is greatly developed, and in certain other genera

is longer than the head and fitted to probe flowers. (In the

(EslropsidcB the maxillae and labium become aborted dur-

FiG. 82.—Caddis-fly (enlarged and natural size) and case-worm, a, case.

ing the pupa state.) The thorax is throughout much like

that of the smaller moths, the prothorax being small and
collar-like; the metanotum formed on the lepidopterous

* Selected Works.

Hagen. H. A. Syno]isis of N. A. Ncuroptora.
McLachlan, R. A monographic revision and synopsis of the Trichoptera

of the European fauna (London, 1874-1880).

Muller, F. Uebcr die von den Tricbopterenlarven dcr Provinz Santa
Catliarina vcrfertigten Geliiiusc (Zeits. f. "Wissen. Zool., xxxv., 1880).

Packard, A. S (External anatomj-, in tbii'd report U. S. Ent, Comm.,
1883, 344, Pis. LIX. LXI).
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type, as is the rest of the thorax, especially the coxie and
side-pieces (pleurites); while the Ion*;, slender abdomen re-

calls the shajK' of tliat of moths. Moreover, the lx>dy and

wings, usually hairy, are sometimes covered with scales; and
the venation is somewhat as in moths.

The transformations are much as in those of the lower

moths, though in the pupa the limbs are free, not soldered

to the iMjily as in moths. The larva^ which breathe by

means of thread-like tracheal gills, construct cases of bits

of sticks, or grains of sand, which they drag over the bot-

tom of quiet pools ; they live both on decaying leaves and
small insects, water-fleas, etc. When ab<3ut to pupate they

close the mouth of the case with a grating, or, as in Helico-

psyche, with a dense silken lid having a single slit, aud in

some instances spin a slight, thin, silken cocoon, within

which the pujwi state is passed. The female lays lier eggs in

clumps covered with jelly on stones and leaves at the water's

edge.

Super family Phryganidae.—This great group isdi\ideii bv McLach-
lan into seven f:iniilies, chietly accordinir to the -stnieture of the max-
illary palpi, as follows: Ili/drojitHidr, Rhyacitphiliili , IIijdr<'i'i<ycfiidir,

Lfpi'tCt-rultP, Stn'('oit("iii'itidi, Liii) ii'/p/iiiidiP, iiud PhryijiihidiF. " lu
the Hhi/iiro/thih'd'P and IIi/dropKi/rfiid'f the larva? inhabit tixetl cjvses; in

the others the cjvses are free, and carried al)out by the inmates. In the

iJA^tu"t>;)Aj7«/'Mhe pupa is eaveloiKxl in a special cocoon. " (McLach-
lan.)

OUDKU XII. COLEOPTEHA* (Bccfhs).

AUhouL''h so numerous iu species, upwarels of 100,000

•Selected Works.
Dejean et Aube. Species generales de Coleopteres (6 vols.. 8vo. Paris,

Oemnunger and Harold. Catalogue of .ill descrilied Coleoptera with
synoiiynia (IJ vols. .Munich. 'l8r>8-76>. (Lat.)

Henshaw, S. List of the Coleoptera of North America. ISS-'). Supple-
ment, pp. 8. is><7

The entomoloirical writintrs of John L. LcConte (Cambridge,
1878k

The entomologictil writinirs of Greorge H. Horn (Cambridge,
1S791

Horn. G. H. Re\ision of North American Tonebrionida? (Trana.
Am Phil. Soc, 1870K

Synopsis of Parnidae (Trans. Am. Ent. Soc., ii.. 1870).

(Continued on next page.)
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existing in museums, the beetles are so different from all

otlier insects that, with the exception, perhaps, of the two
families Stylopidce and PlatypsylUdce, no one would con-

found them with the members of any other order. Beetles

differ from other insects in the nature of the fore wings,

which are usually thick and solid, generally without dis-

tinct veins, and serve as sheaths {elytra) to protect that

part of the body situated behind the prothorax, which is

large, broad, and moves freely on the rest of the thorax;

while the mouth-parts are free and adajjted for biting.

In order to learn the names of the differejit parts, the

beginner should have specimens of a ground-beetle and of a

may-beetle, and compare them with Figs. 83 and 84. This
will *ave pages of dry description. How the antennae vary

in form in different beetles may be seen l)y reference to Fig.

85,while Fig. 86 represents the different forms of eyes. The
jaws vary much in shape, while perhaps the extreme of

variation in the maxillas is seen in many species of Nemog-
natha, in which the outer lobe is generally j^rolonged into
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United States (Trans. Am. Ent. Soc , xiii., 1886).

A monograph of the Aphodiini inhabiting the United States
(Trans. Am. Ent. Soc, .xiv., 1887).

Lacordaire, J. T., et Chapuis. Genera des Coleopteres (i.-vii. Paris, 1854).
LeConte, J. L., and G. H. Horn. The Khychophora of America north of

Mexico (Proc Am. Phil. Soc, 1876).

Classification of the Coleoptera of North America (Smithsonian
Inst., 1883).

Schaupp, F. G. Synopsis of the Cicindelidse of the U. S. (Bull. Ent.
Soc, Brooklyn, vi , 1884. Five plates ; every species with a colored
figure, on four plates.)

Stal, C. Monograph of American Chrysomelidae (Upsala, 1862-5).

Also articles by Austin, Blanchard, Casey, Fitch, Fuchs, Harris, Hub-
bard, Matthews, Melsheinier, Randall, Say, Schwarz, J. B. Smith,
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No. 1.

J.

No. 2.

Fio. 83.—UndiM- surface of i/(7i7>a/u,>!cn/iV;i?i<)su.<. No 1 : .J.niitpnna; B. tnaii-

dible: C, labniin: /'. lifruln; E. paraslossn'; F. lahiiil palpus: (). tnaxillA

inner lobe; //, outer lobe; /. iiiaxillaiy palpus; K, im-nluiti; /.. ceUR'; \l. jrula.

with the Rular sutures; .Y. buccal Assure; I', veutnil s.cin.nls; 1. pn>ster-

nuni; •,', proslernal episternutn: :}. prosternal epiiuenini: i r^xal cavity, clostnl

behinil; 5. itillixcii siiie of pronotuni: 6, luesosternuni: T m.—i'st>Tiial epis-

ternvun; S, inesosternal epinieruui; '.1. nietasteriium: 10. :iiii<c"\.il pi'-ot*: 11.

tnetastcrnal episleruuni: I.*, nietjvsternal epiinerum: I*. ii.lUxetl siiie of
elvtruni: 1 1. ainb\ilatorial setjv; l.^. tnx-lianters; 1»"i. p..sl.Tii.r .•oxir: 17.

femora; IS, tiuia"; I.i. tarsi. No. 0: uiuier side of proth.'nix "f Hxlroscaplia,
with open coxnl cavities, and TV, triK'liantin. No. .1: un.b'r si.l.- ..f I'alosoma
No. 4: under side of Rhvssodes. No. 5: under side of Eu-xllus (-n..«ii.<. show-
iii-r the true epipleura." A'/). No. 6: under side of Ciiemid..tus. showing the
larjre coxal plates. VI. No. 7: under side of prot borax of Khynchophorus. showr-

uiR the closure of the coxal cavities by the epiniera. — After LeOonteand Horn.
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C^^

tiG^ 84.-Exteirial anatoiny of Alay-beetle. Lnchnosternn fuscn a unner sideof head: epic, epicranium; cl. clypeus: 6, under side: m mentum- sm siih-meutiim; lab, labium: md, mandible: c. pronotum; rf. mesonornm- e meta-notum; /, pro-, g meso-. h nieta pleurum: i, pro-.j. meso-. k, meta-'pleurunr
I, dorsa, m. ventral n, side, view of abdomen: 1-7, seven basal abdomi, asegments; psc", post-scutellum ; other letters as in Fig. 60. (To face page 95 )
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a slender, flexible. Iiairv process, sonu'times nearly as long as

the body, and reseniblin>:; the tonj^iie of a bee, as when op-

posed to eaeh other they form a tubi-. The le;xs vary (great-

ly in shape, and the tarsi vary from live, the normal num-

Fio. 85.— PilTfivnt forms of antenntp of beetles. 1, serrate ; 2. pectinate ; 3,

capitate (jiiul jilso j;eiiiciilute) : 4-7. cluvate; S, <.l, lamellate: 10, serrate iD<>r-

catiimai: U, irregular (G> riuusi; Vi, two jointed unteuuaof Adraiies ca-cus.

—

After LeConte.

ber, to four and three joints, and sometimes to two or one,

and may even occasionally be wantiiii;.

The larva of a beetle, especially those like the youni; may-

beetle, is called a grub. The jnetamorphosis is in beetlesabed e f

Kio. S(j.—Head and eyes. if beetles, a, t'alosoma ; /), Clirvs,.boihiis: r. Prio-
nus; <f, rolygraplms; (•.(iiMiiriipes; /, tiyrintis, in wliioh tin- e\fs are divided.
—From Juileich and Niische.

perfect. Those larva' which walk freely about after their

food usually have the body somewhat flattened, and the legs

long; while those which bore into fruits or into wood liavo

cylindrical, white bodies, and the legs are usually short, or,

as in the larviv of weevils, etc., they are legles.-.

The pupa^ of beetles are usually whitish, autl have free

limVis. They are either enclosed in cocoons of silk (Curcu-

lionuliv and Chrvsoniclida^) or form a rude one of earth ; or.
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if wood-borers, live in rude cocoons of fine chips and dnst,

united by silken threads or a glutinous matter. Some Coc-

cinellaB and Anthrenus transform within the old larval

skin. In most Coleopterous pup^, the antennae lie on each

Fig. 87.—Onthopha(jus rangifer. A, male; B, female.—From Darwin.

side of the clypeus, and the mandibles, maxillse, and X)alpi

appear as elongated tubercles. The wings are small and

laid upon the posterior thighs, thus exposing the meso- and

Fig. SS.—Chalcosoma utlrnt. Upi)er figure male, reduced; lower figure female,
natural size. —From Darwin.

metathorax to view. The tarsal joints lie parallel on each

side of the middle line of the body, and in those pupa?

which transform in the soil the abdomen ends in a pair of

horny hooks, which aid the pupa in reaching the surface.
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Many nialc bci'tlcs (('s|H'cially Laiiu-llieonis and SUipliy-

linids, Cantlion, I'tc. . Fij;. 87) arc

ornamented with horns, vhich

exist only as rudiments or are

wholly waiitiii<; in the other sex :

in the niak' Lueanus (Fig. 110) the

mandibles are of great size (eoni-

l)are also Figs. 88 and 89). Darwin

remarks that beetles belonging to

many and widely distinct families

possess stridulating organs. Cer-

tiiin musical weevils can l)e heard

at a distance of several feet or even

yards; the a|)})aratus varying much
in position on the body, but usu-

ally consisting of a rasp or set of

ribs, and a scraper; in many Lon-

gicorns the rasp is on the meso-

thonix, which is rubl)cd against the

prothonix ; but the apparatus does

not diifer much according to sex.

(Darwin.)

Protected from harm by their

hard shell-like skin and their thick

wing -covers, and living, as grubs,

as pupa', and as licetles, quite dif-

ferent lives, it would be hard to ex-

terminate tlu'm. Myriad as are

their forms, every species has slight-

ly ditferent habits ami surround-

ings from its allies, and thus tills ;i

niche in the insect-world which it

alone can occupy. And it is this

wonderful power of adaptation to

changes in circumstances, as well

as their solid skins and complete

metamorphosis, which has enabled the great beetle order of

over 100,000 kinds to become so abundant and prominent

FlO. SO. —Chiafognnlhus gran-
Hi PMluctvi. rpi>er flpiro
mule. Imver lifjuiv female.—
After Darwiu.
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a group. They are preyed upon at different times of life by

different enemies. Worms, parasitic mites, and birds and

beasts constantly make war upon them, but these enemies

only confine their numbers within healthy limits; so that,

after all the inroads made upon them, there is still food

enough and room enough for each species to exist in its own
beetle- fashion in its own little beetle-world.

The Coleoptera have been divided by LeConte into two

gi'eat groups or sub-orders, viz. : the Khynchoi^hora or

Aveevils, in which the head is beaked and the palpi are

short and rigid, while the labrum is usually absent,* besides

other less apparent characters; and the genuine Coleoptera.

The genuine Coleoptera, again, are divided by the number
of joints in their tarsi as follows:

1. Hind tarsi with the same number of joints at least as

the others (except in a few Clavicorns) . . Isomera.

2. Front and middle tarsi 5-, hind tarsi 4-jointed.

Heteromera.
The Isomera are divided by LeConte and Horn into five

series, perhaps super-families:

A. Fourth and fifth tarsal joints not connate:

First three ventral segments connate: first divided by
the hind coxal cavities so that the sides are sepa-

rated from the very small medial part. Adephaga.
First ventral segment visible for its entire breadth (ex-

cept in Rhyssodidne)

:

AntennfB clavate or capitate, very rarely serrate.

Clavicornia.
Antennae serrate, very rarely clavate or capitate.

Serricornia.

Antennae with a lamellate club, the opposing surfaces

with a very delicate sensitive structure ; legs fos-

sorial Lamellicornia.
B. Fourth and fifth tarsal joints anchylosed; the for-

mer very small; antennge filiform, rarely seirate, or

feebly thickened externally Phytophaga.

*In Ihc Anthribida' mihI Kliinomaccridie the labrum is present
and the palpi are not rigid.
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Sub-orihr 1. Rhynchophora.

Beginning with tlie lowest family and ending with the

liigliest, we hike up first the weevils or Khynchophoni, the

definitions being taken from LeConte lind Horn's "Chiissi-

iication of the Coleoptera of Xorth Ameriea."

Family Authribidae.—Beak hroatl, flat; aiilt'iina' straight, ll-jtMuted;

labniiu clisiinct; la^t spiracli' micovcrt'd. Authrilniti coritutua 'Sivy.

Family Scolytidae.—Hody thick, cyliiulrical; hi-ak short, uftt-n not

ai>i)arc'm ; pyiridiiim surroiiiKicil at the I'dgc Ity thr clylra; tihitt*

usually sL'i rale. The family of Itark-horers or timber-lieetles is an
extensive one. They burrow sometimes l)y thousands under the

bark of trees, e.speeially sprueeand pine, eau-sinj; the death and rapid

decji}'' of the tree by arnsling the How of sap. Their iralleries, bur-

rows, or "mine.s" usually braneh out at right angles from u single

gallery ; the female in this single gal-

lery lays her t'ggs in nophes at ipiite

regular intervals along eaeh sid*-; the

larva-, on hatehing, mint- in a direction

at riglit angles to the original gallery.

In some eases the mine resembles a

bird's track, the galleries radijiling

from a single iioinl. The larva' are

cylindrical and footless. Dendrortonun
tenhntnn Oliv., Toinints pini Say,
])ryorntti>iiffitlH'r. The most injurious

sj^ecies to the spruce are Xi/lilioruK ^^^- ^
C(ibt(itit(7Am\\\ ), A', xyloiirnphiin (Say),

and XiilokntH hlrittntux (Kirby).

Family Calandridte.— Beak never narrowed behind the eyes

— Dryocirtes nffaber.
larvii ; li, piipii.

<!<

c ^<:;^^^~y^

FiQ. 91 —Calamim oryza'. c. rice weovil: a, larva; b, pupa. e. grain weeTll.
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antennae geniculate ; labrum wanting ; last spiracle not visible.

Rhyncopliorus jmlmnrum Linn. Here belong the rice, Cithnidra oryzee

(Linn.), and grain weevils, C. granarius (Linn.); tbe latter so great a
pest in granaries, the larva devouring the inside of the hull.

Fig. 92.—Northern Brenthiau. a, larva; b. pupa; c, beetle, female; d, head of
male; e, fourth antennal joint; g-l, parts of larval head; /, leg.—After Riley.

Family Brenthidae.—Head differing as to sex; narrowed behind ;

antennae not geniculate; prothorax very long. The female of the

northern Breuthian, Eupsalis minuta (Dvwry), bores a hole in the

bark of the oak, pushing an egg into the hole; the males are ver}^

pugnacious (Fig. 92).

Fig. 93.—Hazel-uut weevil. Fig. 94.—White-pine weevil, a, larva; 6, pupa.

Family Curculionidae.—]\Iandibles with no apical scar; beak vari-

able in form and length; antenna^ usually geniculate. These weevils
form a family exceedingly numerous in species, which bore in the
bark of trees, in nuts, seeds, etc. Bdlaniiiux nadcus Say (Fig. 93);

Plssodes strobi Peck (Fig. 94) ; Conotrachelus nenupJiar Herbst, the
plum weevil.

Family OtiorhyncMdae.—^Mandibles with a deciduous piece leaving
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beak variable, iit-ver Ion;

11-jointi'J.

and skiidi-r; auti-nna* ;;eiiiculaU',
* UtUirhynehuti trulr'ittm Fabr. ; En-

tiiniM imi)eruilU Ki)rst«.r, tbt* iliainund iK-ctle.

Family Byrsopidx —Tarsi setose; proster-

luiin excavated Tlni-tJi(eriiu» humenilU Say;
Jii/nuiihii/itt ciirlh'itut .NIots.

Family Attelabidae.— IJeak short and stout,

tliickenedat ihetiid; mandibles stout, pincer-

sbaped. AUebibu* rhoin Hob. rolls uj) an alder-

leaf to form a cell for its eirirs and larva.

Family Bhyncliitids.—Beak slender; man-
dibles tlat; tooilicd on the inner and outer
sides. WiifiichihM hirolor Fabr., a red weevil
livinir on cultivaled and wild ro.ses.

Family Rhiiiomacerids.—Labrum distlDCt;

beak as long as the prothorax. Rhinomacer elongatu^ Lee.

Fio. 95.—Otiorhfpichus
mlciitus.

Sub-order '2. Coleoptera gentiina.

Section Heteromera.

Family Stylopidae.—Hy some authors referred to a distinct "order"
(Strejmp'teni). In the nniles, which tiy alH)Ut, the moutb-])arts
are, except the mandibles aud one juiir of palpi, atrophied ; the

FijJ. 96. fig. 77.

Kio. 96.—Styl>)ps cItiUtreiti, male, dorsal and side view.
Fia. l>7.- Female, a, in ihr ulKlonieti of a bee ^Audreuui: ti. tlie same r«inoved.

pro- iuid mesothorax are ver.v short, and the elytni reduced to slender
club-shaped appendages, while the hind wings are well develoinxl,
the metathonix being"remarkably large and long, ihealxiumeu lieiug
.small. The females are wingless, ^\^orm like, with a llatteued iri-
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angular head, and live within ,the abdomen of bees and wasps,
though certain foreign genera are parasites in ants and Homoptera.
The female is viviparous, giving birth to hundreds of ver}^ minute
young, which are of very primitive form, with bulbous feet, the
slender, hairy body ending in two long styles, and the intestine end-
ing as a closed sack. Stylops childreni Graj^; Xenos peckii Kirby
lives in a common wasp {PoUstes metrkus Say).

Family Rhipiphoridae.—Tarsi with claws (those of Stylopids being
clawless), elytra rarely covering the abdomen, as wide as the pro-

thorax in front, usually narrowed behind, sometimes (Myodites)
very small; rarely (Rhipidius) wanting in the female, in which case

the wings are also wanting, and the body is larviform. BJdpidius
pectinkoi'tiis is parasitic in Europe in Edobia germanica. This form
is a connecting link between Stylopidte and other beetles. Metceciis

paradoxus Linn, is a parasite in the nests of wasps (Vespa).

Fig. 98.—a, freshly-hatched larva of Jleloe. first or Canipodea-form stage ; 6,
second or carabidoid stage; c, coarctate, footless larva, third stage; d, pupa;
e, imago, male.

Family Meloidae.—Prothorax narrower at base than the elytra,

which are variable in form, in ^leloG very short and pointed; claws
cleft or toothed; front of head vertical. Larva primitive, Campodea-
form, certain species parasitic on bees; they mostly undergo a hyper-
metamorphosis, there being three larval stages (Fig. 98, «, b, c).

The blister-beetle or Spanish tly, Cantharis veskatoria Linn., is rep-

resented in the United States by the species of Macrobasis and
Epicauta (Fig. 99, E. cinerea Forst.), which, with Horia, pass
through a hypermetamorphosis in general like that of Meloe, the oil

beetle {Melo'e anguxtkollix Sav).

Family Pyrochroidae —Antennje often ramose; hiudcoxii? large and
prominent; claws simple; head horizontal; elytra wider than abdo-
men, rounded at lip. Pyrochroa Jkibellata Fabr. ; Bendmides canadensis
Latr.
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Family Anthicidae. IlimI coxa' iicl proiuiniiit , aiitLUUit rarely

flabL'llate. 2^'ulaj;u» anchvrn Ilinlz

FiQ. %Q.—Epicauta cinerea. a, end of second larval stage; c. d, coarctate larva
of K. cittdta; e, f. pupa of E. cinerea.—After Riley.

Family Mordellidse.—Anteuua; filiform ; liiud coxte laminiform;
protliorax iiuuli iiarrowt'd in frout; elytra narrowed behind. Mor-
tUllii ^-jHinrtat'i Fahr.

Family Cephaloidae.—Head prolonged behind and gradually nar-

rowed. Cfj>/t(i/iKni /t'jil>(rult'.s Newman.
Family (Edemeridse.—Middle eo.vii; ver}' prominent. Nucerdes

nieluiiurii iLiiin. i.

Family Pythidse.— .Vntenna* free; thora.v not margined; disk not
impressed at l):i^f. Pi/lfio iu'(]er Kirhy.

Family Melandryidae —Anienn.e free; thorax margined at sides;

disk wiih basal impressions. MtUindryii KtriuUi Say.

Family Monommidae.—Auteuuiu received in groove.s. Ifi/iwrhngus

op>tcitlu)< (Lee. I.

Family Lagriidae.—Penultimate joint of tarsi spongy beneath.

ArOiroiiuicru iimii Say.

Family Othniidae.— Ventral segments five, free; anterior co.xjv

small. Olhui'is niiihroKux Lee.

Family Cistelidae —Tarsal elaws pectinate. CMeln wrift'^i Say.
Family .Egialitidae.— Wiilral .segments six, the last two elosely

united, the lir>l two ciiiuiate. ^E(/i<ilih'« (hfuli.i 'Sltuwx.

Family Teneorionidae.—TarsjU claws simple; 5 ventnil segments,
in pari i-onnati; aMtenna' usually thickened towards the end; anterior

and middle tarsi ."i- jointed; hind tarsi 4-jointed, the lirst joint almost
always longer than the second; wings often wanting. This very
(xt<'nsive family is dillicult to diagnose. The larva- are .slender,

tlattened, horny, resembling wire-worms, and the Last segment of

the body often bears two spines. The larva of Ttiuhrio tnolitor Linn.,

the meal-worm, occurs in corn and rye meal, and both beetles and
larva' feed on ship-biscuit. Other genera are llelops. Holetophagus,

Blaps, Eleodes, l'pi.s, etc.

Section Isomera.

Phytophaga.

This sri-onp is difficult to dcfmo, but nil agivc in fiH-iling

on vciri'tiililc matter.
F.miily Bruchidse. -These beetles are " (hrysomelidte with the

submentum distinctly pedunculate;" front of head prolonged into a
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broad square beak; antennte inserted in front of the eyes, variable
in length, serrate or pectinate; tibial spurs distinct or obsolete. The
larvas live in the seeds of leguminous plants. Bruchus pisi (Linn.)
infests peas, and B. ohsoleius Say is the bean weevil.
Family Chrysomelidae.—The leaf beetles have the antennoe of mod-

erate lengtii or short, not inserted upon frontal prominences; front
small, oblique, sometimes (Hispini, C'assidini) intlexed

;
pronotum

most frequently margined; tibial spurs usually wanting. This family
includes the Colorado potato beetle and other species, which are
injurious to garden vegetables. The potato beetle (Iboryphora 10-

^:

Fig. too.—Turnip flea-beetle, a,
larva; 6, pupa.

Fig. 101.—Squash beetle, a, larva; 6, pupa.

Uneata Say) finishes its transformations within a mouth after hatching
from the yellow eggs which are laid on the under side of the potato
leaves. In the Central States there are three broods, each of which
pupate usually under ground, the first two broods remaining in the
soil for ten or twelve days, while tlie third brood remain under
ground through the winter, the beetles appearing late the next
spring.
The flea-beetles (Haltica) are little dark jumping beetles which

eat tender and young beets, cucumbers, turnips, etc. (Fig 100). The

CO b o
Fig. 102.—Apple-tree borer, a, larva; 6, pupa; c, beetle.—After Riley.

squash beetle {Didbrotica vitlata Fabr.) appears on s([uash and cucum-
ber vines as soon as they are up, eating the young leaves. The elm-
leaf beetle ^Galeruca xnnthomelivim Schr.) has of late ^ears caused the
leaves of that tree to wither and die, destroying the tree in towns
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ami citk'S. 'riiLic- an- in all from .SOtXt lo Ki.LHX) species of thi>

family.
Family Cerambycidae —Thi' lonj^icorus art' ri-cotriiizcd l»y tln-ir

usually Itmi,' aiiltnuii', by llieir lari;e, broad liwuls, usually ver-

tical. :iii(l distinct tibial spurs. While the Cbrysoimlidie devour the

leaves, tin- trunks of tnes are tunnelk'd and finally drslroyrd by the

hirvie of llii-^ family, calU'd bonis. The beetU-^ tlninselvi-s are

remarkable for their large si/e, rich eolors, and eleirant forms. Over
7500 species are kuown^lbe most beautiful being from the tropics.

Fio. K)3 -Larva of Mouxhammns confu- Via liM.—Tlie iKitle in Its

for. (I, top; h. si.le vi.-w . luiiiiral sizt- :
et'll iu a |>ie».-<- of plajittl

rf, upper, c. iiiuler, siiie of tlie lieail, ea- plank,

largea; e, siile,/, uiiiler side, of pupa.

Beiiinninirwith Saperda, we recall ibe apple- tree borer. S.candid>i

Fabr^ which destroys livimr, especially vouiijr, apple-tn-es. the

fetuale layiuir her eggs by making gashes in thr bark near tin- r\Kits,

the larva "boring upwards into the wood, as it iuerea.<i-s in size with

age. Oncidtrt\idiiguUitm (Sav) places its eggs in small l)ran(hes of

hickory, etc., then gnawing "through the bark bilow, so that the

bniueli afterwards becomes broken off by the wind.
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Fig. 106.—Male.

Piiip-trees are infested by the borer or larva of Monohammus con
fitsor Kirby, which tunnels the tree, and injures the lumber made from
it; the grub makes a creaking noise which may be heard some distance
from the tree in which it is at work. One of these beetles is known to
have issued from the pine wood of a bureau wherein it must have
lived fully fifteen years. The female lays her eggs in cur\ilinear
gashes in the bark in August, and the larva is two'vears in attaining
its full size.

Living, healthy sugar-maples are gradually killed by the attacks of
a beautiful yellow-banded brown beetle {Plagiomtus speciosus Say)

whicli deposits its eggs in gashes
in the bark, the eggs being laid

late in July and in Augu.st.
The hickory "borer (Fig. 105)"and
a very closely allied species
which destroys the locust-tree in
the Northern IStates, are among
the most injurious beetles of this
family.

The sub-family Pi'io?iirm con-
tains almost the largest beetles
known

; among them is Ortho-
soma brunneum (De Geer). The species of Mallodon occur in the
Southern and Western States, and M. melanopiisUiiki. bores in the roots
of the young live-oak, dwarting the tree.

Family Spondylidae.—Tarsi not widened,
and with no brush of hairs beneath. P<i-

randra brunnea Fabr.

Lamellicornia.

The beetles of this well-circum-

scribed group all agree in having
the antennae ending in a club com-
posed of three, sometimes as many
as seven, leaves or lamella^, while

the body is usually short and thick.

Family Scarabaeidae.—Antennal lamellaj
capable of being closely shut into a com-
pact club. This group embraces the largest
Coleoptera and the most bulky of all in-

sects, viz., the gigantic Goliath and Her-
cules beetles. Their larvs are soft-skinned

,

thick-bodied, with rather long legs, and
4-jointed antenna'; they live on roots, etc.,

and often transform in undergi-ound
cells; the beetles devour leaves and the pollen of flowers. There
are nearly 7000 species. Tiie C'ctonia' compiise very large and beau-
tiful beetles; then conies our Southern DyiuixUs iHytis Linn., an allied
species in South America being B. Jie'ixulcs Linn. These are suc-

FiG. 107. — The lesser Pri-
onus. Natural size.— After
Riley.
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ct'C'dfd 1)V the gnipe iRttli-, I'tiulmitu fntnrtata Linn., ami tLe Gold-

suiitli hcctk', ('otaljHi laitiijtnt Linn. The M!iy-l)c-ilK-, or dor l)U^', Ls ii

FlO. 108.—Melaiu.>ipho.sis nf Ur- Muv bcetl.-. J. ;;ruli ur larva; 1. pupa ; 3. 4,

beetle. Natural size.—After Kiley.

very common spocii's; ils larva devours tlic roots of irnxs, somt'times

injuring lawns, also Ibe roots of seedling trees in plantations. Allied

Fio. 109.—Goldsmith beetle and larva. Natural size.

to it is the ros*'chafer. .Varrodaef i/liis sulmpiiiosuA Fahr.. whik'stthe

hciulof the family is ihediaiir-lH'etle \ P/inuug earn ijVx Liuu.). aim Uie

sjicred Searabaiis of Egyptian inscrii)lions.

Familv Lucanidae —ciub \isuallv not Hattenal. leaves not rapablcof

lx>ing elosed. l.'>r,i»us dama Thimh.. stag iK-etU-: P.i.y.^.ifiiy>rnu(>if

Fabr. occurs in all its stages in decayed hard-wood stumps in spring.
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Fig. WQ.—'Lucanus dama. Fig. 111.—Larva and cocoon. Natural size.

Serricornia.

In this groiTp the antennas are usually serrate.

Family Sphindidae. — Tar.si heteromerous, living in dry fungi.
SpMndus americanus Lee.
Family Cioidae.—Tarsi 4-joiutecI; antennae clavate or flabellate. Gis

fuscipes Mellie.

Family Lymexylidae. Front coxae conical, prominent; tarsi slender.
Lymexylon sericonn Harris.

Family Cupesidae. Head narrowed behind; eyes smooth. Cupes
capita*a Fabr.
Family Ptinidae.—Head not narrowed behind; eyes granulated;

mesothoracic epimera not reaching the coxae; antennae with usually
9-11 joints, variable in form. Beetles mostly of small size, often
living in partly decayed vegetable matter. Ptinn» fur Linn, some-
times attacks museum collections. Anobium is the death-tick, and its

ally, Sitodrepa panicea Fabr., has proved at times to be a museum pest.

Family Cleridae.—Antennje inserted at the sides of the front, usual
ly 11-jointed, rarely clubbed;
tarsi 5-jointed, with membranous
lobes beneath the four basal
joints. The beetles of beautiful
colors, occiuTing on plants or
trunks of trees; the larvae live
under bark and are carnivorous,
and those of Trichodes (Fig.
112) infest nests of bees in Eu-
rope. A few (Corynetes, Necro-
bia) live on dead animal matter,
TrMiodcs tni1l((llli Kirby.
Family Malachidae.—Ventral

segments 5 or 6; antenna? insert-

ed generally before the eyes.
Body with lateral, distensible vesicles. Malachius (mens (Linn.).

FlO. 112.— Trichodes apidrins.
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F.imily Lampyridae. —Vi-ntnil sfjrment.s 7 to H; antcniui' wrrato,

nufly pectinatf ur llalu'llati-, inserted on the front ; skin rather thin
;

©
J

Fio. 113.— P/iofiiris /)yi-a/i«, flre-Hy. Natunil size, a, larva; />, pupa; /.head;
e, under side of a larval segment.—Mter Uiley.

found on i)lants. While the Phenirodini arc pho.^sphoresceut, the

tribe fjiinpyriiti vxwhTM-va the fire flies, which have phos
phoreseent organs at the end of the alMh)nien. In the

speeies of P/ioturin l«)lh sexes are winifed, but in /.tim/ii/n's

the fenuih's, eaUed trh)\v-\vornis, are larva-like and wing-
less. The larva- are often carnivorous, living on snails,

worms, etc. The feniales of riungodes anil ZarhijHs are

not easily distinguishable from the larva-, and are phos-
phorescent iFi^'. 1 14).

Family Buprestidae.— Skin very thick and solid; antenna-

serrate; tarsi with membninous loltes as hi the C'leridii'.

Larva' with a large, broad prothoraeic st>gnient, bcxly be-

hind slender, cylindrical; living luuler bark. Thisgroup
is numerous in species, about 27IK) being known. They
usutdly have nutallie retlections and often rich colors; but
arc very injurious to fruit and shade treis (pines, oaks,

etc.). Chi-fiSDliiithris ftihoriita Oliv. is a common and de-

structive species; in l>icerca the tijisof the elytra separate.

Chiilcophont rirf/iiiit'/ixis Drury boris into the trunks of
pines. .Mihitinjiln'lit druuniu'ndi (\\\yh\)

Family Throscidae.—Keseml>ling the next familv. but

with the prothonx tixed so as to be enabled to leap. V"//ri>«-

eiis constrictor Sav.

I
I

r

u
Fio. 114.—
Female
(or larva ?>

of l^en-
gottes.

Fig. \VK—Chi-ysiibiithris feni'
rata and larva.

Fio. 116.—Dnimmond's
^lelanopliila.

Family ElateridsB— Prothorax looselv articulated, the jirostemum
prolonged behiiul. forming a sharp spine which moves in a canty
in <be niesosternum. .<o as to suddenly throw the beetle iu the air
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Fig. 117.—Fire-fly
Natural size.

if placed on its back. The group of snapping-beetles is very ex-

tensive, over 3000 species being recorded; the

larvae are called wire-worms from their hard, slen-

der cylindrical bodies, and are knov.n to live two
years before transfoiining; they are mostly her-

bivorous, a few larvae, however, devouring the

eggs of locusts. Here belongs the fire-fly of the

West Indies, Pyrophonis iioctilucus Linn. (Fig.

117).

Family Rhipiceridae.— Antennae serrate in the

female, frequently flabellate in the males; ony-

chium large and hairy. Sandalus petrophya
Knoch.
Family Dascyllidae.—Head not constricted be-

hind ; eyes granulated ; mesothoracic epimera
reaching the coxae. Larvie more or less aquatic.

Prionocyphon discoideus Saj'.

Clavicornia.

In tliJs group the auteunge are chib-

shaped, wliile the tarsi vary in having from

1 to 5 joints.

Family Heteroceridae.—Antennae short, irregular; legs fossorial.

HeUrocerus pnllidas Say.

Familv Parnidse.—Aquatic beetles, with a retrac-

tile head"; last joint of tarsi long, claws large. Larvae

aquatic, hemispherical ; that of Psephenus lecontei

Lee. lives under stones in rapid streams; the pupa
is formed under the larval skin which protects the

insect beneath like the scale of a Coccus.

Family Georyssidae.—Small, rounded, convex

beetles, which cover themselves with mud; coxae

contiguous; prosteruum semi-membranous. Georys-

8US pusillus Lee.

Family Byrrliidae. —Pill beetles; head usually re-

tracted under the prothorax; body oval or rounded
and very convex; legs retractile. Byrrkus ameri-

ctimis Lee.
Family Derodontidae.—Anterior coxtc conical, transverse

dontas mciculatiu (Mels.).

Familj' Trogositidae.—Antennie straight; tarsi

slender tir.st joint short; living under bark or
in fungi, whilt' certain species are injurious to

grain. Trof/oxiUt rireftrens Fabr.
Family Nitidulidae.—Antenna? straight; tarsi

more or less dilated, tirst joint not short. Larva?
living usually in decaying matter. Nitidula
Mp>istiil((ta Linn., Ipftfasa'atus Linn.
Family Histeridse.—Body oblong and flat, or

round, oval, globose, or cylindrical ; antennae
geniculate; tibiae usually all dilated. The
species are scavengers, living imder bark of

trees, in excrements, and in carcassas. Hister interruptiis Beauv.

Fig. 118.—Larva
of Psephenus le-

contei.

Dero-

Fig. \\9.—Ipsfasci-
atus. o, larva.
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Family DermestidBB.—Sinall oviil or eloiiiratf bfelU's; Ixxly UHual-

Iv scaly or piilttsciiil. JJrrm<Ktrj< lunhiHux Liiin. in the lurva slate

is (hsinictivi- to imisiiiiu tulU'clioiis, fspfcially iiisi'<'ts, as is tlial of

Af(ut/i-iiu« ptllio, wiiicli also cats liolcs in carpets; while the worst

Fio. ISO.— Larva of //('»-

ter merdariiLs.
Fig. IvJl.—Museiuji pt-si. a, pupa; 6. larvju

museum pest is Anthrenm mrim Fabr. (Fig. 121). A. Hcrophula-

ri't Linn, is the carpet hectic, introduced from Europe.
Family Mycetophagidae.—Hotly tlattened; head free. Living on

fungi anil under l>:irk. .\ff/rt(op/ttigu,<ipuncltt(u« l?ay.

Fio. Vi-Z.' Ihnitestt Uiiiliirius ami larva. Fio. lC:i— " I.ft>ly-hir»f' and pupa.
Natural siz*.

Family Cryptophagidae,—Protbonix nearly or ipiite as wiilc as the

elytra; hind inaUliirsi sometimes 4- jointed.' Antlwrophagtm oehntceu*

MVlsh.
Family Cucujidae.— Hody very Hat and long; abdomen with five

free .scirnunts. Living unller bark, ants" ne.st.s7etc. Si^lninujt iturimi-

nu'ii.ti'i^Auu breeds in bnui, rice, and wheat.
Family Rhysiodidae— Ke.senibling Canibida'; head with a distinct

neck; li\ing under bark. lifii/.t.«fMl<j< rj-iinitiut l\\.

Family ColydiidaB.—Snuill iiiseits. usually of an elongate or cylin-

drical form; with regular antenna-; tarsi 4-jointed, simple; legs not

fossorial. Living under the bark of trees, iu fungi, or in the earth.

Colydium ltn(oUi Say.
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Fig. 124—Larva of
"Lady -bird."

Family Erotylidse.—Tarsi more or less dilated and spongy beneath.
Erotylus; Dacne A-mdciilata (Say).

Family Endomychidae.—Tar.si 4-joiuled, or,

from the atrophy of the third joint, apparently
3-jointed; claws simple. Endomychus Mguttattis

Say.
Family Coccinellidae. — IIemisi)herical beetles

with the head deeply immersed in the prothorax;
tarsi with the second joint dilated; claws appen-
diculate or toothed, sometimes simple; larva- of
great benefit to agriculture from devouring
Aphides. When about to pupate, the larva at-

taches itself by the end of the body to a leaf, and
either throws oft' the larva skin, which remains
around its tail, or the cast skin is retained, loose-

ly folded about the pupa as a rude sort of co-
coon. Cocci/ieUa norem-noUtia Herbst (Fig. 123);
P,^yllohor(i 20-m(tnd(i(a Say (Fig 12i).

Family Corylophidse.—Wings fringed with long
hairs; a loose antennal club. CorylopJtv^ truncaius Lee.
Family Phalacridae.—Bodj^ oval, convex; scutellum larger than

usual. PJidlacriiH oralis Lee.
Family Scaphidiidae.—Body oval, convex; elytra broadly truncate

behind; tarsi long and slender. Scaphidium qiiadriguttatum Say.
Family Spliaeriidae.—Wings fringed with long hairs; abdomen

with 3 ventral scgnu'nts. SpJidrius politus Horn.
Family Hydroscaphidae.—Antenna? short, not verticillate, abdomen

prolonged. IlydroMripIiit natans Lee.
Famil}' Trichopterygidae.—Antennae slender, verticillate; abdomen

not prolonged; the smallest beetles known. Trkhopteryx aspera
Haldeman.
Family Staphylinidae.—El^-tra very .short; abdomen entirely cor-

neous, with 7 or 8 visible segments. The
rove-beetles, reeogni/ed by their narrow,
long bodies and upturned abdomens, are
often minute, living under stones, in ma-
nure-heaps, fungi, moss, and in ant-hills.

Staphylinus ruljnniis Nordm.
Famil}^ Pselaphidae.—Very small; head

and prothorax narrower tlian the elytra

and abdomen, the latter obtuse at tip.

Pselaplivs er/rl/xonii Lee.

Family Scydmaenidae.— Differing from
Pselaphids by the long elytra. Scydnuinus
marue Lee.
Family Silphidae.—The burying beetles

have the antenna' clubbed, sometimes near-

ly tiliform; larva^ broad, sides of body
serrated. Necropharvn amermtnus Oliv.,

Silpha lapponka Herbst, <S. surinamenm
Fabr. Adslops hirtus Tellk. is a blind cave-

beetle.

Family Leptinidae.—Eyes absent or imperfect. Lrptinus ieatnceus

Miill. is parasitic on mice, etc. ; LepUnillus validm Horn on the beaver.

Fig 125.—riatypsylla of
the beaver. — After Le
Conte.
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Family PlatypsyllidaB.-HDiiy (hit, likf a cockroach; eyes and
inaiitlihlc's wantiiiL:. IHntyj^ylUi cimtorui Kitseina is, both in its larval

and adult sta.trcs, n parasite of the beaver.

Family HydrophilidBB.—Body oblong, oval, convex, or hemisi)heri-

di'flliod oil )>. OS.

Via. 12t).- llyiirophilus; its epK-case ntid larva. Naiural .-i^io.

cal; palpi often very long; mostly atpiatic; larv;v cariiivorons. Ifi/-

drophilus ti'uui<ju(ari» Say; Spharidiuin scuralxvoidcs (lAnn.).

Adephaga.

Til is icrotip lias bctMi already hrioflv

TIk' wator ami sjffouiul lii'otk's are

usually carnivorous botli in the

la.vi.l aiiil adult stages, though

luaiiv art' |>liyt«»|»liairous.

Family Gjrrinidae.—Hody oval; an-

tenna' irrciriilar. very short; eyes di-

vided so that tliey appear as four. The
whirliiriir beetles are seen in <rroii|is

gyrating and circling on the surface of

ponds and si reams, and Nvhen caught
give out a ilisjigreeable milky thiid

Gt/rinuit honalis Aube.
Family Dytiscidse.—Like C'arabids. ex- p,j,j,

cept in those characters which adapt and
liJT. lis _<;i/i-iiii(5horvnftf

larva of another si>ecitra.
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them for an aquatic life; body oval, broad, and flattened; legs

flattened, oar-like, and fringed. The larvae are called water-tigers

from their fierce habits anil long, slender jaws; when about to pu-
pate they leave the water, and form a round cell in the bank.
Dytiscus fdscirentrifs Say; AcUius medkUus Sa}".

Family Haliplidae.—Antenna? 10-jointed; small yellowish water-
beetles, spotted with black. Haliplusfasciaius Aube.

Fig. 'i2Q.—Dytiscv.sviarginalis, from Europe. A, male, with smooth elytra and
fore tarsi expanded into suckers; B, female.

Family Amphizoidae.—Aciuatic beetles of singular structure, with
the legs adapted for walking. AmpJiizoa inwlens Lee.

Family Carabidae. — The
ground-beetles have the an-
tennre arising at the side of
the head between the base of
the mandibles and the ej^es.

The species are very numer-
ous; their larva? are carnivo-
rous, and live under .stones,

etc., in the same situations as
the parents. In Harpalus
the body is broad, while in

Casnonia the head and pro-
thorax are very slender.
Brachinus, the " bombar
dier" beetle, is remarkable
for di.schargiug from its anal
glands, witb an explosion, a
pungent fluid. Cnrabm seiTa-

FiG. Vid.-Harpnlnscnlkiino^nx. natural <^<« Say is a typical form, as is

size; larva of undetermined species, al.so (Jalosomu calidum Fabr.

,

enlarged 3 times. which climbs trees after cat-

erpillars. Phtiynns cnpripenne Say; BracMiuiKfinnnnsY-Ahr.
Family Cicindelidse.—AntennjE on the front above the base of the

mandibles; ligula small; female abdomen with 6, male with 7, seg
ments.
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The tiger-bcolles not only run with agility, but have a light, swift

Fio. 1.31. — PUi-
tynns cnpri-
penne.

Fio. 132. — Cdlosoma
cnlidnm. Natural
size.

Fio. \S:i.—Cici)idela hirti-
cultLt. I^arva of an un-
known spt'fies.

flight. Their larvtu bore into .sand, propping themselves up in their
holes b\' two dorsal hooked i>rojeclions on the ninth segment. C'er-
tftin South American forms climl) trees like ants, which they resem-
ble. Viciitdelit vulfjiiriM Say, C. hirticollix Say.

OuDEii XIII. SiPHONAPTERA* {Aphaniplem, Fleas).

Althoiigli the fU'M.^ rc'sciiil)!^ Hies in tlieir larviil .sta<je and
in the mode of development of tlie embryo, yet tlie sulults

are now thoui,dit to present siieh a combination of charac-

ters as to throw them out of the great order of r)ii)tera.

where they have been allowed to remain by many authors, f

* Selkcteo AVokks.

Guyon, M. llistoire naturellc et medicale de la Chiciue (Rfii/uc/iopn'on
kfulnintt). (Kev. et 3Iag. de Zool., 18Gr>-(»S. Paris.)

Karsten, H. Beitrag zur Kenntniss de.s Kin ncboprion penetnms

Kr.aepelin. K. Ueber die systematische Stellune der Puliciden Ulam-

Landois, L. Analomie des llundetlohcs (PtileJ- caniti). (Dresden,
!S(i(;.)

Packard, A. S. Development of PaUw mhw (.Mem. IVab. Acad.
Sc. Salem, 187-2). Also the writin-rs of Weismann and Halbiani.

Taschenberg. 0. Die Flolie (Halle, 1880).

t Altli(.u-:li we have held the view of Ilalidav aii.i Osteii Saeken
that the lleas have allinities to the dipterous failiilv M veelophiliihe.
yet. m ilefereiiee {o the researches of Kniepelin aiid the .'piniou of
IJrauer, we refer them to a .separate order; thomrii in iluir embry-
ology and tnuisf,.rmations lleas closely resemble tlies like Myceto-
plula, Simidium, C.'hironomus, etc.
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Besides being wingless, the antennae are 3-14 Jointed, lodged

in a cavity behind the eyes; their mandibles are long with

serrate edges; the raaxill£e are short, the palps being 4-joint-

ed, and the labial palps are also 4-jointed. The labrum is

distinct, but there is no hypopharynx. The body is ovate

and much compressed; there are only two simple eyes, no

compound or faceted eyes. The edges of the head and

prothorax are armed with stout spines directed backwards,

and the entire form of the body and arrangement of parts are

in adaptation to the peculiar mode of life of these insects,

which live under or among the hairs of man and certain

mammals and the feathers of certain birds.

The cat-flea lays eight or ten eggs, which fall on the floor

Fig. 134.—Dog or cat flea (Pulex cinii'x). a, maxillary palpi; h, maxillae (should
be longer and pointed); c, labial palpi; d, mandibles. Larva of the cat-flea:

a, antenna; b, end of the body.

and there hatch, the larvae living in the dust and dirt on

the floor, and feeding on it. In about twelve days after

hatching the larvfe spin a silken cocoon, the pupa being

inactive, and remaining in this state from eleven to sixteen

days.

A serious torment of sandy, hot regions in the tropics is

the jigger, chigoe, ehique, or pique, Sarcojisylla penetrans,

which during the dry season bores into the toes of natives,

especially under the nails, causing a distressing sore.

Family Pulicidae.—With the characters of the order. Pulex irritans

Liuu., the human Uea; P. cunis Duges, the tlea of the do^ and cat.
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An English obsirvLT h;us sc-L-n tleas sucking the blood of caterpilliirs.

Mr. L. O. Howartl stales ihut a species of Ilea, i)os,sibly Pulex yaUiiiit

Fig. 135.—Jigger-flea. a. female distended wth eggs.

Bouche, kills chicktns in Florida, puucluriug especially the heads of
very young, downy individuals.

Okdek XIV. DiPTEEA* (Flies).

Any species of this order may be at once recognized by

* Selectkd Wokks.

Becher, E. Zur Kt-nntniss der Mundtlu-ilederDiptcren (Deiik. Akad.
d. WisMii-i. Wi. II. Hd. \!v., lss-,>,.

Brauer, F. Monographie des Oestriden (Wien, 1863>.

Syslcniiitisciif Stiidiiii auf Grundlage der Dii^teren-larvcn. etc.

(Akad. (1. Wisseiis. Wieii, Hd. xlvii., ISS:3). (Figs, and descriptions

of diplf-rous larva', and list of all works and articles referring to

Ilic inctainorplioscs of Diptcra.)

Dimmock. G. The anatomy of the mouth-parts and -of the sucking ap-

paratus of some Diptera (Boston, ISSl).

Loew, H , and Osten Sacken, C. R von. Monograph of the Diptera of North
America, IStiJT:! Smithsonian Inst ). Also other ess;iys and papei-s.

Hammond, Arthur On the thora.v of the Hlow-tiy (J/i/*M coiuitorut).

i.imi. Soc. .lourn.—Zoology, vol. xv., 1S79.)

Hansen, H. J. Fabrica ori^ Diptcronini (t 'oiH'iiliagen. ]S.^;?).

Kraepelin, K. Zur Anatomie und Physiologic des Biissels von Mosca
yyws f. Wis.xen Zool., xxxix , t)lS;i, 188^)

McCloskie. Q. Kraepelin's Proboscis of .Musca (Am. Nat., xviii., p.
1-2:54. 1S,S4).

Lowne, B. F. The anatomy and phy^-iology of the Blow Hy. Mu«ca
'•oiiti'lon^i (T.,ondon. 187(1).

Macquart, J. Dipteres exotiques uouveaux ou peu conuus (2 vols, en
.") parlies, et ."i supplements. Paris, 1838-55).

Meigen.F. W. Systematische Beschreibung der bekannlen curopJli-

schcn /weitliigeligen Insekten (7 vols. Aachen and Ilamm,
i8is-;r)\

Meinert. F. Trophi Dipterorum (Copenhagen, 1881). (In Danish,
with abstract in Latin.)— Sur les larves eucephales des Dipteres (Copenhagen, 1886). (In
Danish, with French resume.)

(jContinued on next page.)
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its having but a single pair of wings; the hinder pair being

rudimentary, and forming the balancers or JmUere.'<. In

many flies the antennae are short and 3-jointed, the last

joint being furnished with a bristle, which in the house-fly

and its allies is feathery; or, as in the mosquito and its

allies, the antennje are long and many-jointed.
Examining the house-fly as a type of Diptera in general,

B A we notice that the 3-jointed an-

tennae, when not extended, lie

in a cavity in the face. The
mandibles and maxillae, so well

developed in the mosquito and
other piercing or biting flies,

are aborted, though the maxil-

lary palpi are present (Fig. 136,

mxp; Fig. 137, jj). Oil the

other hand, the under lip, or

so-called proboscis, ends in two

flaps (labella), adapted for lap-

ping liquid food. The structure of the proboscis is very

curious. When the fly settles upon a lump of sugar or

other sweet object, or even upon the back of our hand

Fig. 136.—.4, front, and B, side, view
of head of house-fly. oc, simple,
and e, compound, eye; ant, an-
tenna; mxp, maxillary palpi; I,

tongue; lab, labellum. Magnified.

Menzbier, M. A. Ueber das Kopfskelet uud die Muudwerkzeuge der
Zwi'itliiglor (Bull. Soc. imp. Natur. Mo.scou, 1880).

Osten Sacken, C. R. von. Catalogue of the described Diptera of North
America (sccoud edition. Wasliingtoii, Smithsonian lu.st., 1878).
Also numerous papers and monographs published by Smithsonian
Inst., Am. Ent. Soc., etc.

Scheiner. J. R. Fauna Austriaca. Fliegen. (i, ii. Wien, 1863-64.)
Walker, F. List of the Diptera in the collection of the British Mu-
seum (7 parts, 12mo. 1848-55).

Wiedemann, C R. W. Aussereuropaische zweiflllgelige Insekten (2
vols. Ilamm, 1828-30).

Williston, S. W. Synopsis of the North American Syrphidae (Bull. 31,

U. S. Nat. Mus. Washington, 1886).

Dipterological notes and descriptions (Trans. Am. Ent. Soc,
xiii.,1886).

On the N. Am. Asilidae (Trans. Am. Ent. Soc, xi., xii., 1884-5).

Also articles by Bergenstamm and Loew, Bigot, Brauer, Burgess,
Fitcli, Gerstacker, Leach, McCloskie, liiley. Say, Shimer, Walsh,
Westwood, and Williston.
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wlii'ii covfivd with piTsiiiration, it unliciuls its proboscis,

extends it, ami the broud knolj-likc cud divides into two

Fio. 137.—Head an<l proboscis of the l)low-fly. e. eye; c, epicranium; bp. basi-
piobosois; u, maxillary palpus; pr, diitinous ridges uniting witii tlie rudimen-
tary maxilla; Ip, lower labial plate; mp, medi-, dp, disti-proboscis.— After
Kraepeliu.

flat, muscular leaves (Fig. 138, B, 1), which thus form a

broad sucker-like surface, with which the fly laps up

Fio 13S.-l'robosfis of the honse-fly. A. right-side view ; R.vlew ofihe ««me fn.m
above; C, semi lubesof its false traeheii-; /•:. a toolli: /•', arrniig^ineiit of t.-.th
b.-tween roots of false tra>-li.a>; /). two of the false trnclu-a- with wriiikleii
membrane between. In A and ;.'.• /. lab.lliim; o. operculum: i). palps; /, ful-
crum; m, mentum. Magnified.—After McCloskie.

liquid sweets, or any matter which seems good to tiic fly's

mind.

The two flaps at the end of the proboscis are snpjx)rtcd

uiion a framework of strong but delicate rods whicli act as

a set of springs to open and shut the broad flaps. Tiie in-

side of tliis broad, fleshy expansion is rough, like a rasp,

and, as Newport stiites, ''is eiisily employed by the insect
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in scraiDing or tearing delicate surfaces. It is by means of

this curious structure that the busy house-fly occasions

much mischief to the covers of our books, by scraping off

the albuminous polish, and leaving tracings of its depreda-

FiG. 139.—Side view of a labellnm. ca, chitinous arch supporting the false
tracheae {pt).—After Kraepelin.

tions in the soiled and spotted appearance which it occasions

on them.

The thorax is somewhat rounded, and though composed

of three rings, yet these are so consolidated that it is at first

hard to identify them. The prothorax is rudimentary, the

Fig. 140.—Thorax of the house-fly. pm. pronotum; p?-sc, praescutum ; sc' meso-
scutuin; set', niesoscutellum; psct\ postscutellum; a/, insertion of tegula, ex-
tending to the insertion of tlie wings, wliicli have been removed; visphr, meso-
phragma; /i, balancer (lialter); jjt. patagia; vitn. metanotum; epis, epis',

epis", episteruum of pro-, meso- and meta-tliorax; epiti', epvi". meso- and
meta-epimerum; sV. st'\ meso- and nieta-sternum; ex', ex'', ex'", coxae; tr',

tr", tr'", trochanters of the three pairs of legs; sj)', sj)", sp'", sp'"', sp""\
first to fifth spii-acies; tg', tg", tergites of first and second abdominal seg-
ments; u', u", urites.

thorax being almost wholly formed of the middle ring

(mesothorax). The latter consists of three large upper
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pieces, tin* prtencntum, ttcutuni, and the triiingular or

sliieUl-shapcd scuteUum (Fig. 140, .sW). To the .sides of

this scgiiu'iit are attiiohcd the wings. The third ring

(niL'tiithorax) is but jmrtly formed, and cannot be sci-n from

above. It supports tlie bahineers (Fig. 140, h). There are

also broad covering sealcs under the base of the true wings,

called the tf\jid(i. The fly's wing is broad, thin, and trans-

parent, and strengtliened especially along the front edge by

slender, hollow rods called veins. There are six princii)j\l

veins, some of which are branched, and they are in most

cases connected l)y a few cross-veins. The wings move with

great swiftness. The house-fly, when held captive, moves

its wings 330 times a second, and the tip of the wing de-

scribes a figure 8 in the air.

The hum of the fly is its voice. There are three differ-

ent tones in the flv's hum. While flving the tone is rela-

Fio. HI.— Iliiiil boily or abdomen of house-fly. a. dorsal, 6. ventral, c, side,
view; sp'-sp", the four pairs of abdoiui'nal spiracles. Ma^ifled.

lively low; when the wings are held so as to "prevent their

vibrating, the tone is higher, and a higher one still when

the fly is held so as to prevent all motion of tiie external

parts. The latter tone is the true voice of the fly. and is

produced by the spiracles or breathing-holes of the thorax.

Thus, the humming sound is not produced by the motions

of the wings alone. The hind body (Fig. 141) is bruid and
somewhat conicid in shape, and there are seen to be oidy

four segments when seen from above or below: but in the

living fly three more mav be deteet-ed, which can be thrust



122 ENTOMOLOGY.

out of the body like the joints of a telescope, and form a

sort of egg-layer (ovipositor). Flies have no sting, though
certain kinds can bite and stab with tlieir mouth-parts.

The legs are long and slender, and, like the body, they

are covered with fine but stiff bristles. There are five toe-

joints, the last one with two claws. Beneath the claws is

a cushion divided into two lobes or divisions, and armed
with hairs, which are tubular, and secrete a sticky fluid,

which aids the fly in walking upside-down on glass windows
or the ceiling of a room.

House-flies are attracted to horse-manure, in which the

young live in great numbers. On placing a fly in a glass

Fig 142.—The early stages of the common house-fly. A. dorsal, and B, side,
view of the larva; a, air-tubes: xp, sjiiraele. C, the spiracle, enlarged. F,
head of the same larva, enlarged : 6/. labrum (?); md. mandibles: nix, maxillae;
at, antennae. E, a terminal spiracle, much enlarged. D, puparium; sp, spir-
acle. All the figures much enlarged.

bottle, she laid, between 6 p.m., August 12th, and 8 o'clock

the next morning, 120 eggs, depositing them in stacks or

piles.

The eg^, is long and slender, cylindrical, and ,04 to .05

of an inch long and about one fourth as thick. In twenty-

four hours after it is deposited the larva or maggot hatches,

and is as represented in Fig, 142, A. It is a footless,

smooth, round, white worm, with the merest rudiments of
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moutli-parts, as seen at /'. In a day it grows too big for

its skin, which l)iirsts and peels off; this is agjiin repeated

a day later. The ina«:j;ot thus sheds its skin twiee, and

consequently there are three larval stages; the third stage

lasts three or four days.

When about to transform into a jiupa or chrysidis, the

body contracts into a barrel-shaped form, as seen in Fig.

14"-*, D ; its skin turns brown and hard, forming a case

(called pupariiini) within which tlie larva changes to a

chrysjilis. Kcmaining in this stage for about a week (five

to seven days), the fly is formed, and, pushing off one end

of its pupa-case, walks nervously about, until its soft, baggy

wings expand and become dry, when it tiikes to flight. It

thus lives a fortnight before acquiring wings, and, as a fly,

may live a few weeks, perhaps until frost; but in a few

cases may jiass the winter witiiin the house, or in protected

places outside, and appear out of doors in the spring.

There are probably 10,000 species of the order of Diptera

in the United States alone, but to a large proportion of

them the preceding descri})tion will in general apply.

Hence, by studying thoroughly one fly, we can obtiiin a

good idea of the general structure of all.

In certj\in flies (Blepliarocerida») there are two kinds of

females—one kind with mouth-parts adaj)ted ft)r piercing

the skin of animals and sucking their blood, and the other

with mouth-iuirts like those of the male, the maxill;\? being

absent. In tlie females of other flies which suck blood, the

males fi'ed on honey.

In the flies, whose mouth-juirts vary astonishingly in

structure, so that some are piercers and biters, and others

suckers and lappers, there is also a great variety of larval

forms, different modes of metamorphosis, and const'quently

great powers of adaptation to different stations in life. A
few spei'ies live in the sea, many in fresh water, and many.

as the Taehina. are ]iarasites in the bodies of caterpillars

tuul other insects. There is evervwhere a wonderful bar-
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mony between the different kinds and their surroundings,

and thus the order is rich in species and individuals.

Darwin says that the sexes of Diptera differ little in

color; the greatest difference being in some species of Bibio,

in which the males are blackish or quite black, and the

females obscure brownish orange. In Elaphomyia of New
Guinea the males are horned.

Dr. Williston writes us, however, that there are, upon
the whole, more sexual differences, aside from those in the

genitalia, among the Diptera than in any other order. In
the majority of species one finds but little difficulty in

distinguishing the sexes by secondary characters. In a

large proportion, also, there are minor colorational differ-

ences. Secondary sexual characters occur with extreme
rarity in the female, and in the male are chiefly confined to

the head and legs.

Suh-order 1. Pupipara.—These are mostly wingless, de-

graded forms, which are born as pupae from the body of the

parent, the egg and larval state having been passed within

the oviduct. The wingless species are remarkably spider-

like, the names bat-ticks and bird-ticks implying a resem-

blance to the ticks.

Famil}' Braulina.—Wingless, eyeless, minute insects with a large
head. The Bee-louse, Braula cwai Nitzsch.

Fig. 143.—Bee-louse; o, its pupariuiu.

Family Nycteribidae.—The bat-ticks are spider-like, eyeless, or
with four ocelli; with a small head. They live on the fruit-bats.

Nycteribia westwoodii Gueriu (Fig. 144). JSJone exceed two lines in

length.



ORDER DIPTERA. ISf)

Family Hippoboscidae, --Tlu'slici-p-tiik uiMiliorsi'tick are kimwii by

the llutuiii'l lu:iil :iii(l butly, uud by the stunt prolxisiis. The

Fio. H4.—Bat-tick. Fio. H5 -Sheep-tiok and piipariutn.

sheep-tick, Mtiophttgn» orinus Liun., is often very tronblesoine . to

sheep. The horse-tick {Hippubo)<ca equina Linn.) is winged, with

hirge chiws.

Sub-ordtr 'L Cyclorhapha.—Thi.< name has been given

to this subdivi.-iioii of Hies from the fact that the in^rfect

flies escape from the ])iipa-ojise tliroiiffh a circular orifice.

The word '^ maggot" is especially applicable to the larva?

of this group, since they are worm like, whitish, without a

definite head, and are footless. NNIumi about to pupate

their bodies shrink into a barrel-shaped form, and the skin,

instead of being cast off, forms a dense case for the protec-

tion of the soft-bodied, white pupa within.

The types of the sub-order are such insects as the house-

iind flesli-flies, as well as the Syrphus flies. The body is

short and thick, the abdomen conical and composed of

from five to eight segments.

The arrangement of the families here adopted is that

of Osten Sacken's "Catalogue of North American Dipteni"

(second edition. 18T8). while the characters of the families

are taken from Loew's "Monographs of the Dipteni of

North America." Parti., though the order of succession

has been reversed, the enumeration beginning with the

lowest and ending with the highest family. Certain of

the smaller, unimportant families arc mcnticned only by

name.
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Familj' Phoridae.—Antennae 1-jointed, with a long bristle; femora
flattened. Phora incrnssata 31eigen, of Europe, lives in liives on
decaying bee-larvse, and different species feed on both living and
dead insects, and sometimes decaj'ing vegetable matter.

'•^^ i
Fig. 146.—P/io/a incrassata. a, larva; b, pupa-case.

Family Asteidse.—Front bristly above. Asieia tenuis Walker.
Family Phytomyzidae.—Front bristly. Phytornyza clentdiklis Loevr.

Family Agromyzidae.—Front with strong bristles; middle tibiie

•with a terminal spvir. Agromyza coronata Loew.
Family- Oscinidae.—Front without bristles, the crown having only

a few short ones; border of the mouth without vibrissse, which, how-
ever, are represented sometimes hy a small hair on each side.

Middle tibite with small spurs; all the tibite without an erect bristle

on the outer side before the tip. Costa of the wings without bristles.

The auxiliary vein is completely wanting; the anterior of the two
small basal cells is united with'the discal cell, the posterior one is

totally wanting. The species of Chlorops are injurious to cereals,

the maggots living in the stalk. Meromyza amerkuna Fitch.

Famtly Drosophriidae.—Front with bristles above; face with distinct

sub-antennal furrows; at the border of the mouth there is a feeble,

frequently rather indistinct small vibrissa. JMiddle tibitc with very
feeble spurs; on the outer side of the tibite there is either a very
small or no erect bristle before the tip. Wings without bristles on

Fin. 14T.—.^pple-worm and its fly.

the costa; the first longitudinal vein is exceedingly abbreviated; of

the auxiliary vein there is only a rudiment: the dfscal cell is usually,

but not in all genera, united with th<' foremost of the two small
basal cells. Claws and pulvilli very .small. The larva of an unde-
termined species of Drosophila (Fig. 147) injures stored apples,

while Drosophila umpelophtla Loew infests pickled fruit.

Family Geomyzidae.—Yibrisss? distinct. Bimtnia pukhra Loew.
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Family Ephydrinidje.

—

Fucl- cuiivex, with no distinct furrows for

till- n"(i'|>liim nl ilic niit«'iiriii', tind withoiil viljriss;i', tbutij^h frc-

qiu-utiy bestl with hairs or bristles; clypriis viry mutb dovelojiid;

opeuiiig of the mouth liirge; proboscis thickened, with u swolleu

ff^W^mc^

Fio. 148.— .-1, larva of Ephi/drn cnlifomica: n, dorsal, '>, under, c, side, view of
tlie pupa, rf, Ei>hydiit }ialojihihi ; «•, its jnipn-oiuse.

chin. Venation of the wini^s ineomi>lete; tlie au.\iliary vein dis-

tinct only at its base; the foremost of the two small ba.sjil cells

reunited with the di.scal cell. Midille tibia' with spurs. The siu-

FiG. \i9.— rioi>hil<i ciisci. piirent of tlie cheese uiag^jot.

gular larva' are provided with a lontj caudal respiratory tu1>o. E.

tuUophiUi Pack, lives in the brine of the Equality Salt Works,
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Illinois; E. mlifornica Pack, iu Clear Lake, Cal.; while E. gracilis
is abuudant in Great Walt Lake, Utah. The larva; and pupa-cases of
E. californka, which inhabits Mono Lake, are eaten in large quanti-
ties by the Indians.
FamHy Diopsidae.—Eyes situated on long lateral projections.

Sphyraa'phala brevicornis Say.
Family Piophilidae.—Front with some small bristles above only;

clypeus rudimentary, legs rather stout. Piophila cmeiljinn.
Family Sepsidae.—Head rounded; front bristly; border of the

naouth more or less hairy, the foremost hair often imitating a
vibrissa; clypeus rudimentary; proboscis short; palpi exceedingly
small or wanting Abdomen tapering towards the base. Middle
tibiae with distinct spurs; claws and pulvilli small; venation of the
wings complete; the auxiliary vein distinct!}' separated from the
first longitudinal vein; the two posterior basal cells rather large.
Sepsis siiuilis Maccjuait.
Family Opomyzidae. — Opomyza signicosUi Walk.
Family Heteroneuridse.—Front with long bristles; clypeus not

developed; palpi broad and proportionately large; legs slender.
Heteroneui'd ulbiiuinui JVIeigen.

Family Phycodromidae.—Thorax and a'bdomen flat. Calopafrigida
Fallen. Europe and North America.
Family Sapromyzidae. —Venation complete; auxiliary vein of the

usual structure, frequently very near the first longitudinal vein;
costa of the wings without bristles or a marginal spine; longitudinal
veins without pecidiar hairs; posterior basal cells small. Front with
a single row of bristles on each side; no vibrissa on the border of
the mouth; clypeus rather rudimentary-. Oul}- the middle tibiai

Fig. 150.—Lonehasa. a, larva ; h, pupa-case.

have terminal spurs; all the tibife with a small erect bristle on the
outer side before the end. Ovijiositor of the female not horny.
Sapromyza imlgnriH Fitch.

Family Lonchaeidae.—Like the Sapromyzidsp, but the female has a
horny, 3- jointed ovipositor. The species bore in the bark of wil-
lows, etc. Loncht'K polita Say.

Family Trypetidae.—Venation complete; the end of the auxiliary
vein runs steeply to the border of the wing and becomes obsolete;
first longitudinal vein always with bristles, the tliird frequently, the
fifth sometimes; two posterior basal cells rather large, the hindmost



ORDKR DIl'TKRA. 129

oftni prolon^'i'd to a point. Front on null .side wilh two rows of
bristles, oiii' of wliicli is siluiitfd nion- al)ovc and in front, tin- other
below aud exteriorly. Horder of the mouth with no vibris.sa'.

Cl\'peiis none or rudimentary, l^roiwseis never thickened. Only
the middle tibije with spurs; all the tibia- without an erect bristle

on the outer side before the tip. Ovipositor horny, consisting of
three elougated retruclile se:,'ments like the drawers of a telescope,
the hist of which ends in a simple point. Tri/jM'ta Jhrt^ceiitue Linn.
Eurojie and .Nurlli America.
Family Ortalidae.—Venation of the wings complete; au.xiliary vein

:5eparated from llie lirsl lonufitudinal vein, and runnin.i,' to the border
of the Willi; ill the usual way, under an acute aiiirle, and remaining
])erfectly distinct in its whole length; third longitudinal vein gen-
erally with coarse hairs; two posterior basal cells large, and the out-
ward one freciueutly iirolonged in an acute angle. Front with
bristles on the upper part only; no vibrissje at the border of the
mouth; clypeus commonlv very much develojied, and proboscis
often very much thickened. Middle libije alone with s[uirs; no
tibiiK with an erect bristle on the exterior side before the tip.

Ovipositor of the female rallicr lljittened and horny, consistim;: of
three elongated .•ieginents, forming three drawei-s like those of a
telescope, and ending in a simple |ioiiit. I'i/i'/"/<i umlita Wied.,
Tiitoxa Jkxa Wied.

Fio \^\.—Triioxaflexn, onion tl.v. nml niagRot

Family Micropezidae.—Body long and slender; legs .short; front
with bristles mar the crown. CdlohiOt xnUniiijH'nnin Sav.
Fnnuly Psilidae. -Hody slender; face receding, nuuitli small.

PxiJi! hicolor Mcig. Kurope and North America.
Family Sciomyzidse— Front with two bristles, one behind the

other, on the side before the vertical bri.stles; middle tibi.e with a
greater number of bristles at the tip. Scioini/z<i nUhX-astat,! Fallen.
Europe and North .America.

Family Helomyzidae.— Front bristly on the upper half only; all the
tibia' spurred. Niloi/ii/za npioi/ix Loew.
Family Cordyluridse.—Venation of the wings complete; Iwth pos-

terior basal cells of considerable size; auxiliary vein well seiwrated
from the lirst longitudinal vein, which is bare.' Entire side of the
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front bristly; anterior border of the mouth with strong, visually

numerous vibrisste. Tibi;e with spurs. Scatophnga stercorarm Linn.
Family Anthomyidae. —Thorax with a complete transverse suture.

Fourth longitudinal vein stiuight or nearly so, hence the iirst pos-

FlG. 152.—Onion fly. a, larva, natural size; h, the same, enlarged.

terior cell is fully open. Tegulai rather well developed. PhorMa
ceparum Mcig. (Fig. 152). Homnlomyin scalaris (Fabr., Fig. 153) is

the privy-fly; the maggots of this and //. cunicularis are sometimes
discharged from the human intestines and urethra.

Family Muscidae.—Bristle of the antenna? entirely plumose
(Musca) or pectinated (Sto-

moxys). Bodj'^ never slender;

thorax short; wings with the
first posterior cell only slightly

opened, or else closed at the
border of the wing; tegulse

large; legs stout. All the fore-

going families, with the three
following, are by many au-
thors placed in one great
familj'^ Muscidtf; b\it, to accord
with oiu' present imperfect
knowledge, Locav and others
have ]irovisiona]l3' divided
them into a great number of
small families. Musca domestica
Linn., the house-fly; Lucilia

Fig \T,ii.-mmalomyia scalaris (?). a,
ma^eUaria Fabr. sometimes

larva. naUu-Ml -izt-; b, eularRed.—After lays its eggs m wounds ui the
Curtis. skin of man, producing hard

red fluctuating tumors; its maggot is called tlie "screw-worm;" in

one case 300 of these maggots were found in or dropped from one
man's nose or na.sal cavities, where it had destroyed the soft parts,

causing death. L. ra>sar Linn., the blue-bottle fly; CalHp/tora ery-

thror£phaln Meig., the meat-Hy; Stomoxys cala'/ra nsLinn. has a long,

slender, hard proboscis; it breeds in or about stables, and bites

horses and human beings.
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Fnmily Sarcophagidae.

FiQ. \^.Snrcophaga sarracenifp. c, fl.v; a.

larva; 6. pupa-ejise • rf, g, head ; e. end of
body; /, spiracle or larva; i, autenna; h,

foot of fly.—After Kiley.

IJristU' (»f the anti-niuf plmnosi' or hairy,

with the apex bare. First

ptisteriur t-ell only slightly

opened or else dosed; tej^u-

lie large; legs siout. .S/r-

ctfphagu cttrnaria Linn., the

llesh-rty of Europe, is blaek,

with the thorax streaked
with gniy, and the abdomen
checkered with whitish; it

is vivipanois, the eggs being
hatched before they are laid.

S. mrract iiiir Kiley.

Family Tachinidae.— Bri.stle

of the antenu;e bare, or with

a very short pubescence; thorax short; lirst posterior cell closed

or only slightly opened; legs short. Larva; parasitic in caterpillars

Fio. 155.—Taohina fly, and larva,

and other insects, living on the fat and juiies of their host; many
in jurio'.is caterpillars being destroyed by these u.xeful tlies.

Family Dexidae. —The species diiler from those of the TachinidiE
in having the bristle of the antenme either pubescent or plumose;
and from the Muscidju in having the abdomen bristly above. Jhxia
iinii'i.i Say.

F.imily (Estridae.—AntenuiP inserted in rounded pits; the middle
p:irl of llu' face i xceedingly narrow; the opening of the mouth very

small; the mouth-parts rudinuntary. Larva' u.-^ually very thick,

with a spiny skin. The ox bot-lly (iri/itodennn fiorij< l>e Geer) apiH'ars

from June to September, the worms occurring during .May and in

the svimuu'r in tumors on the backs of cattle, until in .luly they fall

to the ground; they remain in the j^ujia case "JlJ-oO days. The iiuv^-

gots of the horse bot-tly ((r'uftfrop/iilii.H eqiii Fabr.) hang by their

mouth-hooks to the walls of the horse's stomach.
Family Platypezidse.—.Vntenna' wiihan apical bristle; hypopygium

symmetrically turned under the abdomen; middle tibi;e ^\illl spurs;

empodium wjuiting /Y(//.v;)»2'/ anihrtix Loew.
Family Pipunculidae—Small tlies with the head almost eulirely oc-

cupied by the eyes; face very narrow. Pipiinculun ciufjuloiujt Ix)ew.

Family Conopidae.— Wiu^p-like. with a long abdomen; ej-es broadly
separated; proboscis much prolonged; third joint of the antennae
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with an apical style or a thick dorsal bristle; parasitic in the ab-
domen of wasps and bees. Conops tibials Saj'.

Family Syrphidae.—A spurious longitudinal vein between the third

Fig. 156. a Fig. 157.

Fig. 156.—Bot-fly of the ox. a, larva. Fig. 157.—Horse bot-worm, enlarged.

and fourth longitudinal veins; first posterior cell closed; no depres-
sion in the face for the antennae. Often wasp- or bee-like in shape

Fig. 159. Fig. 160.

Fig. 158.—Rat-tailed pupa-wise of Eristalis.

Fig. 1.59.—Jl/prorfo/i jiosticota. a. its pupa-case.
Fig. 160.—Syrphu:i Oleso^riipta.) politus, and Aphis-maggot, natural size.

and coloration (Williston). The larvaj of mauj^ .species devour
Aphides, etc., and ma}- be observed among their colonics. The
larva of Eristalis, wliicii lives in stagnant, brackish, or excremen-
titious water, breathes by a long caudal tilameut.

Sub-order 3. Orthorhapha.—In this crronp the pupa is

usually fi-ee, not coarctate, and escapes from the larval skin
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throuf];li a T-shapt-d oponiiiLr. or rairly through a ti-ansverse

rent fjctwcen tho seventh and eighth abdominal segments.

The following families, to and including the Xylophagida?,

belong to Section 1, Brack ijcent, in which tlie antenna?

are sliort and 3-jointed:

Fiunily Lonchopteridae.—Wiii;i,rs willi Hit- tlinc Itasnl coll?; of iikuUt-
!itc si/.i', ami of nearly oiiual k-iigtb; anteunte with an apical hrislle.
lAHich(>]iU'rii ripurin Mcii;.

Family Dolichopodidae.—First basjil cell rather short, the secoud
united will) ilic disi al cell, the third small; auxiliary vein runuinj^
into the tirst lon>riliidinal vein; third longitudinal vein simple, the
fourth sometimes furcate; no intercalary vein. llyiu)pyi:iiini sym-
metrical, l)ent under the abdomen; empodium small, membrana-
ceous, linear. Generally metallic green, brisk, small, restles.s tlies

which devour other insects. DuUchopuH cupriiuiH Wied.
Family Empidae —Hody rather long; head rounded, the eyes in

the males touching each other above; third jt)int of antenna' simple,
with a terminal style, or a terminal or dorsal bri.stle. These flies are
voracious, attacking other tlies. Einpis armijiea Loew.
Family Cyrtidae.—Head often minute, the eyes very large and

meeting aliovc; thora.x and abdomen much intlaled; teguhe vaulted,
very lnrg»\ prol)oscis often very long. Certain of the larva' are pani-
sitic in spiders or their cocoons. Acrocera bimacuiiUi Loew; IauUi
kkttiiO. Sacken.
Family Scenopinidae.—Three basal cells very large; third joint of

the short anlcnme without style or bristle. Larva very long and
slender; occurring under carpets, and probably feeding "on carpet-
moths and Fsocids.

Family Therevidae.—Differing from Asilida* in the labella being
not horny, l)ut 11. ^by; antenna' short, with a terminal style of varia-
ble form, soiiuiinus wanting. Larva- like those of "Scenopinus,
with the segmcnis in most of tliem constricted, the bodv appearing
as if composeii of nineteen segments behind the head. ' Thinm al-
liif'i)s Loew.
Family Bombylidae.—Three ba.sjil cells of the wing much pro-

longed, with usually four po.sterior cells, and the third:joint of the
antenn.e not ringed; the probo.scis is long, and the body is in most
of the speiics densely hairy. They are mostly very swift on the
^»•ing. often hoviring niotioiiless in "ibe air. and" then" darling away
as quick as a Hash. The larva- of Bombylius are jianisitic on beei;
those of St/stnc/nis areas O. Sacken and Ap/i(rlMin(>i,s mus (). Sacken
feeding on the eg-rs of locusts (("amnula and C'aloptcnus).
Family Nemestrinidae.—Many have wings with niinuTous cross-

veins, so as to lie almost net-veined. In tile Africjin .\fi<;i.y(orfii/nrAu4

loiu/iroKtiis, a lly oidy about two-thirds of an inch iii lenglh. the
proboscis, which it u.ses to suck the nect:ir from tlie Ilower of
Gladioli, etc., is nearly tliret' inches long. The Kuropcan Ilirmo-
lu'urn ohyiira deposits"her eggs within tlie burrows of Atuhaxia. a
Buprestid beelle; the fresblyhalched larva dilVerinir very singtilarly
from older larva', the sixth io twelfth segments In ing e.ach provided
with a pair of hooks, aud they are supposed to attach themselves to
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Fig. 161.-Robber fly, Erax
bastardii.—After Riley.

a large beetle (Rhizotrogus), on whicli secondary hosts they are ap-

parently parasitic.

Family Midasidae.—Antennae club-shaped, the third joint composed
of several di.stiuct joints. Midas clavahis Drury.

Familj' Asilidae.—The robber- flies are large insects, one species

being two inches long; third joint of antennae simple; with or with-

out bristle or style; and the under lip horny; they are the most sav-

age and rapacious of all flies, their beak being well developed.
Promachus fitcMi O. Sacken was once ob-
served to destroy one hundred and forty-one

honey-bees in a day; Laphria resembles
humble-bees. Anilus novip-scotim Macci. ; Ei'ax

bastardii Macq. (Fig. 161, b, pupa).

Family Leptidae. ^Antennae with Ihe third

joint simple, with a simple or thickened
styliform bristle; three membranous pads
below the claws. Leptis ((Ihicm-nis Say.

Familj^ Tabanidse.—Third joint of the an-

tennae annulate, and always without style

or bristle; eyes large; tegulae large. The
females of the horse-flies alone bite, the jaws
and maxillfe being awl-like, rendering the

bite painful. Tabanus lineola Fabr., Chry-

salis niger Macq.
Family Acanthomeridse.—Very large flies,

with mouth-parts consisting, even in the males,
of four bristles. Acanthomera bellardii Bigot.

Family Stratiomjadse.—Third anteunal joint

annuhxted; costal vein only reaching the middle
of the wing; tibite not spurred. The larvae live

in water, earth, or decaying wood. Fig. 162
represents a larva found living in abundance in

the alkaline waters of Clear Lake, Cal. 8tra-
tiamyia picipes Loew. Sargns decarus Say.

Famil}' Coenomyidae.— Canomyia pallida Say.
Family Xylophagidae.—Third antennal joint

annulated; costal vein encompassing the whole
wing. Xylaphagus rufipes Loew.

The succeeding families belong to Sec-

tion 2, Nemntocera, in whicli the antennas

are long and man3'-jointed.

Family Rhyphidae.—Three ocelli; wings with
a perfect discal cell. Rhyphm alternahis Say.
Family Di-idae.

—

Dixa clnraia Loew.
Family Tipulidae.—No ocelli; legs ver}^ long.

Tlie crane-flies form an extensive group whose
larviu live in soil, mould, fungi, and sometimes
in the water; tliej' are reiM-esented by Trichocera
regelationis Linn., Tipula tririttatu Say, etc.

Family Psychodidae.—Body with long coarse
hairs; wings very short and broad. Very small

flies seen flymgand leaping on windows, etc. Pisychodes alternata Say.

/i 1\ ,:?'

Fig. 162. — Larva of
Stratiomj'ia.
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Family Orphnephilidae.

—

OrphiuphiUi UxUu-ni Kullu'.

Family Chironomidae.—liody vt-ry shiuiir ; aiitoniui' jiiumosc;

larva' a(iiialic. sli mlii-hodicd. often biuofl-rod. A sim-cIcs of C'era-

lopogon is ilir iiiidirf, llie " Siinnlinni /locirum" o{ Harris. I'auypua

it It nil lilt II.-* Say, ('liiroiiomii.t nimriinnliis Fitcli.

Family Cuiicidse.—In the mosiiuitocs y\\v fiiiialfs liave the mouth
parts vory long and sk-ndi-r, and hiirhiy dcvc-lopt-d, while the mandi-

hk'sof the males, eiuiini: like a i)addle', are not adapted for piereinj^;

those of the females are perforated at the end for the exit of the

poison, the opening ctnineeting, ae< ording to MeC'loskie, with a

duel leading from the poisou-glauds m the prothorax. The wings

Fio. 163 —vl, larva; B, pupa; a, end of B of niosquit<i.—Buifress del. C\ Head
and moulli-parts of niosquito; e, eye; rr. antenna-; li>r, laltnini; /i, hypoplia-

rynx; m, mandibles; j;ij-, maxilla'; ntjrp, uuixillary palpus; ll>, labium; c,

clypeus.—After Dimmock.

are fringed, and the veins covered with scales. The larva^ are

a<|uatic, breathing by a respiratory tube (c) at the end of the luuly

and bearing a t\irt of bristles, while the i)ui)a' areaided in swimming
by two broad thin paddle-like caudal apjiendages, and res])ire by two
thoracic tubes (</). The larva of C'orethra is beautifully transparent,

thus escaping destruction by its enemies, and when quiet rests in a

horizontal position. Ciilij- ri'liatu.s Vabv.

Family Blepharoceridee.—Body long and slender, like a large mos-
(piito in general appeanmce; wings broad, but naked. The larv;e

ar-' of reinarkable sliape, and at tirsi do not look like those of n lly.

since the body is divided into six divisions sonu'whal like an Asellus.

or water sowbug. They adhere to smi>oth rocks in swift streams

by six suckers arranged in a line along the under side of the body,

aiul breathe by live pairs of lilamental gills. The i)ui>a' are llat be-

neath, with two sets of club-sha]Hd breathing appendages situated

on the thorax. There are, moreover, two kinds of females, (nie

being like the male, not sucking blood. Bhplutroctrti fiL^ruiUt West-

wood is native to this country, ami Paltostoina torniitiinn Milller to

Brazil.

Family Bibionidse.—Prothorax much developed; wings without a

discal cell; «oxa' not pr<»longed. Larva> cyliiulrical. often injuring

lawns from feedinsr on the roots of grass. Bibio ,ilbijhiiiii.^ Say.

Familv Simulidee.—Bodv short aiul thick; head bent under the
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large liximped thorax; the mouth-parts, jaws, etc., well developed,
the fly giving sometimes a sharp
bite, but often leaving behind a
clot of blood without giving pain.

The larvae live in running streams,

and when about to transform make
conical pouch-like cases attached
to eel -grass, etc., wherein they
pupate. The black flj' (SimuUum
molestum Harris) abounds in the
Northern States, and probably ex-

tends to the arctic regions. The
southern buifalo-gnat (yS. pecuarum
Riley) and the turkej^-gnat {8. meri-

dionale), owing to their severe bite

and the great multitudes of the
females, occasionally, along the
Mississippi River from St. Louis to

the mouth of the Red River, kil]

mules, horses, cattle, sheep, hogs,

dogs, cats, setting turkeys and hens,

while three cases of death to human
beings iire recorded.
Family Mycetophilidae.—The fun-

gus-gnats have a rather slender
body,with long legs and cox3e,while

the wings have but few veins and no discal cell. Sciura malt (Fitch)

lives in apples; the larva of another species of Sciara, called the

Fig. 164.—Black fly and larva.

Fig. 165.—Mycetobia nor-

dida. a, larva; b, pupa.
Fig. 166.—Hessian tly. a, larva; b, pupa-

After Fitch.

"army-worm," living under the bark of trees, will, when about to

pupate, form processions four or five inches wide and ten or twelve
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feet lon;^:. Mi/retvbui sordiiUi Pack, lives in sour sup in cnicks of tlie

bark of clm-lrccs.

Fainilv Cecidomyidae.—This •^rral family of jrall-^jrnats coiiipriscs

mosijy iiiiimlc Hies, which have Imt few veins in tlie winj;s, short
coxtu, the femora slender, and the tibiie without si)urs. They insert

their eiri^s in the leaves of trees and stems of i)lants, niisiuj:: a ipill or
tumor within whicli the mairirots, t)ften pink in color, live. The
larva of .Miasior produces ViMinLT, liviiii,' larva*. E.xamples of the
family are the wheat midi,'e, JUploKia tritu'i (Kirby, Fig. 238), and
Hessian tly (Fiir. ~;{7). (Wi<hiiii/iH f/roKMul/irur Fitch cau.ses the goose-
berry to turn prematurely red.

OhDKR W. LEPIDOPTERA* {Maf/lS and IluUvrjJirs).

The Ix'giiim'f in tlio study of insects, after dissecting a
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locust, could not do better than to examine a common
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butterfly aud watch its transformations from the caterpillar

to the winged state.

We will select for study one of our largest and most com-

mon butterflies, the yellow and black SAvallow-tail {Papilio

Turniis) (Fig. 167). It may be found flying about lilacs,

etc., from the first of June until midsummer.

We shall see in this, as in most butterflies, how large the

wings are in proportion to the body, and that they are so

thickly covered with microscopic scales as to be ojiaque,

while the body is also covered with fine slender scales like

hairs. We shall see, also, that the form of the bod}^ is more

or less spindle-shaped, well adapted for flying rapidly

through the air. The head is small, not wider than the

mid body, while the hind body is narrower than the mid

body and tapers to a rounded point.

Now, looking at the head, which in front and above is

thickly covered with hairs, we notice the

large compound eyes, and that from between

them arise the antenua3. These are very

slender, and end in a knob. There is in many
butterflies a naked space on the under side

of the knob, in which are minute pits, which

are probably organs of smell. There is but

a single pair of mouth-feelers (palpi) in the

butterflies, though two pairs exist in many
moths. These are the palpi of the under lip.

Fig. 168. - Side ^yhich are held up in front of the face. Be-
view of head of

. ^ i i •

a butterfly (Eu- twecu them IS the tongue, which is a long

showing anten- slcudcr black tubc, wliicli at rest is coiled up
ong

. ^.^^ ^ watch-spring between the feelers. If

one will watch a butterfly at a flower, it may be seen unroll-

ing its tongue in order to probe the bottom of the corolla.

The tongue is the only means by which the butterfly can

obtain food. It sips or sucks up the nectar of flowers, or

drinks water, imbibing it through this tube. The jaws are

absent, except in the Tineids, where they are, however.
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rudimontary. Mort'ov*-!-, the l)uttc'rfly needs little food; it

only lives lon<( enoujjh to lay its egi^s, when it dies.

By looking at our specimen after the scales have been

rubbed off the head, which may be done by a stumpy hair-

Fio. 169.—Butterfly's head, denuded of scales.—After Burgess.

pencil, it will a])pear somewhat as in Fig. 1G9 of the

Archippus butterlly. This represents a front view of the

head: a, a are the antennae; oc, the eyes; <7 is the front or

clypeus, and lb indicates the upper lip, and mil the supposed

jaws; tk is the tongue, cut off to show the tube in the

middle. How the latter works can be seen by looking at

nnf.

FiQ. 170.—Section through the tongue of a liutterrty.—After Burgt-ss.

Fig. 170. which represents a cross-view of that of the Da-

nais butterfly. The maxilla^ in some moths, such a^ the

great, green, tailed Luna moth, are short and separate, like
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a pair of blades. Now the tongue or proboscis of the

butterfly is formed by the union of these two blade-like

maxillse; and they are so closely united together as to form

a hollow tube or proboscis (c), through which the nectar is

Fig. 171—Fore and hind wings of a butterfly, showing the venation, a, costal
vein; b, subcostal; h^, 6^. b^, h^. b^, the five subcostal veinlets; c, the inde-
pendent vein (it is sometimes a bi-aiich of the subcostal and sometimes of the
median vein); d. median vein; d', (P, rf^, d*, tlie four median veinlets; e, sul)-
median vein; /, internal vein; h. iuterno-median veinlet. rarely found; b and
d are situated iu the " discal cell." Lettering the same in both wings.'

sucked with tlie aid of the pharyngeal sac, which serves as

a pumping organ to suck tlie liquid food through the pro-

boscis, and force it backwards into the digestive canal.

The wings of butterflies are beautifully painted and or-

namented. If, however, we examine the scales separately

under the microscope, we shall see tliat they are colorless.

The variety of color on the different spots and bands is

due to the arrangement of the scales, i.e., to the interfer-

ence of the rays of liglit passing through them.

In the butterfly, as in the liouse-fly, it will be seen that

the front edge of the fore wings is strengthened by two
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veius, one of wliicli has three branches running parallel with

the edge. As tlie weiglit or pressure of tlie air while mak-

ing the stroice is borne chietly by tiie front of the wing, it

needs these rods to strengthen it.

The scales of a butterfly's wing differ much in shape on

diiferent parts of the body. On the wing of the Cecropia

moth the hairs of the body and base of the wing are seen

to pass into broad scales, represented in Fig. 172. They

FiQ. IT ArrttiiK«?iiieiit < I i III 11 moth's wing, a, sonio enlarfred.

are attaclied to the wing and laid partially over one

another like the tiles on a roof, being inserted in irregular

rows.*

The caterpillar or larva of the Turnus butterlh* may be

found on the apple or birch and other trees. In July the

butterfly lays a nearly round egg (Fig. ir»7. -I) upon the

leaf, and by the end of summer one may And the great

green worm in the same place. The body is round, fat,

and smooth; there are twelve segments behind the head.

From the top of the segment next to the head is projected,

* Accordin!! to Dr. Royston-Pisrirott. tho foot-stalk or pedicel of a
scale eonsists <if two nuinbraiU's unitnl t<i form a tulie wliicli irithers

up and distributes the nourishiiiir tliiid anionic the .<tri:ilions or rilis of
the seale. The scale has been resolved into a series of latticed ril»s,

connected by irreiriilar cross bars: each rib disj^layin-r double black
margins, and the cross bui-s often beadeil. The scales of Lepidoplera
make admirable te.st.s for the hitrlu'st powers of the micniscoi>o.

luthe scales of AforpJio ci/pn\t " the cross-bar stnicture. like all these

azure blues, is most delicate, and i^rodiices glorious color."' PnpiUo
troiUi* " is worth close investiuation for reticulatctl bars." (Micro-

scopical Advances, xxvii.; English ^lechauic, Nov. 11, 1887.)
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Fig. 173.

—

a, egg of Pieris ole-
racea; h, Coiias philodice; c,

Vanessa atalanta. — After
Scudder.

when the caterpillar is disturbed, a singular V-shaped

yellow organ, which sends out a

disagreeable smell, and is thought

to be repugnant to birds, ichneu-

mon insects, etc. On each side

of the third segment is a large

eye-like spot, peculiar to this

species. There are along the

body nine pairs of spiracles, one

on the segment next to the head,

and eight pairs on the fourth

to eleventh segments, or what

correspond to the first eight abdominal segments of the

butterfly, the latter having, however, but seven pairs of

spiracles on the hind body.

The caterpillar's eyes are minute, simple eyelets, three or

four on each side of the head, and only useful, probably, in

distinguishing day from night. This is useful information,

considered from a caterpillar's standpoint, as most of them

hide by day and feed by night. That caterpillars are very

hearty eaters goes without saying. They perform prodigies

of gastronomic skill. Did all the caterpillars which are

born into the world survive the various ills and enemies

they are heirs to, not a green thing would be left on the

face of the earth. The locust's mission would be ended.

It appears that when there are several broods of caterpillars,

those of the later broods are hardier than those of the first

generation.

The jaws of the caterpillar are

large, black, horny appendages,

and are toothed on the cutting

edge, so as to pass through a leaf

somewhat like a circular saw (Fig.

174, md ).

The silk is spun through the

tongue-like projection of the under

lip (Fig. 174, s). It is secreted in two long sacs within

Fig. 174.—Mouth-parts of cater-
pillar, a. antennae: the ocelli

placed outside; lb, labrum;
li)i, labium; mx, maxilla.

—

After Burgess.
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the body. The third is drawn out by tlie two fore feet,

which are three-j(Miited and end in a sin<^le claw. The k'gij

on the hind Ijudy. sunietimes called prop-legs, are lleshy,

uot jointed, and end in a crown of hooks which curve out-

ward, enabling the cateri)illar to lirnily grasp the edge of

the leaf or twig of its food-plant.

Most caterpillars are more or less hairy or spiny, ren-

dering them, when especially so, disagreeable to birds; be-

sides this, they are bright-colored, so that birds readily rec-

ognize them and waste no time over them, but search for

the common green smooth-bodied ones, which are, however,

so dithcult of detection by the birds that plenty are left to

become moths or butterflies. Certain caterpillars, as the

currant-worm, though smooth-bodied, are brightly spotted;

these, however, the birds find, have a disagreeable taste.

The bright colors are thus danger-signals, hung out to warn

the birds.

We will now suppvxse that the caterpillar has got its

growth, and is about to change to a chrysalis. When fully

fed the caterpillar stops eating, and in a day or two throws

oft the caterpillar's skin and becomes a pupa or chrysalis.

The latter word is derived from the Greek, meaning golden,

in allusion to the golden spots which adorn the chrysalids of

some butterflies. Our Turnus caterpillar, before pupation,

as the act of becoming a pupa may be called, becomes short

ami thick, with the head drawn in. It spins an open-work

platform of silk on the under side of a leaf; its tail is firmly

anchored in the mass of silk by certain hooks at the end,

and meanwhile it throws around its body near the head a

strong silken cord as a support. Our Turnus chrys:dis is

not bright-colored, but allied in color to a dry leaf or piece

of wood, so as to be easily overlooked by birds. Here it

remains through the winter until the end of the succeeding

May or first of June, when the butterfly within, which has

been growing rapidly during the preceding warm tlays, by

its convulsive struggles bursts the pupal skin on the back,

forcing the covering of the head and mouth-parts a^ide, and

10
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Fig. 175.—Traiisfoniiations of Danuis archippua. A, egg, enlai-ged" B larva*
C, a, b, c, semi- pupal stages; B, pupa.—After Riley. (To face page 147.)

'
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draws itself out of the rent. It stands on its feet for a few

minutes, while its wings exj^and, and then takes flight and
sails gracefully through the air on its broad wings.

Eigs. 175 and 176 illustrate the metamorphosis of the

Dana is arcliippus from the egg to the butterfly. The stu-

dent should try to repeat Eiley's ob-ervations on the way
in which the chrysalis suspends itself by the minute curved

hooks of the abdominal spine or cremaster. When about

to transform, the caterpillar stoj^s eating and contracts in

length, also becoming thicker. It then spins a little tuft

of silk to the under side of whatever object it may select,

and entangles the hooks of its hind legs in the silk, as at C, a.

It then casts its skin, pressing it back to the end of the

body as at h. Quoting Eiley's exact words: " The supple

and contractile joints of the abdomen are made to subserve

the purpose of legs, and by suddenly grasping the shrunken

larval skin between the folds of two of these joints as with'

a pair of pincers, the chrysalis disengages the tip of its

body, and hangs for a moment suspended as at c. Then
with a few earnest, vigorous, jerking movements it suc-

ceeds in sticking the horny point of its tail into the silk,

and firmly fastening it by means of a rasp of minute claws

with which that jjoint is furnished.^'

In most Lepidoptera the males emerge and fly about for

some time before the females. Darwin infers that the

adult males of most Lepidoptera generally exceed the fe-

males in number, " whatever the proportion may be at their

first emergence from the egg" (Descent of Man, i. 305).

The "assembling" of moths is a curious fact. If a vir-

gin silk-worm moth be exposed in a cage, great numbers of

males will collect about the box. It is so with some beetles,

as the Priomt? hvcvicnrnis and probably other longicorns.

The wings of the two sexes of Lepidoptera often differ

in venation, and usually in outline; while the males of

certain South American butterflies have tufts of hair on

the edges of the wings, and horny excrescences on the

disks of the hinder pair. The males of certain butterflies
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are in parts clothed with peculiar hairs, called andrucotiia

(Fig. 178). Fritz Midler has shown that the males of

certain butterllies are rendered attractive to the other sex

by secreting odorous oils of the ether series.

Certain hair-like scales on some butterflies give off an

odor, in Pieris najn like that of citrons, while P. vapCB

is slightly odorous; and Midler has observed in the male

of Didonis bihJix three different odors in different parts

of the body. The females of Callidryas have in the end

of the body highly odorous glands, while the males give

off a musk-like odor from the same parts.

m^m
^'

KlO. 111.—Sct'iit-tul'ls of ninths. 1. Leiirnrctia
acriEa; a, I'ynhavctiu i.snbelta.—Atter Smith.

Fio. 17!".—<i. scfiit-si-nles i>r

amlrt>conia; />. ordinary
scale of LycnMift bntter-
tly. Hiphly iiiaKnitUHl.

—

After Soiiililer.

Peculiar white or orange-colored, hairy, tliread-like i>ro-

cesses have been found protruding from narrow openings

near the end of the hind body of certain moths (Fig. 177),

which give out, according to Mr. J. B. Smith, **an intense

odor, soinewliat like the smell of laudanum."
While there is great uniformity in the shape of the body

of butterllies and moths, their habits are, within narrow-

limits, quite diverse. Some fly by day, others at dusk,

others by night. The great number of species, of which

there are estimated to be •25,000. is undoubtedly due to the

variety in the food-plants on which the caterpillars feed.

Nearly if not every species of plant affords room and board
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for one or more species of caterpillar. The oak nourishes in

this country alone about 200 species; nearly 100 different

kinds feed on evergreen trees, eating the buds and leaves,

boring in the branches, and, in short, attacking the tree in

a variety of ways, so that there is a place and abundance of

food for each kind of caterpillar. In their chrysalis state

they are comparatively safe from harm. Nature has thus

favored the Lepidoptera above all other insects excejjt the

flies, beetles, and Hymenoptera. From their number and

variety, their beauty of color, attractiveness of form, and the

ease with which they can be collected and their caterpillars

reared, the butterflies and moths are the favorites of ento-

mologists.

The larger moths and the butterflies are for convenience

called Macro]eijidoptera, and the species of the lower fam-

ilies, from the Pterophoridae to the Pyralidag, are called

Microlepidoptera.

Family Pterophoridae.—The plume-winged moths are recognized by
v^ J their fissured and plume like wings;

the body is unusually slender, with
long antennae and legs. The larvae

are spindle-shaped, rather hairy; the
hairs are often hollow and secrete

a viscid fluid which exudes in a
dew-like droj) from the end. They
spin no cocoon, but, fastening them-
selves within a curled leaf by their
tail, shed their larval skin and ap-
pear in the chrysalis state. Ptero-
phorus periscelidactylus Fitch
abounds on the grape-vine, eating
the young leaves and fruit-buds.
Family Tineidae.— This great

group (which is perhaps rather a
super-family with several families
included in it) is characterized by
the slender body, long, narrow,
often pointed wings of both pairs,

with long fringes, by their usually
minute size, and tlieir rich, often
melallic markings. Those with
broad, blunt wings, like Tortricids,
may be distinguished by the long,
slender, pointed labial palpi. It is

difficult to give the family char-
acters of the larvte; usually slender

and slightly spindle-shaped, it is almost impossible to separate them

Fig, Grape Pterophonis.
larva; b, pupa; d, moth.
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from slender-hod iotl Toitrit-M caterpillars; (hose which "mine "the
leaves of plants .nv much (hittened. Some Tineid cateritillars feed in

the steins or roots of plants, a few produce galls, while many live in

foUlcd leaves of herbs imd trees.

Fio. 180.—Whips and Fio. 181.—TlieAneouinois grain moth
head of a Tineid: and larva.
Batracliedra.

The genus Xcptiruht contains the smallest known moths. The
Angoumois grain moth (Fis;. 181) eats the interior of whcat-gnnns in

granaries; it is grayish yellow, with two or three darker sjiots on the

fore wings. Tim a peUiohllti

Linn., the clothes moth (Fig.

182), as a caterpillar makes a
case of woolly tihres, and is a
universal pest. 8o also is

TiiKii tiipttztlhi Linn., which
is black on the basiil half of the
fore wings, but white on thr
outer half; ilestroys woollens.

7 inea biKt'lliella is a pale yellow
ochre moth, with a reddish-
ochre head ; its catcqnllar

FlQ. l&J.—Clothes moth n. larva ; b. its

casi>, iiiid c its jiiipa.

makes no case, though destnictivc to woollens, fur, dried insects, etc.

Tiiua (jntiu'Uii Linn." ^Fig. 183) is a univers;d wheat pe-.I.

F.unily Tortricidae—The leaf-rolling moths are rather stout Ixxlied,

with w ide, oblong wings, the costal edge of the fore wings In-ing often
sinuous; tlu' antenna' are simple, or tinely ciliated, and very rarely
pectinated; the palpi are curved up against the front of the head, or
exteuiled forwards, and are sometimes two or three times as lonti: as

the head; the head above is rouirh with erect scales, while the wmgs
are often cro.s.sed with irregular limsof tufts, and there is a noticeable
tuft at the end of tlie abdomen. The legs are of nvdium size and
length, and in a few species the hind tibije are densely clotheil witli

hair liki' scales, while in some ca.ses the males have a long tuft of
hairs lying in a groove along the inside of the hind tibi.e iFernald).

The caterpillars are called leaf- rollers fmra their eomniou habit of

folding or rolling over a portion and lining the interior with silk;
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others feed on buds, or live in seeds and fruits, or bore in the steins
of plants.

The spruce-bud Tortrix {T. fumiferana Clemens), usually rare, at

Fig. 183.—Grain Tinea, with larva and pupa.
Natural size and enlarged.

Fig. 1»4—o. head
and palpi; b, fore
wing; c, hind wing,
of (Enectra xan-
thoides.

Fig. 185. —c moth of cranberry
worm (n); b. pupa.

times has defoliated spruce and firs over extensive tracts on the coast of
IMaine ; the moth lays about thirty eggs
which are flat, scale like, slightly

-
-t J. >";„;—«gg^ convex above, with a thin shell; the

t^'^^jSW^Ii-ff^f^l worm feeds on the buds and terminal
'

X"^ ' "^ ^ shoots in June. Our most common
—-— '; :-^^y \ci\{-ro]]eT is Cac(fcia rosaceana Harris,

whose green larva?, with a black head
and prothoracic shield, fold the leaves of
the apple, plfim, cherry, rose, and other
l>lants. The cranberry worm {Rhopo-
hoUi vacciniana Pack.) often injures
the cranberry plants. The strawberry

leaf-roller, Phoxopteris fragarim (Walsh and Riley), folds the leaves.

Familj' Pyralidae.—The moths of this group have slender bodies
and legs, the fore wings are usually narrow, the hinder pair broad
and somewhat pointed at the apex; the palpi are often held straight

out, and are usually long and slender. The larva? are easily con-
founded with the leaf-rollers, but are usually more or less striped,

those of the Phycids being often brownish.* There are three sub-
families, viz., the Crambiruv, Phyciim, and Pyralinn'.

The species of Crambus are often very destructive to grass. The
larva of C. vulgiraf/ellu^ Clemens (Fig. 186), which ravaged the pas-

tures and meadows of New York in 1881, is pale purple green, with
a black head; it forms a silken tube near the roots of grass, and
pupates in thin, slight cocoons jvist under the surface of the ground.
To this group belongs the bee-moth (Galleria melonella). Among
Phycinoe, the currant and gooseberrj^ fruit-worm {Bakruma con-

mluiella Hubner) is noteworthy. Of the Pyralinne, Asopia farinalis

Harris in the larval stage feeds on meal, etc.; other typical forms
are the species of Botys, while a<piatic larva-, living in cases, are

species of Hydrocampa, Cataclj'sta, and Paraponj-x.
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Fia. 186.—Vagabond Crambiis. a, lana; 6, tube; r, cocoon in tlif tri.uiul; d.f,
moth; e, wiiiKof a liK'liter specimen--all natural size; y, t-gg, eiilarK'ed.

Fiunily Phalaenidae (OV<)//«'//-«/'n.— 'I'lu- irt'oimtrids, iiu-aMiriiiL'- or

spiiii-Wdiins, art' at oiirc known
by Ihtir luopiui^ .irail, dia- to the

ahscuco of the two frout pairs

of aluloniinal legs, so that in

walking the body is arched up-

wards; when motionless they
resemble twigs and stems of

the trees they inhabit. The
moths have slender bodies and
very broad wings, with usually

pectinated antenna'; the paljii

are slH)rt and shndcr, and the

tongue short and w eak. When
about to pupate, the eaterpil-

hirs often spin an open loose

coc«)on, but where tlu- insect

hybernates in the pupa state, as the canker-worm, it buries it-

self in the ground; a few hang naked and suspended by the tail.

Fio IS".— Kiidiilimia sulisiijuarin.

.<.:-.

fO ,

Fio. 1S8.—Sprinp caiikerworni. <j, male moth; /<, uin^rlfss fem.^le. natural

siize; b, epjc; a, larva: c, side, d, top, of a segment.—Afier Riley.

The pup;v are rather smooth and slender, either ]''ale brown and
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^^^pgg^^gpatSfc

spotted, or mahogany brown. The more destructive forms are
the spring canker-worm, Anisopteryx vernata, in which the females
are wingless, and lay their eggs in patches on the bark, the worms
appearing when the trees leaf out. In cities the caterpillars of

Eiidalimia sulmgnarla Hiibner defoliates elms and other shade-trees.

Family Noctuidae.—The owlet moths number upwards of 1500
species in this country, many of which
are destructive to crops. The noctuids
in general differ from other moths in

their thick bodies, the thorax often
being crested, by their stout palpi, and
the usually simple autennce, though
these are in some cases pectinated.

The fore wings are rather narrow, with
usually a dot and reniform spot in the
middle of the wing, while the hind
wings are large. They mostly fly by
night. The caterpillars are usually
smooth, without hairs or spines, the
body tapering towards each end, and
more or less striped; the number of feet

is usually sixteen, except the lower
genera with broad wings, such as Cato- Fig. 189 -Hop-snout moth, Hy
cala, which are semiloo^jers, having but P^"« '^«'»^''- ^^^""''^^ ^^
fourteen feet. The pupae are usually subterranean.

The lower forms, called Deltoids, have very long palps, and the

larvsE are slender, glassy green, and fall wriggling to the ground
when disturbed. Such is Hypena humuli Harris. The species of

Catocala have very broad fore wings and often bright red hind wings,

the caterpillars living on trees. The great Ei'ebus odwa Drury,
which expands live inches, and the great
Thymimi ngrippina (Cramer) of Brazil are the
giants of the family. Among the most de-
structive pests are the cotton-worm {Aletia

aryilhtcen lli'ibner), the boll-worm (Heliothis

urmujtra Linn.), and the northern army-worm

Fig. 190.—Army-worm and moth, o, male moth: 6. abdomen of female—nat.
size; c, eye; d, base of male antenna; e, base of female antenna, enlarged.

{Leucania umpuncta Haw., Fig. 190). Universal pests are the cut-

worms, which like most of the other larv« of the group feed bj- night,

hiding by day. Their eggs are laid near the roots of grass, and the
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cutiTpillars f^imw uir tlif stems of succiik-nt pliints. The larva- of
I lie speeirs of Apntelii are hairy, and tn) closely resemble certain
Noto(loiili;iii ciierpillars ils to be easily mistaken for them.
Family Eombycidae. —The species of this family dilfer in the usually

thick, hairy liody, small licatl, pectinated antenna*, and loiifr. larire

dypeus; in the Nveak palpi and often small, weak toiiirue; while the
caterpillars are usually hairy, and more or less tufted, or spiny.
They spin a cocoon, more or less dense, and the chrysalids are jin-

usually short and thick. The irroup is divided into a number of
sub-families, rej^arded by some authors as families.

The /xrA/ifiV/*-* (La.siocampina') embrace the ifenera C'lisiocanipa,

Gastropacha, etc. The larva of ('Imoaiinpa americatta Harris is

called the American tent-caterpillar; its webs are seen in apple and
cherry trees.

The ('eratoc<tmpiiuf' are represented by Ani«o(a senatoria (Abbot-
Smith), who.se spiny black-and-red-striped larva' strij) oaks; also by
two very large moths, Citheronia regalis (Fabr.) and EucUm impcrialU
(Drury); the IRmikHcini by ITemileitca nuu'a and llyinrchiri4i io Fabr.;
while the iriants of the family beloni; to the Athici, which embrace the
Americiiu silk-worm, the caterpillar of Tt:kapolt/phemu«(VTavixt;r); Ao

"N

/

Fio. 191.—Tlu> Cliiiiese silk-worm. />, cocoon; a, moth. Natural size.

tiiu<iIu)ui{\AnnA. Pltitf/saniiti rtwropi'i Linn., and Ci^'

(Drury). The Ii>>nht/cin<r are represented by the ( h

Boiiih)/.r //ion" Linn , and this Lrroui> is succeedttl ^.^

whiih P/iifi/f'toi/r nrrtinUi Walk, is a type. Thi> l."

by theNotodoniians (PtUodonks), of winch Sc/iuuii

..ded
AlllKJt
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and Abbot) and Notodonta stragula Grote, as well as Nerice Mdentata
Walk. (Fig. 192), and £Jdetna albifrons Abbot-Smith, are examples.

Fig. 192.—iVertce bidentata. Nat. size. Fig. 193.—Edema albifrons. Nat. size.

These are succeeded by the Cochlidm, of which lAmacodes scapJm
Harris is the most familiar form. This group is followed by the

Fig. \9\.—Limacodes scapha, moth and larva. Fig. 195.—Basket-worm, Platoe-
Natural size. ceticusgloverii Pack. Nat. size.

PsycJiince, represented by the basket-worms, Thyridopteryx epJieynerm-

farmis Steph., Psyche confederata Grote, and Platoeceticus gloverii.

Fig. 196. — Hyphantria cnnen. a, dark larva, seen from side; b, light larva
fi-om above; c, dark larva from above; d, pupa from below; e, pupa from
side;/, moth.

The JDasycMrcB (LipariiicT) arc represented by Orgyia leucoatigma
(Abbot Smith) or tussock-culcrpillar, so destructive to shade-trees.
The Arctiiim are a large group, the species of Arctia l^eing uu-
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meroiis, the more common iiud df.structive specifs beiug SpHom>ma

viryinka (Fiibr.) and \\xi: ia\\^-vhwonw, llypfunitria runta {DniTy,

Fig. 19G). The last sub-family is the Lit/tosue, iu which the body is

r^

Fig. \'Ji7.—Lithosiu bicolor. Nat. size. Fig. 19?:— UtetheisabeUa. Nai

slight, not very hairy, and the autennjv not pectinated. LitJwsui hi

color Grote (Fig. 197) and Uleiheiisa belli (Linn., Fig. 198) are typical

fonn.>J.

Family Zygeenidae.—The beautiful moths of this group are recog-

nized by the pt-clinated antenna-, llieir usually rather narrow wings,

rounded at tlie apex, the Arctian-like venation, and by their hairy

caterpillars, which transform in cocoons of silk or nu»stly hair. It

is divided into tin- Zi/ffuniiur, represented by Zyga-na in Europe, and
in tins country by the species of Procris, jlarrisina, etc., as well as

Lycuinori'liit pliohia Drury; and the Ulaucopimr, e.xemplitied by
Ctenitchii virginiea (harp.

Family Agaristidae.—Formerly associtited with the preceding

family, the species of this group
dilTcr in having simple antenna',

a sub-costal cell, and the cater-

pillars are naked, more or less

humped on the eighth abdominal
segment, ami do not spin a silk

cocoon. The types are Eudryns
grata Fabr. . E. unio Hi\bn.,

and Ali/}>i<i ^^-nnii-iiliitu (Fabr.).

Family Castniadse. — The
s[iecies are tropical, mostly very
large moths with simple an-

tenna* thickened towards the

end, and the head narrow be

tween the eyes (the .scales are in
^

("astnia larijer than in anv other ^
""^^ ^

Lepidoptera) ; the larvte are Fio. li)9.--4;;/i>in of pmpe. n larvB; /..

naked, boring in the stems of
^'^'^^ ^'^ ''seginent.enlarKe,t.-.\ft<'rRiI,.y.

i>nbids, etc. As in the two foregoing families the moths are day-

tlies. Viustnii liens (Fabr.), South America; Synemon myhia
(VVhitiV Australia. A .species of the Australian genus Hetatesia. the

malis of which have a vitreous spot on the fore wings, makes a

whi/./.iii:r noise like the Inimming of a top.

Family Hepialidse.—These are plain, imornaraented brown moths,
who.se anteinia* are .short, and either simple or sub-serrate; the

tongue is wanting, the clypeus .short, and the larva* are borers.

llfpialH» iiiu.ttrlinius Pack. t)ciurs in the Northeastern States.

Family Cossidae.—Large moths with the auteuniv well pectinated:
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a sub-costal cell, and a strong vein dividing the discal cell longi-
tudinally into two cells; larvoe boring in solid wood. PrionoxystiLS
roUnio} Peck, is the oak and locust tree-borer.

Family Thyrididse.—Small, richly colored moths with simple an-
tenna?, the wings small, the hinder ones more or less angular; the
discal cell of the fore wings open. Thyris maculata Harris, T.
lugubris Boisd.
Family Sesiidae.—Small moths with brilliant colors, long, narrow,

more or less transparent fore and hind wings, and thickened an-
tennae; larvae boring in the stems of shi'ubs and trunks of trees.

Se»ui pyri (llavris); Melittia ceto Westw., the squash-vine borer.
Family Sphingidae.—Tlie hawk-moths are large insects with thick

bodies, spindle-shaped antennae, thick palpi; usually a very long
tongue; the fore wings are rather narrow, the apex sharp, and they
have a small, short discal cell. Caterpillars with a smooth or granu-
lated skin, and a hump or horn on the eightli abdominal segment;
usually pupating in the eartli, the pupa often with the tongue-case
large and free. In Hemaris the body is bright-colored, and the wings
transparent in the middle (//. tJiysbe Fabr.). The larva of Tltyreus
abbotii has a disk-like hump instead of a horn. In Smeriuthus the
tongue is short and weak; S. exccecatus Ab. and Sm. In Chaero-
campa and its allies (Charocampince) the thorax is not tufted, and the
outer edge of the wings is more or less hollowed out; in the
SpMngintr the thorax is tufted; the tongue long and the outer edge
of the wings convex; Sp/iinx celeus Hlibner is the potato or tomato
worm, and 8. Carolina Linn., the tobacco worm of the Southern
States. The larvae of Ellema have no horn; Ellema 7H(7'risu Clemens.

Tlie butterflies appear to form a super-family, the Eltopa-

locera, and are divided into four families. Tliey differ

from motlis in their club-shaped antennae; in the Avings

being elevated when at rest, and their peculiar venation;

the lack of a bristle connecting the two wings; and from
their day-flying habits are called diurnal Lepidoptera. The
larvge vary greatly in form and ornamentation, but with

rare exceptions (a very few Hesperians) they are not borers,

and none of them spin a perfect cocoon, the chrysalis

either being fixed by the tail head-upwards and held in

place by a silken thread passing around the body, or it

liangs suspended by the tail; others (Rurales) generally

fasten themselves longitudinally upon the leaf or stem of a

plant, while the Hesperidse lie inside of a rolled leaf, with

silken threads around the body. *

* The definitions of the five families of butterflies are in part
copied from H. W. Bates's "Lepidoptera of the Amazon Valley"
(Trans. Linn. Soc, Loudon, 1863).
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Fig.

Family Hesperidae.—Head very wide between the eyes; antennae
ending iu a hook; hind tibiis usually with two pairs of spurs. Larva

naked, with a large head, rarely boring in plants,

usually living in a roUed-up leaf; pupa secured by
many threads, or enclosed in a slight, imperfect
cocoon. The Hesperids connect the true butterflies

with the moths, Megathymus yucaii Boisd. and
LeConte boring in the roots of Yucca, and bearing
a superhcial resemblance to the Castniidoe, being
more moth- like than any other butterfly, while the
species of Synemon, with their bright colors and

club-shaped antennae, simulate the Hesperids. Examples of the
family are Hesfperia tessellata Scudd., Nisoniddes brizo Bois. and Lee,
Eudamus batltyllus (Abbot and Smith), and TJiymele pi-oteus (Linn.).

Family Papilionidae.—Wing-cells (at least, of the hind wings)
closed; hind tibiaj with one pair of spurs; a leaf-like appendage to

the fore tibiae, as in moths and Hesperids. Larva with a retractile

scent-organ on the segment next to the head. Pupa fastened in an
upright position by the tail and a girdle acrcss the middle. Pieris
rapce, Linn., the imported cabbage butterfly, and P. oleracea Harris,
as well as Colias pMlodke Godart, repiesent the sub-famil}' Pierince,,

while Paruassius and Papilio turnus Linn, represent the sub-family
Papilhnince

.

Family Rurales.—Six perfect legs iu the females, four in the
males. This group is subdivided into two sub-families, the first of
which is the Lycamiiue, in which the fore tarsi lack the tarsal claws,
but are densely spined beneath. Wing-cells (except in Eumaeus)
not closed by perfect veins. Larva oval and flattened, head small,
and the feet very small. Pupa short, obtuse at each end, smooth,
fastened by the tail and a girdle. Lycana pseudurgiolus Boisduval
and LeCoute; Chrysophunus thoe Bois. and Lee. In the sub-family

Fig. ^f^.—MelitcBa phaeton (under surface ou right side); a, pupa, enlarged.

EryciniiKf, the legs are as in Lycsenina', the fore tarsi consisting of

only one or two joints, and being spineless. Larva either not spined,

or with bristles and hairs; pupa either with a girdle (Erycina), or

fastened rigidly by the tail without a girdle (Stalachtis), or, as in

Libythaea, suspended freely by the tail.

Family Nymphalidae.—Fore legs imperfect in both sexes; in the

female wanting the tarsal claws; iu the male the fore tarsi are

aborted, consisting of one or two joints. Discal cell usually open.



ORDER IITMEXOPTERA. 161

Larvji loDir, cylindrical, with -ipincs or Hcsliy processes. Pupa sus-
pended frcdy by (he tail, .stitul, either .sniouth and rnnnded, or
angular in uutline. This is by far the lari,'esl Lrnnip of bullerllies.
Agtronuiferonid Linn., a Hraziliaii buttertly, also an inhabitant of
Mexico, uc<ordin;^ to Darwin makes a clicking .sonnd while on the
wing. Dilute vonillii (Linn.) inhabits Florida, the Gulf States, and
e.xtends across the continent to southern California. The species of
Argynnis (ex. A. aphrtxUte Fabr.) are notable f')r the silvery spots

FlO. 20S.—I\d:ti/t>iuu luiii^itc. N;iuiral size. Fig. Mi.— (Kium scmidea.
Uiuier surfae*- on right side. Natural size.

on (he under side of the hind wings. Allied to them are thespccie.s
of Melitua (.V. ;)/(/f«'fow Drury). In Vanes.s)i {\\ iiitfio]Hi Linn.) and
I'olygonia (/*. progue Cranur) the outer edges of the wings are
notche(L The highest of the buttertlies ajiitcjir to be the species
of Ileliconia, of C'ercyonis (C. alojx: Fabr.), and the interesting arctic

and alpine gentis Gineis (0. semidea Say).

OuDKR XVr. Hymenoptera* {S(uc-flics, Gallflies, Ichncu-
/tiiiNs, Aiifs, Wasps, and Bees).

In order to perceive the distinctive features of this exten-

* Selkctkd Works.
Aaron, S F. The North American Chrvsididie (Trans. Amer. Ent.
Soc. ISS.-j).

Blake, C. A. ^fonograph of the :MutillidtK of North America (Trans.
\n\er. Knt. Soc, xiii , 188U).

Cheshire, F. R. Hees and bee-keepiug. I. Scientitic (Anatomy of
llic honey bee>. (London. 1S8(5 i

Cressou, E. T. Synopsis of the Hymenoptera of America, north oi

Mexico O'liil'itlelphia, 1S!S7). Also papers on Ichneumonida'. bees,

etc., in I'roc. IMiil. Acad. Sc, ami Trans. Amer. Ent. Soc , t'aua-
dian Entomologist, Proc. Bos. Soc. 18G3.

Forel, A. Les Fourmis de la Suisse (Geneva, 1874).
Howard, L. 0. v.Vriicles on Chalcids in reports and Hull, of U. S.
Entomologist. 187ii-1888.')

A generic synopsis of the hvmenopterous familv Proctotrupldaj
^Trans. Amer. Ent. Soc. xiii." 188l>>.

LepoUetier, St. Fargeau et Brulle. Ilistoire naturelUs des insectes
hymenopteres (Suites a Hiiiron, i.-iv. Paris, 1836-io).

Lubbock. J. Ants, Been, and Wasps (New York, 188'2).

(Continued on ncjct page.)
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sive order one should examine a honey-bee. Those that

we see in our gardens are the workers; the males, or drones,

and the females, or queens, are rarely seen out of the hive.

In the first place, see how well-proportioned are the three

regions of the body; the head is large in proportion to the

thorax, which is nearly

spherical; and the hind

body, which has six visible

segments, is short, conical,

and attached by a slender

waist to the chest. The
three regions are more
equally developed than in

any other order of insects.

, ^^ Moreover, Hymenoptera

FJ205.-Headofaworkerhite.bee. A,
differ from all other insects

front, and B, side view; oc, simple, e, jn the thoraX (in all CXCCptcompound, eyes; eptc, epicranmm; cl, \ i^

clypeus:Z6r, labrum; md mandible; the Teuthredinidge), COn-
mx, maxilla; I, lingua or tongue; Ip, ''

labial palpi. Magnified. sistiug of four segments, the

first abdominal during pupation being transferred to the

thorax.

McCook, H. C. The natural history of the agricultural ant of Texas
(Philad., 1879).

The honey-ants of the Garden of the Gods, and the Occident ants of

the American plains (Philad., 1883). Also papers on other ants
(Trans. Amer. Ent. Soc, 1876, and Proc. Acad. Nat. Sc, Phila.,

1877-84).

Mayr, G. Formicina Austriaca ; Die Formiciden der Verein.
Staaten in Nordamcrika, 1886; and others papers in Verb. ZooL
Bot. Ges , Wien, 1855-86.

Moggridge, J. T. Harvesting ants and trap-door spiders (London,
1873-74).

Packard, A. S. Revision of the fossorial Hymenoptera of N. A. (Proc.

Ent. Soc, Phila., 186r>-7).

Humble-bees of New England and tbeir parasites (Proc. Essex
Inst., iv., 1864).

Saussure, H de. Studies of the family Vespidae (3 vols., 8vo, 75
pis. Geneva, 1852-58).

Synopsis of American solitary Wasps (Smithsonian Misc. Coll..

Washington, 1875).

Smith, F. Catalogue of Hymenoptera in British Museum (7 parts.

London, 1853-59). (See also other papers in Trans. Ent. Soc,
London, 1853-59.)

Also the papers of Asbmead, Bassett (on Cynipida^"), Norton (on

saw-flies), Patton, Riley, Say, and Walsh (on Cynipidae, etc.).
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Looking at tlif licad, wliicli is carried vertically, the

coni])ouiul eyes are seen to be very large, while the three

simple eyes (ocelli) are arranged in a triangle on the top of

the head. The antennae are slender, and elbowed or bent

at the end of the long second joint. The large clypeus

is succeeded in front by the short, movable upper lip

(lahrum).

The ni<>uth-j)arts are rather complicated, and it is their

complexity or high degree of specialization which for the

most part gives the bee and others of its order their supe-

rior position over other insects.

The jaws are rather large, and cross each other in front,

and are much as in beetles and grasshoppers, being adapted

for biting. On the other hand, the aceessory jaws, or max-
ilhe, are dilTerent from those of any other insects. They
are long and slender, and, with the under lip, bent under

the head. They consist of three joints, tlie last forming a

long Hat blade. Froiu the second joint arises a minute
two-j»»inti'd feeler (i»al})us).

The under lip is, however, the most peculiarly modified.

It consists of three parts: the two outer forming the feelers,

and ending in three small joints, while the middle division

is the so-called tongue (Fig. '^0'^, I). It is a thin-skinned,

long, tlexibU", very hairy rod, ending in a spoon-shaped

button; extending this into flowers, the bee gathers the

nectiir. The mouth-parts are thus a si't of comjilicated

tools,—the jaws for biting aiul for use as trowels iii making
its waxen cells, the sharp lancet-like maxilliv for piercing

flowers, and the tongue a sort of writhing, hairy rod, for

gathering the sweet liquid secreted at the bottom of flowers.

The wings are seen to be clear and jierfectly transparent,

with no scales. They are formed of a clear inembnine,

hence the name of the order to which the bee belongs, i.e.,

Hi/t)iefioj)ferii, or membrane-winged. The veins are few,

irregular, inclosing a few cells. The liinder pair of wings

is less than half as large as the fi'ont pair.

The legs are not very long, but very hairy, and the

hinder ones have flattened, shanks, while the lu-st toe-joint
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is very broad aud flat, with the inner surface covered with

dense stiff hairs, upon which the pollen of flowers is stuck,

or piled up, so as to form a yellow heap which is borne to

the hive.

The sting, if examined by the microscope, is seen to be

formed of three pairs of sharp narrow blades, of which the

innermost pair is barbed at the end. The sting corres^Donds

to the egg-layer or ovipositor of the grasshopj^er, or of the

ichneumon-fly.

In their mouth-parts Hymenoptera are wonderfully

specialized; they can bite, pierce, cut, suck, or lap. They

are swift on the wing; their habits are related to their

Fig. 206,—Digestive canal of the honey-bee. o, salivary glands; h, oesophagus;
c, stomach; d, the numerous urinary tubes opening into the intestine, e; /,
rectum; g, rectal glands.—After Dufour.

great range of station. Their metamorphosis is the most

complete of all insects, the young wasps and bees being

footless and fed by the parents. From these and other

causes the order has flourished to a wonderful degi-ee.

In this order, says Darwin, "slight diiierences in color,

according to sex, are common, but conspicuous differences

are rare except in the family of bees. " In the IchneumonidaB

the males are almost always lighter colored than the females;

while in the Tenthredinida? the males are generally darker

than the females. In Tremex colwmha the female is much
brighter colored than the male. In the ants the males of

several species are black, the females being testaceous. The

sexes of bees often differ in color, the males generally being
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the brighti'st, iiiul in Hoiiiluis and Apalliiis tla-y are much
more variable in eolor than the females; in several speeies

of Xylocopa, while the females are blaek, the males are

bright yellow. (Deseent of Man, i. W'A.)

The groii|» Tenhntntia ineludes those families in which

tlie ovipositor is normal, being adapted for boring, or so

moditied as to form a saw-like apparatus; while the Acideata,

inelnding the ants, wasps, and bees, have a true sting,*

Family Tenthredinidae.—Abdomen sessile, uot uarrowed at the

base; ovipositor saw-like; anterior tibite with two apical spurs; the

FiQ. WT.—Till' Inroh saw-rty. natural size and enlnrped. with the larch worm of
ilifT.Mvnt a^es, natural size.— Miss L.Sullivan </(•/.

head is short and transversely oblong, with short, nol ellwwed,
usually simple, sometimes clavate or pectinate antennse. The larvcc

*In preparing; the synopses of the characters of the families, the
author has ofuii eopied nearly nrhntim from C'resson's " Synopsis of
the llymenoptcra of Anieriea, north of Me.\i<o" (Phila., "l887). It

is not improhalilc that some of the •' families" are merely sub-fami-
lies, as for example in the ants and wasps.
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closely resemble caterpillars, haviDg from six to eight pairs of
abdominal legs (in Lj'da there are no abdomi-
nal legs, but a pair of singular, jointed terminal
appendages); they are usiially of some shade of
green, and usually moult four times. Most of
the larvtB secrete silk and spin a dense, tough
cocoon within which the half-formed pupa re-

sides through the winter, finishing its change
into the pupa state in the spring. With its saw-
like ovipositor the saw-fly punctures twigs and
leaves; as in the case of the larch saw'-fly (Nenia-

tus ei'ichsonu Hartig), the two sets of serrated

blades of the ovipositor are thrust obliquely into

the shoot by a sawing movement; the lower set

of blades is most active, sliding in and out
alternately, the general motion of eacb set of
blades being like that of a back-saw. The
species of Lophyrus have pectinated antennae,
and are destructive to coniferous trees.

The pear slug-worm (Selandria cerasi Peck)
and the currant saw-fly {Nematus ventrkosxis

Klug) deposit their eggs in rows on the under
side of the leaves, and there are successive broods
of worms throughout the summer, the females of

this species bcuig agamous. The largest of our
saw-flies is Cimbex americana Leach, whose an-

tennae are knobbed at the end; while its larva

as it lies coiled up on a leaf resembles a helix
shell.

Family Uroceridae.—The species differ from those of the preceding
family in the long, large, exserted borer, adapted for

boring into solid wt)od, and in the fore tibioe having but
one apical spur. The larvae are called horn-tails, and
bore in pine or hard-wood trees; they are without ab-

dominal feet, and when about to transform spin thin

silken cocoons. The species of Cephus bore in the

stems of wheat, etc., while Tremex columba Linn, infests

elm, maple, and other shade trees, making large, smooth
round holes in the tree.

Tamil}' Cynipidae.—The gall-flies are all of small size,

the head generally small and transverse, with slender,

straight, 13-16- jointed antennte; the thorax is usually
thick, oval, witli a large scutellum, and the wings (some-
times wanting) are witliout a complete costal vein and
stigma, and there are few veins; the abdomen is short,

generally oval, more or less compressed, rarely knife-

shaped; the second or third segment is tlie largest,

while the ovipositor is spiral and concealed within two
sheaths. The larva is a short, thick, fleshy, footless Fig. 209. -
grub; and those of many species transform within their iv/^a'^oi
galls, or enter the eartli to ini])ate. Tremex co

The egg is deposited in leaves or branches, especially liimba.

of the oak, rose, vaccinium. etc. Its presence, with pos-

FiG. 208.—Pear slug-
worm (a enlarged),
and its saw-fly.

Nat. size.
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Fig. 210.—Gall-fly of oak.

sibly a sliirht amount of [)oisor> c«)iivfyt'(l by the ovi|)ositor, causes

an altnoiinal irrowlli of the plant-cells, uutila tumor or ;rall is formed
within which the larva hatehes and lives. Each species of Uy
produces a peculiar pill, which is charac-

t^Ti^^tic of that s|)ecies. Great numbers of

female L'all-Hies are a^imous, i.e., are j>ro-

du( ed from unfertilized e^^s, there being
no males in e.vistonce. Thus Cyniftx qner-

cu»-itcifuljiUt (>. Sack., which produces a
large gall in the autumn, in the spring of
the year succeeding lays eggs which pro-

duce galls disclosing a dimorphic form,
originally thought to be a distinct species, and named C. q. upongi-

^V/Hiy Osten Sackeii. The autumn brood of this C'ynips consi.sts

entirely of agamous females, while the spring brood consists of both
males and females; there is thus an alternation of generations, and
this is the ca.se in many species. In some ca.ses the two generations
belong to what were originally described as separate genera. Thus
Adler ob.served that the European Xeurotenis leriticulari^i produces
galls of a certain form on the under surface of oak-leaves, the galls

falling oil in tiie autumn, and the lly appearing in the early spring.

It then de]H)sits its egirs on the buds of the oak, which jiroduce
upon the leaves and stalks of the male llowei-s galls uidike those of
the preceding autumn. Moreover, the tly which emerges from
them has been referred to a separate genus as Sputliefjantfr biKCtirum.

This in turn lays eggs which j^roduce the original Nouroterus form;
and the Xeuroterus genemtion consist.s of females alone, while the
Spathegasters are of both .se.xes.

The gall-Hies fall into two sections, the tirst cuutuiuiug the true

F^o. 211.

—

Erania Icevignto. iii.nle. aiiil jnipn.

g!»ll-llics (Psenides^ and the gue.st sall-tties (Imiuilines, which are
commcnssils or boarders living at the expense of the true gall-Ilies),

>yilli the peculiar genus Ibalia. while the second includes the Figi-
lidcs. which are jvuasitic. In the sub-family Figitina* thealHlomen
is elong:iie-ovate, compressed, with the apex'more or less pointed.
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Family Evaniidae.—These are insect-parasites, and are cliaracterized
by the abdomen being attached to the disk or near the base of the
metathorax, and not at the apex as is the case in the other families.
The abdomen is petiolate and more or less compressed. Evania
lavigata Olivier is parasitic in the eggs of the cockroach (Peri-
plaueta). Fcemisjaculator Linn, in Europe lays its eggs in the larvae
of Crabronidoe.
Family Trigonalidae.—Costal and sub-costal veins separate and dis-

tinct, the costal cell being present. Abdomen sub-sessile, short,
ovate. Triycnalys.

Family Ichneumonidae.—In this great family the costal and sub-
costal veins are confluent, the costal cell therefore absent, while the

first sub-marginal and first dis-

coidal cells are always confluent;
the head is generally transversely
oblong, and the abdomen is

slender ovate, usually pedicelled,
and the ovipositor varies much in
length, being longest in Rhyssa.
The ichneumons lay their eggs

on the head or other parts of the
bodies of caterpillars, spiders, etc.

Fig. 212.—Rh5'ssa. Nat. size. Fig. 213.— Op/ifoji macrurum. Nat. size.

On hatching, the larva, which is a soft, fleshy, footless grub, bores
into the body-cavity of its host, and lying there absorbs the blood
flowing around it. and thus Avcakeus the caterpillar, so that it dies,

or the insect does not live Ijcj'ond the pupa state. TjT^ical genera
are Ichneumon, Opliion, C'ryptus, Pinipla, etc.

Family Stephanidae.—In this verj^ small group the head is globose,
the vertex tuberculate and rugose; the costal and sub-costal veins
separate and distinct, the costal cell being present. StepTianus
cinctipes.
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Family Braconidae—The spicii-s of this nuinerooB group diller from
the lehiuMiiiKiniiLe in slight re-

spects, i.e., in " the uhseni-e of the

second recurrent veiu of the fore

winirs, and by having the first .sub-

niiirginal cell gtiunilly, though not
always, sepaniled from the lirst

discoidal cell, and, wilii the excep-

tion of one suh-faniily, the A]>hi-

diuiP, by the nou-exi.stence of a
real articubition iK'tween the

second and third abdominal seg-

ments" (C're.s.son). In their habits

and genenil appearance they do not

diller from onliuary Ichneumon-
ids, though, as a rule, of smaller
size. The group is represented by
Bracon and ^licrogaster; the
species of the latter spin their

cylindrical cocoons either within
the bodies of caterpillars, or fasten

them in a thick ma.ss to the ex-

terior. The species of Aphidius
are panisitic in Aphides.

Family Chalcididae.—Tlie fore

wings are nearly veinless; the i>os-

terior margin of the prothom.x not

reaching the teguke; while the
ovipositor issues from Ijcfore the

end of the abilomen. The Chal-
cids are generally minute: many of
them of beautiful shades of green,
with metallic reflect ions. A
goodly projwrtion of them are
secondary pamsites, viz., are parasitic on other Chalcids; .some de-

IK>sit their eggs in galls. Typical genera are Pteromalus (P. pufht-
,'iim Linn, Fig 214), Semiutellus, "and C'halcis. Enrytomn hortifi

Harris is the wheat joint-wnrm. not being carnivorous.
Family Proctotrapidae.— In these minute egg- parasites, as many of

tluin are. the prothorax extends to the tegube. aiul

the ovijH)sitor issues from the eutl or ajM'x of the ab-

domen. The wings are also almost veinh-ss, and in

the minuter forms they arc lobed or tissured with
long fringes. 31anv species, as those of Mymar,
Tele.ns, aiid I'latygaster (Fig. 21")), lay their e^'gs in

Fio 21.">. — I'^sTpJ- those of other insects, and hence they are the mi-
'f nutest of Hyinennpteni. n<'r<i lom nx piitrntmi ]^»ck.

is but tnie-ninetielh of an inch long.

Family Felecinidse.—In the single genus representinir this gn>up
the antenna' are long, not elbowed, and thread-like; and the male
abdomen is davate, while that of the female is remarkitbly long and
slender. Pdetinwi polyccrator Drury.

Fio. 214.—P;M-asite of the cabb«g»
butu-rflv. <i. male; b, female; c,

larva; ^, pupa.

parasite
canker-worm.
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-In the species of this interesting group, there

Natural size.

Fig. 217.—Chi-ysis hilaris.

t I 8
Fig. 216.—Pelecinus, male and female.

are only from three to five complete abdominal segments, the
remainder forming a telescopic, retractile

tube, containing a sting-like ovipositor.
The Chrysis liies are blue, green, and

ruby-red, with rich metallic reflections.

The females, cuckoo-like, lay their eggs
in the already provisioned nests usually
of solitary wasps and bees, the larva? eat-

ing the food stored up, causing starvation
and death to the young of their hosts.

Typical genera are Cleptes, Elampus,
Hedychrum, Chrysis and Parnopes.

The ants, formerly all included in the old family Formi-

cidsd, are now regarded as forming a section or super-family

Heterogyna, which is characterized by the petiole of the

abdomen having one or more scales or nodes; while the

antennfe are elbowed. Ants live in societies consistiuff,

besides males and females, of workers. There are five

families, characterized as follows:

Family FormicidaB.—In this (and the three following families) the
petiole has but a single joint; the abdcmien proper (not including
the petiole) is not constricted between the tirst and second segments",
while the mandibles are inserted wide ajiart. The clypeus is alwaj^s
distinct and ofti'n very large; the frontal crest is more or less long,
not snrnmnding the in.scrlion of the antennte, and the petiole is

almo.st always surmounted by an erect scale. Most of our ants be-
long to this gro'.'.p; their larva> usually .spin a thin but tough cocoon.
Ants are fossoriid, digging mines and galleries imderground, or
excavating them in old stumps and trees. A complicated society or
nest of ants is called a " forinicarium;" the work of which is carried
on by the wingless individuals, called workers.

Certain ants enslave other .species; b.ave herds of cattle, the
ai)hides; tunnel broad rivers, lay up seeds for use in the winter-
time, are patterns of industry, and exhibit a readiness in overcoming
extraordinary emergencies "which shows that they have sulficient
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rciisoniiig ix)wers to iiu'ct the exififencies of tlu-ir lift-; their ordi-

nary acts bring inslinilivi', viz., the results of inherited habits.

Typical trenera are ("aniponotus, Polyergus, Formica, Myrmeco-
cysius, and Taiiiiioina

Family Odontomachidae — Mandildes very long and suddenly re-

curved wiliiiii ,ii tip, itistilefl ehise to each other. Odontomaehus.
Family Dorylidae.— Anls with a very .small or even indistinct

Fio. 818.—BriYon mexicana; worker-major; a, front view of head.

clypeus; frontal crest very short; petiole depressed, nodiform.
licprest iitcd liy a single genus, I^abidus, of which only the males
are known; and they are supposed to be the mahs of Eciton.
Family Poneridoe —Abdomen proper constricted between the lirst

aiid .second scgn\cnls. I'oni-ra.

Family Myrmicidee.— In the stinging ants the ju-tiole consists of
two joints. Mi/riiiioi inohwtd 8ay is found all over the world; otlier

typical genera are Atta. Eiilon, Fscudomyrm:i. Fogonomyrmex,
and Fhcidcle. 'I'lie workers are ilivided into two sets; those with
large heads are called worker-majors or soldiers, and the smaller ones
worker-minors.

The ixfotniof Fossores, or fos.<ori;il Ilyinotioptera, consist-

ing of tlto s;iml- and wood- \vasps, etc., is divided into il

mtiiiber of families, some of wiiicli may yot be united. The
petiole is simple, i.e., not formed into scales or nodes; there

are no workers, thouirh the females of the Mutillidae are
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always wingless. The legs of the females are adapted for

burrowing, and not fitted for collecting pollen.

Fig. 219.—Sctfon mexicana; worker-minor.

Family Mutillidse.—Females wingless; in this as also in the three
followiug families the prothorax is produced behind, so that the hind-
er angles reach the tegulae. The intermediate tibiie have two apical
spurs. In this group, as well as in the Scoliidte, the lirst ventral
segment of the abdomen is distinctly separated from the second by
a more or less deep constriction. The Mutillids are usually scarlet,
or scarlet and black, and the body is more or less hirsute; they sting

Fig. 220.—Mutilla. female. Fig. 221.—Jlyrmosa, male and wingless female.

badly, and store their burrows in the saud with Hies and other in-

sects. Mutilla ferrugaUt. Fabr. (Fig. 220); Myrmosa unicolor Say
(Fig. 221)

Family Scoliidae.—The females are always winged, and the middle
tibite have but one apical spur. The head is broad in front, the
eyes indented, while the feniiile antenu^e ditler from those of the
males in being short, thick, and elbowed. The sjiecies of Scolia
are black banded with yellow, and live as parasites in the grubs of
beetles. Tiphia itwrnata Say is a common black species.

.
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Family Sapygidae —In iIk-si' wmd-wasps llicrc is no ooiistricticjii be-

twfi'ii till- tiisi ;iii(l st'coiul srmncnts of tlie alxloineii ; tli»- hind legs

are short, and tin- cyis indcntfd. The species enter the burrows of

Osuiia and other bees, depositing their eggs in the cells Of tlieir

hosts. Sipi/f/ii iiiiirtiiiii Smith
Family Pompilidae. -Tiie body of these often very lar.ire sand-wasps

:sol)ioiiu: and more or less compressed; the antenna- are not elI)owed,

an. I the hind le<rsiire lonir, reachin!: beyond the end of the abdomen,
while the eyes are not indented. These active, black wasps store

Fio. 'iiSi.—Pompilus formosiis, the Tarantula-killer. Natural size.

their burrows, made in the .<!and, with spiders. One of the largest
species is I'miiiiihix t'onuosux Sa\'-.

Family Sphecidae.—Very rapacious wasps with a pedicelled ab-

domen, the petiole slender, cylindrical, smooth; tlairelbim slender at

the end; middle tibia- with two apical spurs. Tluy nipidly «iitr in

gmvel-paths and .siuul-baidis, provisioning their nests with catcr-

l>illars, grasshoppers, or spiders, which they sting between the joints

of their lh>dy, par.ily/.ing them so that they live on until their own
larva' hatch and cat them. Sphex i<-hiuiniu>ii<<i Linn, tills its burrow
with gra.sshoppcrs. The species of Felopanis arc called "mud-
daubers," as Ihcy build their cells of dabs of mud on the walls of
lu)uses, etc.

Family Ampalicidae.—Prothoni.v long and narrow, ending in front

iu a neck; inclii borax long, truncated behind; clypeus keeled,
beak-like. Ix/iinopnis onuilirultitii Say; AnipuU'J: fi''iri>-'i Fabr.
Family Larridae.—Wasps of this group have the mandibles notched

on the outside near the base; the labrum is conccabd; the abdomen
is oval conical. They burrow iu sand-banks, provisioning their
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cells with locusts, grasshoppers, etc. LarracUi semirufa Cresson

preys on young locusts.

Family Bembecidae.—The labnim in this family is distinct, ex-

serted, and sometimes long and beak-like. Stmis speciosm Say

Fig. 223.—Sand-wasp, Sphex ichneumoiiea. Natural size,

preys on the Cicada; the species of Bembex seize flies, bearing them
to their nests; our common species is Bemhexffisciata Fabr.

Family Nyssonidae. - Labrum short, either not or scarcely exserted.

Nysson lateralis Say; Gorytex jlavicorim Harris. These sand-wasps

prey on flies, Tettigoniae, etc.

Family Philanthidse —In these wasps the prothorax is very short,

transverse, not extending back to the tegula:; the fore wings have

Fig. 234.—Larrada grasping a young locnst, and about to sting it.

three complete sub-marginal cells, and the abdomen is either sessile

or sub-sessile. Philantlnift rertiUthrw Say; Crceris deserUi Say.

These wasps provision their nests with the grubs of weevils and
Buprestids, and adult beetles, as well as honey-bees.
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Family Mimesidae.—AViduiiU'ii peli<ilutt', the petiole llHlteiied ami
usually fuiidwcd al)()Ve; antenna' elavate; middle libiii- with but
one apiciU s|)ur. Mimtmi crmnonii Pack.; /V« Irucopim Hay.
Family Mellinidae —This irroup is represented by a sinj^le genus,

in which tin- aluionun is |)eliolaIe; the head cubical, front very
broad, eyes indented; and the lirst sub-marginal cell receives a re-

current vein. yfilUiiiix biiniioilntun ':>i\y.

Family Pemphredonidae.— Wood-wasps, in which the anterior wings
have two conipicle submarginal cells; proth<jrax short, transverse;

metathorax short, rounded posteriorly; clypeus not carinate or
beak-like. Stii/iinjn fruifri) us Si\y mines the stems of the Syringa;
Cemonits inornntns Harris burrows in the elder; I\i-sjui/nrux maiali-

buliirui Cresson burrows in company with the two preceiliug species.

Family Crabronidse.—These wood-wasps are easily recognized by
their cubical heads; short and wide clypeus; ami by having but (me
svibmarginal and two discoidal cells. The habits of the species are

extremely interesting. Cnihro sex-i/uirulutus Say mines decaying
wood, and C. siiujularii. Smith bores iu posts. In the males of
Thyreopus the fore legs have shield-like expansions which are either

striped or dotted willi Ijlack. Rliopditin jmlirtlUttuin Pack, bores
into the stems of the rose, (."oreorus, Spinea, etc.

The section or supof-faiiiily nijdoplenjya, corresponding

to the Ves])i(l;e of early authors, compri.ses the trtie wasps,

iu whieli the wings when at rest are folded lengthwise. The
prothorax readies back to the base of the wings, the eyes are

ki(liu'y-sliai)ed, and tlie legsare smooth, not spiny or bristled.

Family Masaridae.—Antenna' dubbed at tip. }fuH<iri.'< rfA/w/V/t* ('res.

Fanuly Eumenidse.— In this and the next family the antenna> are
filiform. Middle tibia' with one spur at apex; tarsid claws cne
tot)thed; solitary; no workers. The .solitary wasps are representetl
by the gemra Kununis, Odynerus, etc. Ei/'i/i, tux fnitirini Say con-
structs a round cell of pellets of nuid, as big as a cherry, which it

tills with small caterpillars; Odi/iurtii* itUMiphalrraiun Sau.ssure alst>

preys on small caterpillars, which it stores in round mud cells.

Family Vespidae.— In the social or paper wasps, the republic is a
numerous niie, tlicre l)eing many
workers. They all have two spui-s

ai the end of the middle tibia'. 7' -

liittn (iiiurii'iiiins Fabr. and other
species build nest<i consisting of
tew cells in one row, altacheil

mouth downward to bushes. The
specic-s of \'i.'<iHt build .several tiers

of cells, arrnigetl mcmth down-
ward, and enveloped by a wall of
several thicknesses of paper. Our
commoner species an.' !'<*;)(/ <7/r««-
rio Fabr. and a larger species, the ^'^- '^'>~^f~'P" viaculnto Nat. si«..

white-faci'd wasp, IV.*/X7 macuhiia Linn. The fi'mides found the
colony, and raise a Imxid of workers, which early iu the summer
assist the queen iu completing the nest.
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The bees, formerly included in the family Apidse, belong

to the section AntJiopJiila, which is divided into two fami-

lies. In all bees the basal joint of the hind tarsi is (ex-

cept in the jiarasitic species

of Nomada, etc.) broad and

flat, generally bristly, and
adajDted for carrying pollen.

Famil}^ Andrenidae.— Solitary
bees with the lahium flattened,

shorter than the mentum, Hulictus
paraUelus Say excavates in fields

nests like those of Andrena ticina

Smith (Fig. 226).

Familj' Apidae.—In the social

bees, where there are, as in Bombus
and Apis, numerous workers, the

labium is slender, not flattened,

and is longer than the mentum;
the basal joints of tlie labial palpi

are longer than the others.

The queen humble-bee hiber-

nates, and in the spring founds her
colony by laying up pellets of pol-

len in some subterranean mouse-
nest or in a .stump, and the young,
hatching, graduallj' eat the pollen,

and when it is exhausted and they
are fullj' fed they spin an oval
cj'lindrical cocoon. The first brood
are workers, the second males and
females. The partly hexagonal
cells of the stingiess bees of the

tropics (Melipona) are built of wax
or clav, while the hexagonal cells of
the honey-bee are made by the bees
from wax secreted by minute sub-
cutaneous glands in the abdomen.
Though the cells are hexagonal,
they are not built with mathemati-
cal exactitude, the .sides not always
being of the same length and thick-

Less.

The cells made for the young or
Fig 226.—Nest of Andrena. gr. level of larval drones of the honey-bee are

SS-;Su™;e'Sieu"';^:^ larger than those of the workers,

with an egg laid on it; /, pollen- and the suigle queenccll IS large
mass freshly deposited by the bee. and irregularly slipper-shaped.
Natural size.-After Emerton. Drone-eggs are supposed by Dzier-

zou and Siebold not to be iertilized, W'hile the queeu-bee is the only
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animal \vliicli can i^ioducc eitlier sex at will. Certain worker 0?;^
Lave been known to Iraiisforni into <iueeu-bees. Ou the other hand,
worker-bees may in rare eases lay dronee^j^s.

The eir^ from which the queen develops is like that of a worker,

the dilTerence arisiiiLr in larval life, owim; to a ehanire of t?-eatmenl

of the larva liy the nursis, its food, deriveil froJii pollen by di;.'estion.*

bciu^ dillt rent from that provided for tlie worker. The tirst <»r old

queen, when the population of the hive beeonies e.\ee.s^ive, leaves the

hive to establish a new eolou}'. This is called "swarminir." Thequeen
is very fertile, havini^ the power of laying between :2()()(tand 8000 eggs

a day', or " two eggs perminute for weeks in succession." Cheshire
state's that the larva feeds four days, moulting probably six times;

and lin;illy, when it stops eating, lines its cell with a silken cocoon,

though l)efore this can be spun a ct)ver or ".sealing" is jtut over the

cell by the workers, there being minute ojienings in the cover for the

pa.s-Nige of air into the cell. A strong colony or "stock" may contain

as many as 12,000 larvte, ail of which are fed by the nurses or workers
with jK)llcn anil honey. In about a fortnight from the time of seal-

ing, the bee bites through the sealing, and twenty-four hours after

drying and preening il.self, enters upon the duties of the hive.

* Cheshire sjjys: "The secretion, commoidy, though, as I hold,

erroneously, called royal jelly,' is added imstintingly to the end."
The lirst brood food "is a highly nitrogenovis tissue-former, derived
from ix)llen by digestion, and liaving apparently a singular power in

developing the generative faculty; for I lind drone larvie receive

much more of it than those of workers, to whom any accidental ex-

cess po.ssibly gives the power of ovipositing, as we tind it in the

abnormal fertile worker." He thinks also that the (luccn. if not
always, at least during the time of eg:ir laying, is fed by the workers
from the secretion of the chyle-gland (Xo. 1 >, with jnobable additions

from some of the other three, there being four kinds of glands, in

all, in the head and thorax. (Cheshire's Bees and Bee-keeping, j). y2.)

Wasp hauging by one foot, aud eaiiug a fly.— After Emertoa.



CHAPTER IV.

INSECT-ARCHITECTURE.

Many young naturalists are deterred from studyiug in-

sects by the lack of books enabling them to readily identify

the species they collect; but if handicapped in this direc-

tion, they can nevertheless observe the curious habits of

insects, and form most interesting collections of their co-

coons, nests, and various contrivances for concealment from

their enemies.

Man's earliest, most primitive attempts at architecture

were undoubtedly in the direction of obtaining shelter from

too great heat or cold, from rain and snow, and from hos-

tile beasts and more hostile men. For the same reason

insects make shelters of various sorts, both for their eggs,

their young, and themselves. "More unconscious (and often,

perhaps, semi-conscious) ingenuity is expended by insects,

especially the social kinds, than by any of the higher

animals, not even excepting the birds. AYe know that

fishes in rare instances build rude nests, and show some

slight degree of care for their progeny; squirrels and mice

faintly imitate birds in nest-building: but where even among

birds do Ave find nests so complex and cunningly contrived

as those of ants, paper-wasps, and social bees? Do we really

know that birds and beasts, the domesticated species ex-

cepted, are, as regards architectural skill and general

reasoning power, any higher in the intellectual scale than

the social insects, with their different kinds of individuals

assigned to this or that duty, their laborers and soldiers,

and, in the case of ants, their system of slave-labor, their

herds of milch-cows (the Aphides), and genius for house-

keeping, nursing, and civic police duties ? But not content
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with generalities, let us look at a ft-w iustruftivi' t-xaniples

of inseet architcctuiv, hegiiiuiiig with tlu- siiniilcr and i-iid-

ingwith the more eoin})lex.

I'erliaps the lirst impulse of an insect in endeavoring to

escape from some enemy is to burrow in the soil, or, if

atiuutic in its habits, to hurv itself in the mud at the l)ot-

tom ol" the pool or stream it inhabits. Such habits once

FiQ. 'i-T.-Oak-leaf Fio. --^S. -Oak-leaf rolled at the i-ml.

rolled sldewise.

acquired and transmitted would lead a wood-eating or leaf-

giiawing insect to Siive its life by burrowing into and mining

leaves or bark, or eveii rolling over the i-dge of a leaf and

hiding under it; and such insects after a number of gen-

erations, meeting with success in tlie struggle for exist-

eiK'e, without much di>ubt foumh'd the insect-guilds, if we

n\ay so style them, of masons. I'arjienters, and builders.

When we consider how many kinds of leaf-rollers there

are among different orders of insects, we may pi'rhaps

regard this as the readiest and most simple method of

forming a shelter. Among the caterpillars of the smaller

moths there are multitudes which roll up portions of the

leaf, whole leaves, or even bind sevenil leaves together

with silken cords. How this is done mav be seen bv
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Figs. 227-230, taken from the work of Reaumur ; but auy
one can find similar examples, as we have done, on our

own oaks and willows. By watching

the little worm with a lens, one can

realize how deftly the unconscious me-
chanic begins to turn over the point of

a leaf, holding it in place hy first attach-

ing a siugle silken strand to a fixed

point so as to give the first turn, and
then gradually and with a good deal

of pains hauling the rolled jjortion

over, and attaching new strands until

finally a well-shaped roll is made in

wliicli the insect can safely reside dur-

ing its caterpillar existence. In a single

season an industrious collector could

make a most interesting collection*of

tents and rolls formed by caterpillars

—

and what a zest would it give to his

Fig. 239.—SoiTel-leaf cut Walks !

by a caterpillar. Another Order of rolls are those made
by the leaf-rolling weevils, whose very long snouts have

short jaws at the end, to aid in the work; though, judg-

ing by the readiness with which they use their feet,

there seems to be some intelligence lodged in those

appendages. The singular thimble-like rolls of Aftelabus

rliois may be found in June and July on the alder.

When about to lay her eggs, the female begins to eat a

slit near the base of the leaf, on each side of the midrib and

at right angles to it, so that the leaf may be folded together.

Before beginning to roll up the leaf she gnaws the stem

nearly off, so that, after the roll is made and has dried for

perhaps a day, it is easily detached by the wind and falls to

the ground. Then folding the leaf, she tightly rolls it up,

neatly tucking in the ends, until a compact, cylindrical,

solid mass of vegetation is formed. Before the leaf is en-

tirely rolled, she deposits a single egg, rarely two, in the
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ttgiiin resuming her

A

middle, next to the niidiih, whoiv it lirs loosi'ly in a little

ctivity. WliiU- all this is going on Ikt consort stjinds near

by, and she oeeasionally runs to him to receive his caresses,

work. These rolls remain on the

bushes sometimes for sev-

eral days, but probaldy

drop by the time the larva

escapes from the egg; and

it seems probable that the

grub uses the roll for a

shelter until it matures

and is ready to enter on

its transformations to a

beetle. Another species

found on the oak does

not devote the whole leaf

to a single roll, for three

'#J

3
T\o. 230.—,4, willow lenves rolled by a caterpillar; /?, u ilK.u K ,ivcs rolleii, seen

in section.

or four small rolls may bo found on one leaf.

The gall-makers are not the siiecies of Cynips alone, but

also certain gnats and Aphides, including the riiyllo.xem,

whicli inhabit shelters, due to the morbid growth and mul-
ti]ilicntion of cells on the leaves and twij^s. ^^ roots, a.*? the
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moutli of its

case may be, stung by the parent, whose instincts are exer-

cised in selecting the proper plant, and portion of plant, to

sting. Although the gall-flies are not the direct architects

of the galls, no collection of insect-products would be com-
plete without a series of galls, of which there are so many
kinds.

Intermediate between leaf and wood miners, and case-

worms, are certain Pyi-alid moths which not only crumple

and roll up the leaves of plants, but piece out their mines

by tubular additions to the openings, which form cases in

which the caterj^illar securely hides. As examples are

Acrobasis juglandis and Phycita nehdo. Another Pyi-alid

{Phycis 7'uh'ifasciella) mines the buds and recently ex-

panded young leaves of the pig-hickory, and also bores

into the base of the leaf-stalks. It also builds out the

mine, adding a tube formed of grains of

its excrement, in which it lives and finally

transforms.

Besides mining leaves, which is one of

the humblest kinds of architectural effort,

certain Tineid moths construct flat, oval,

or cylindrical silk-lined sacks or cases in

which they live, and which, like Diogenes
and his tub, they carry about with them.
The clothes-moth in its larval stage con-

structs the too-familiar cases of felting,

formed of closely-woven bits of woollen and
lined with silk. A whole group of sack-

bearers (Psychids), small and large, build

Fig. 231.— Case of
the basket-worm.
—After Harris. Fig. 332.—Larva and case of Chlamys.

spindle-shaped sacks covered with bits of leaves and twigs,

which are so arranged as to resemble basket-work. One of
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these in Europe {Psyche hdix) constructs a snail-like ciuse.

IJeetle-^n-ubs rarely construct such cases, but the little

Chlamys is a ^'enuine sack-bearer, a^ is another leaf-eater,

Cosciiioplera iloni in iciina.

All the Cadilis-flies are sack-bearers in their larval state,

and the larv« are from this habit called case-worms. The

worm apparently l)uilds them by adding grain after grain

of coarse sand to the mouth of the tube, lining the interior

with silk; if there is moss at hand, bits are fastened to the

exterior, or large pieces of leaves. Fig. 233, a, represents

'^M

^''T^

Fig. 233.—Different forms of cases of caddis-flies.

the case of the European PJiri/f/auca f/rnnditt; but we have

a similar one, formed by cutting a leaf into a broad ribbon-

like strip and then rolling it into a tube. 8ome are like

liorns, while the case of IIelico}).-;yche (Fig. 233, </) has often

been mistaken by shell-collectors for a fresh-water snail

(Valvata).

As architects ants are preeminent, and they evince their

skill in construction not by mounds alone, but also by

digging deep wells and tunnelling broad rivers, as well as

in laying out roads above and below ground.

While our native species are not known to form elaborate

nests, a greenish ant in India {(JuoplnjUix smampilinn) is
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said to form a nest, sometimes a foot in diameter, by draw-

ing living leaves together without detaching them from the

branch;, and uniting them with a fine white web. We
wonder at the instinct of the tailor-bird, but there are

thousands of species of insects which show as much intel-

ligence in sewing together their shelters. Another Indian

ant makes a small nest, about half an inch or more in

diameter, of some jDaper-like material, which it fixes on a

leaf. In Brazil certain ants construct large nests, called

" negro-heads," which resemble wasp-nests, being attached

like them to the branches of trees, though on removing

the outer wraps they are found to differ in having no regu-

lar cells, but consist of intricate curved galleries leading

into the interior chambers and passages.

But it is in the nests of wasps and bees that we have

constructions which attest the highest degree of architec-

tural skill known in' the animal creation, those of man
alone excepted. It is to be observed, however, that here,

as elsewhere, Nature does not make a leap. She does not

present us at the outset with fully developed j^aper-wasps'

nests and colonies, or the highly complicated nest and

colony of the honey-bee. These were, without much doubt,

gradual developments, the results of many failures and

successes of which we have no record. There is a long

series of wasps, for example, whose nests show different

degrees of complexity, which gradually lead uj) to the nest

of the paper-wasp with its numerous cells arranged in

several stories, and all walled in by papery layers.

We have first simple holes excavated in the sand by the

Sphex ichneumonea (Fig. 223). We have noticed a com-

pany of nearly a dozen of these large reddish wasps, whose

bodies are covered by a rich golden pubescence. Each one

for itself—for in these solitary wasps there is no combined

action—began to dig its hole in a gravelly walk, removing

the little stones and coarse grains of sand with its jaws;

as the hole deepened it loosened the earth with its jaws,

and threw it out of the hole both with its jaws and fore
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feet, and when the sand accunuihitcd so as to be in its way

it wouUl retreat baokwanls and push the dirt still farther

back from the mouth of its cell with its hind legs. In this

way, working literally with tooth and nail, it dug a shaft

five or six inches deej). and then flew away after grass-

hoppers to store it, finally filling the mouth so that no dis-

tinct traces of its work would remain.

A decided step upward is the home of

the mud-dauber. This wasp moistens

the dirt with its saliva, forming pellets ^
of mud, which it plasters on walls or

rafters, storing the cell with spiders,

etc. In our common yellow-legged mud-
dauber (Pclii/xdis Jidfipt's) the cells are

built of long pellets of mud placed in

two rows, and diverging from the mid- ,,
' - * ® Fig. JM-An African

die. mud-daiilHT.

The wood -wasps excavate their l)urrows in the hollow

stems of pithy plants, such as the elder, syringa, ra.<!pberry,

or blackberry, the idea seeming to be to save as much labor

as possible; some species going so far, or rather dating so

little, as to refit old nail-holes for their nesting purposes.

Coming to the true solitary wasps, we find species of

very different nest-building habits. While one kind of

Odynerus builds separate cells of mud, placing them in

oak-galls or in deserted nests of the tent-eatcrpillar, another

builds several cells together under a common covering of

sandy mud fastened to a stack of grass. More of an archi-

tectural elTort is seen in the flask-shaped cells of mud which
Kioncnes frdfcniu builds, attaching several of them in a

row to a branch, filling the interiors with little caterpillars.

Of a more advanced order is the nest of Icaria. which

shows that each cell is built independently in regular hex-

agons; sometimes the cells are arranged in two or three

rows; while in the nest of our Polis/is amnilfiris, often to

be found attached to bushes, the cells are cnnvded together

in <Mie plane or story. But in a delicate nest of a South
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American wasp (Mischocyttarus), which is suspended by a

long pedicel, the cells, few as they are, are arranged in two

stories. The transition from this form to the nests of

Vespa and allied forms, which are covered in with walls of

paper with a single entrance, is not great. The paper-

wasps begin to build in early summer, and we could then

begin to form a series of nests in different stages of con-

struction which would be very instructive.

From among the bees there can be selected a series,

showing that at the outset bees began, so to speak, in an

uncertain and tentative way to build their homes. With-

out much doubt the solitary bees preceded in geological

history the social species, though at present the geological

record is a blank, for species of Andrena, Xylocopa,

Bombus, and Apis occur in amber and other Miocene

deposits, and we know as yet nothing of the geological

succession of bees, none being found in the Eocene

Tertiary.

As with the wasps, we may begin our review of the evi-

dences of the nesting skill of bees by first considering those

that simply tunnel the soil, as Andrena, which makes its

nests in pastures, consisting of a straight tubular well or

shaft, from which diverge short passages leading into the

brood-chambers (Fig. 'i-iQ).

Certain other bees excavate tunnels or refit the hollows

of elder and other pithy shrubs. The species of Osmia,

little green and blue bees, build oval cells of mud, placing

them in different situations, either under stones or in part-

ly decaying trees. Osmia simiUima, one of our commonest

species, is shrewd enough to avail itself of the empty galls

of a Cynips common on the oak, placing them in a row on

the vaulted arch of this large oak-apple.

A step higher brings us to the leaf-cutter bees (Me-

gachile), which cut out circular jiieces of rose-leaves, a

single bee sometimes building thirty cells, using during the

process as many as a thousand pieces. With the pieces

thus obtained she lines tubular hollows in trees, etc., and
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stores in each cell a mays of pollen, on which an e^'g is

placed, for the fooil of tiie youn<f gnil).

Carpenter-bees are well named, as with their strong jaws

Fio. 235.—Leaf-outter bee and nest.

they bore perfectly regular holes in pine boards, as straight

as if made with an auger. The tunnel is sometimes made
from 12 to 18 inches in length, and about half an inch

in diameter, so as to readily admit the bee. The industri-

ous little carpenter, working as rapidly as she can. excavates

her holes (in pine wood) at the rate of about a quarter of an
inch a day. Mr. Angus says: " If I mistake not. it takes

her about two days to make her own length at the first

start; but this being across the grain of the wood may not

be so easily done as the remainder, which runs jiarallel with

it. She always follows the grain of the wood, with the ex-

ception of the entrance, which is about her own length."
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Passing over the humble-bees, which are not skilful

architects, we come to the workers in wax, such as the

stingless bees of the tropics (Trigona and Melipona), and

the hive-bee, our only domestic insect. The cells of Meli-

pona are hexagonal, but the honey-cells are irregular and

larger in size. The cells of an Australian Trigona are

arranged in combs similar to those of the common wasp.

Hence these bees are a connecting link between the solitary

bees and the honey-bee, whose elaborate style of architec

ture has been so often recounted.*

* See, for an account of the cells of the honey-bee, the latest and
best work on the honey-bee, " Cheshire's Bees and Bee- keeping"
(2 vols., with numerous excellent illustrations; Loudon, L. Upcott
Gill, 1886-7); for essays on the cells of bees, and the mathematical
principles and theory of construction, the writings of Maraldi,
Reaumur, Huber, J. Wyman (Proc. Amer. Acad. Arts and Sciences,
vii., 1866), S. Ilaughton, G. R. Waterhouse, F. Smith, Tegetmeier,
Darwin, and the author's " Guide to the Study of Insects."

Argynnis aphrodite; under side shown on right.



CHAPTER y.

INSECTS INJURIOUS AND BENEFICIAL TO AGRICUL-
TURE.

EcoxoMic Entomolooy relates to those insects which

prey on our crops; it comprises a study of their liabits,

ohissiticiition, and the remedies ac^ainst tlieir attacks; it also

includes a study of insect-parasites of the domestic animals,

of man himself, as well as household pests. In short, this

branch of applied science treats of the habits and best

means of destroying any insect which is in any way in-

jurious to human interests. To succeed well in this applied

science one must be a close, patient observer and of a prac-

tical turn of mind.

The number of injurious insects in the United States is

large and increasing. Owing to the destruetiveness of in-

troduced species,* the large areas devoted to special crops,

and other causes, crops in this country seem far more liable

to insect-depredationsthan in the Old World, and the evil

is perhaps especially felt in the more recently settled jior-

tions of the country.

Prof. .1. A. Lintuer, the State Entomologist of New York,

in his first report remarks: '" There is probably not a single

* The most obnoxious insects brouirlit accidentally from Eun)pe
are the followiiijr: the wlioat-midirc and Hessian tly; curnuit-worm
(ytDXitiiti nntriroxiin), oyster-shell bark-louse, apple Aphis, hoi>-lousc,

ijrain Aphis, and several other spicies of plant-lice; llie coddlin^-
uiolh, cabbaire-buttertly (P/Vm rupii), cabbagemoth {K]<ht!'tiii t'nU'r-

putittll(i). currant-borer (.i"(7<r/« ii]tiil(tort>u'.'<), asiiarajrus-beetle, clover-

root borer. onion-Uy [P/iorbia ctfkiniHi), and several other niot-flii-s;

also iJome of ovir cut-worms appear to have been introduced from
Euro]H\
On the other hand, we liave unwittingly sent to Europe the grape

Phylloxera.
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crop cultivated which the infesting insects do not diminish

by at least one-tenth—an amount of injury which would
hardly be noticed. They often injure crops to the extent

of one-fourth or one-half, and occasionally entirely destroy

them, as during the ravages of the wheat-midge in this

State in 1854-1857. One of our ex-Governors, in his agri-

cultural addresses, has frequently urged that insect-depre-

dations upon crops of one-fourth or one-half their value

should be regarded as a direct tax of twenty-five per cent

or fifty per cent levied upon their full value, and collected,

perhaps, year after year, without a show of resistance; but

which each farmer could, and therefore should, resist, and
thereby relieve himself from at least a portion of the bur-

den."^

The following estimates of the losses incurred by the

people of the United States will cause one to realize how
large a sum, much of which by proper care and foresight

could be saved, is annually wasted. The agricultural prod-

ucts of the United States are said to amount annually to

$3,500,000,000; of this amount we probably annually lose

by the attacks of insects not far from one-twentieth, or

1100,000,000. The losses from the ravages of the locust

in the border or Western States in 1874 were estimated at

$45,000,000; those occasioned by the cliinchbug in Illinois

in 1864 amounted to over $73,000,000, and in Missouri in

1874 to $19,000,000. The average annual loss to the cotton-

raising States from the cotton-worm from 1860 to 1874 was
estimated as about $15,000,000.

While it is estimated that each species of plant on the

average supports three or four species of insects, very

many plants, especially those in general cultivation, afford

subsistence to many more; for many species which now
attack garden vegetables or fruits, before the settlement of

this country lived on plants of different species, but now
concentrate their attention on one. Thus the Colorado

potato-beetle in its native state lived on a species of Solanum;

and most if not all the other species now injurious to the
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potato, before its introduction lived on other plants. The

insects of the api»le and otlier fruit trees before those trees

were introducetl into America lived on certain forest-trees,

such as the oak, elm, ash, mountain -ash, wild cherry, pop-

lar, willow, etc.

Our forest-trees are also peculiarly liable to depredations

from insects, certain species of which attack the roots,

others the bark, others the wood, many the leaves, and a

few the fruit or nuts. Tims the oak harbors between five

or six huiulred species, the hickory affords maintetumce to

one hundred and forty recorded species, the bireli to over

one hundred species, the maple to eighty-tive, the poplar

to seventy-two, while the pine yields food to over a hun-

dred ditferent kinils.

We will now very briefly notice the most common and

formidable pests of some of our cultivated plants, referring

the reader for further information to the list of works and

reports on economic entomology at the end of this book.

Insects Injurious to Field and Gabden Crops.

Injviring Wheat.

The Joint-worm {hnsoma horilci Harris).—A minute,

fot)iK'ss, yellowish-white maggot often forms blister-like

swellings between the second and third joints of the stalk,

immediately above the lower joint in the sheathing base of

the leaf; remaining through the winter in the stubble,

straw, or harvested grain, and changing into a small,

slender, black, four-winged insect, which deposits its eggs

ir the stalks of young wheat late in May and in .Tune.

This is one of the Chalcididtv, and, unlike the majority

of the family, lives on plants. "When wheat or barley is

from eight to ten inches high its growth becomes suddenly

cheeked; the lower leaves turn yellow, and the stalks be-

come bent. If the butts of the straw are now examined,

they will be found to be irregularly swollen and discolored

between the second and third joints, and, instead of being
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hollow, are rendered solid, hard, and brittle, so that the

straw above the diseased part is impoverished and seldom

produces any grain. .

Remedy.—Burn the stubble in the autumn or early spring for

several years in succession.

Fig. 236.—The joint-worm fly. a, c, e, female; b, d,f, male.—After Eiley.

The Hessian Fly {Cccidomyia destructor Say).—Two or

three small, reddish-white maggots embedded in the crown

of the roots or just above the lower joint cause the stalks

and leaves of wheat to wither and die; the maggots harden,

turn brown, then resemble flaxseed, and finally change into

little black midges with smoky wings, which lay from

twenty to thirty eggs in a crease in the leaf of the young
plant.

There are two broods of the fly, the first laying their

eggs on the leaves of the young wheat from early in Aj)ril

till the end of May, the time varying with the .latitude and

weather; the second brood appearing during August and

the early part of September, and laying about thirty eggs

on the leaves of the young winter wheat.

The eggs hatch in about four days after they are laid.

Several of the maggots or larvae make their way down to the
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slir;itiiiii<,f base of the leaf, and iciiiaiii Ix'twecii tlie base <»f

the leaves and the stem near the roots, eau.sinj^ the stalk to

swell and the jtlant to tnrn yellow and die. By the end of

November, or from thirty to forty days after the wheat is

sown, they assume the ''flaxseed" state, and may, on re-

moving the lower leaves, be found as little browu, oval,

cylindrical, smooth bodies, a little smaller than grains of

rice. They remain in the Avheat until during warm wi-ather;

in April the larva ra])idly transforms into the pupa within

its flaxseed skin, the fly emerging from the flaxseed case

about the end of April. The eggs laid by this first or spring

brood of flies soon hatch; the second brood of maggots live

but a few weeks, the flaxseed state is soon uiulergone, and

the autumn or second brood of flies appears in August. (In

some cases tliere may be two autumn broods, the earlier

August brood giving rise to a third set of flies in Sep-

tember.)

There are several destructive ichneumon parasites of the

Hessian fly, whose combined attacks are supposed at times

to destroy about nine-tenths of all the flies hatched. Of

these, the most important is the Chalcid four-winged fly,

SemioteJIus (Merisus) destructor (Fig. 23T, /, much en-

larged), which infests the flaxseed; and the egg-parasite,

Pldfi/gaster fiern'ckii Pack.

Ukmkdiks.—By sowing u part of tlu- wlu-at larly, aiul, if alTcctfil

by I lie Uy, iiloiiirliing nud sowing tlio rtst aftrr ScpIemlKr 20, thr
wheal crop may in most rases be sjived It should i)e remembered
ilia' the Jir.^<( l)rood should be thus circumventeil or destroyed in

onl>'r th:it a second, or spring, brood may not apjuar.
If the wheat be only partially allected, it may be s;ived by

fertilizers and caref\il cultivation ; or a badly damaged tield of
winter wheat may thus be reiuperated in the spring.

Pasturing with sheep, and eonsecpient close cropping of the win-
ter wheat in November and early December, mnj' cause many of the

eggs, larvtv, ami flaxseeds to be destroyed; also, rolling the ground
may have nearly the same effect.

Sow hardy varieties. The I'nderhill Mediterranean whe.-it, and
especially the Lancaster variety, which tillers vigorously, should be
sown in preference to the slighter, less vigorou.s kinds in :i region
much infested by the Hy. The early (Auirust) sown wheat might
be Diehl; the late sown" Lauca.ster or Clawson.
Of special remedies, the use of lime, soot, or .s;dt may be recom-

mended, also raking off the stubble; but too close cutting of the
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FiG. 237.—Tlie Hessian fly and its transformations,
k healthystalk of wlieat on the left, the one on the right dwarfed and the lower
leaves bep:iniiiug: to wither and turn yellow; the stem swollen at three places,
near the giound where the tla.\si>ed (h) are situated, between the stem and
sheathing-base of the leaf. n. esK of the Hessian tly (greatly enlarged, as are
all the figures except e and /(); b. the larva, enlarged, the line by the side, in

tins and other figures, showing the natural length: c. the flaxseed, puparium,
or pupa-case; d, the pupa or cln-ysalis; e, the Hessian fly. natural size, laj'ing
its eggs in the creases of the leaf; /. female Hessian tly, much enlarged: g,
male Hessian fly, much enlarged; h. flaxseed between the leaves and stalk;
i. t'halcid parasite of the Hessian fly, male, enlarged.— Fig. b drawn b.v Mr.
Riley ; Fig. d by Mr. Burgess; Figs, a, c,and i, by the author; h, g, f, drawn on
wood by L. Trouvelot. (,To /ace page 195.)
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wheat and l)uniine: tlic stub-
ble are of dtnibtful use, as
tliis (Ifstniys ihe useful para-
sites as wrll as the llii-s.

The Wheat-midge {Di-

phtxis frih'ci Kirln).

—

This spoc'ios injuros tlic

head. Several minute

oniiitre-retl niajjgots, an

I'iiilitli of an ineli long,

crowding around the ker-

nels of wheat, cause them

to shrivel and di-y when
rii)e. The maggots de-

scend into the ground and

spin minute cocoons, from

whieh in the following

J u n e emei-ge b right
orange - colored midges.

This insect is far less

common and destructive

than the Hessian lly.

Kkmkdy. — Plouirh deep
lifter harvest, and burn the
'• si'reeniiiixs" after threshing.

Chinch - bug {/llisf-'i/s

Jt'iiro/)/t'rus Say). — This

bug, while young, sueks

the roots of wheat and

corn, afterwards infesting

in gri'at numbers the

stjilks and leaves, ])unc-

turing them with its

beak. It a]ipears early

in June, and there is a

summer and ai\ autumn
brood, the adults hiber-

nating in the stubble.

Fig. 238 —'VN'heat-midee. o. male; h. fe-

male; c, wiiip. ciiliirficil: '/. aiit.-inml joints

of male; e. of fenial"-: /. ovii .siior. with
its two sliilinp tul>esanil tni'.mal appen-
(lages for griiidiiiK the eiiirs. ;/; li. larva* on
a kernel; i". the larva, enlarKed; i'. the
same, natural si/e: ./. the sjime crawlinp,
with its antenna' exiemied; k. anterior. /,

posterior, end.—After Fitch.
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Remedies.—Burn the stubble, old straw, and corn-stalks among
weeds in fence-corners in tbe early spring. Sow small grain early
in the spring; fall ploughing and the use of the
roller upon land that is loose and friable are
recommended. Where irrigation is practised,

fields may be flooded for several days in suc-

cession, and thus the insects driven ofl: or
drowned. A kerosene emulsion, sprayed with
the force-pump and cyclone nozzle, will de-
stroy immense numbers; and deep furrows,
with a log drawn through them to grind the
soil into dust, will also prove useful in arrest-

ing their progress.

Grain Aphis {Aphis avence Fabr.).

—

Multitudes of dark plant-lice, clustering

on the heads of wheat in August; in fig. 2.39.-chinch-bug.

certain years blacken the fields of grain, and by sucking

the kernels cause them to shrink in size and to diminish in

weight.

The Northern Army-worm {Leucania unipunda Ha-
worth).—This caterpillar periodically ravages wheat and

other grain fields in the Middle and Northern States, march-

ing throtigh them in great armies. The
moth appears late in the summer or

early in autumn, when it hibernates,

after laying its eggs near the roots of

perennial grasses; or farther south it

Fig. 240.—Northern army-worm, a, moth, witli details.—After Riley.

hibernates in the chrysalis state, laying its eggs in April

and May, but later northward. The eggs hatch, the young
appearing eight or ten days after, and the worms are most
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destructive in a wrt suiiiiniT succeeding a dry one, at the

time when tlie wheat is in the milk. The caterpillar state

hists a month; tlie chry.silis state two weeks, unless it liibi-r-

nutes.

The eateri)inar is an inch and a half long; the head is

covered by a network of confluent s])ots, and along tlie

middle of the face run two lines diverging at each end. A
light-colored waved line just above the U-gs is succeeded by a

dark one, then u light one edged with two thread-lines;

while the upper i)art of tlie body is dark, with an inter-

ru])ted white thread running along the middle of the back.

The moth is rusty, grayish-brown, sprinkled with black

specks; and the species is called unipimda from the single

white discal dot of the fore wings.

UKMKniKs.—The best prcventivt- rnnedy is to burn meadows and
^frass-laiids. where the eirijs are hiid, in autumn. Wlieii the armie.s
are in nuition and threaten a liehl of wlu-at, tlie latter sliould be
proti-etcd by a deep trench with steep (ir undermininir sides, iu
wliicii (ins are tcindled or kerost nc is poured. The use of the ditches
may hv supplcnicnted by liusiiii;; the <friL>is or wheat for a few feet
on eaili side of tlie ditili witli Paris green.

The Wheat-head Army-worm (Leucania alhilitica).—This

caterpillar injures the heads of wlieat, rye, and liarley, begin-

ning at the base, sometimes at the centre of the ear, some-
times hollowing out the soft grains, leaving nothing \n\i the

shell and the chaff. The cateri>illar is like the foregoing

spi'i'ies, but is strijied with suli)hur-yellow and liglit and
dark brown lines. The insect is common from Maine to

Kansjis.

The Wheat Thrips {TIi rips sfn'afus O^horn, Fig. 58).—
This is an exceedingly minute, active, long, narrow, leap-

ing insi'ct of a bright yellow or shining black color, occur-

ring in numbers on the heads and stalks in June and July,

puncturing and thus exhausting the juices of the kernels,

and rendering them dwarfish and shrivelled. Another
kind common on wheat in New York, in Juiu-, is the three-

banded Thrips {('oleothrips trifasciata Fitch).

Other wheat-insects are certain species of Oscinis,Chlorops,
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and Meromyza, which injure the stalks and leaves. The
roots are eaten by tho white grub, wire-worms, etc., while

stored grain is destroyed by the caterpillar of the Angoumois
moth {GelecMa cerealella), by the grain weevil {Sitopliilus

granarius), and by the grain Sylvanus (& surinamensis).

Injuring Corn.

Cut-worms {Agrotis svffusa D. & S. aiid other species).

—Not corn alone, but other cereals, the grasses, and most

garden vegetables are iudiscriniinately attacked by different

species of caterpillars of Agrotis and allied genera, which

are called cut-worms from their habit of gnawing or cutting

off the leaves or heads of young succulent plants as they are

coming up out of the ground. They are thick, with a dis-

tinct horny scale (prothoracic plate or shield) on the segment

next to the head, and are usually marked with shining and
warty, or smooth, spots of the same general color as the

rest of the body, and are usually longitudinally striped.

They are to be seen early in spring hiding under sticks,

boards, and stones, having hibernated in this state. They

Fig. 241.—Cut-worm and its moth.—After Riley.

feed by night, hiding in the da3i;ime, and the chrysalids

are situated under ground. They transform into moths,

sometimes called dart-moths, which may be known by their

crested thorax and ciliated or (rarely) pectinated antennae,

while the fore wings are rather narrow, usually with a dark

dot near the middle of the Aving, and just beyond a reniform

or kidney-shaped mark; there is usually a basal, median

black streak. The moths appear in midsummer, and lay

their eggs near the roots of grasses; these hatch in the
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autumn, the worms living on the roots and sprouts of

herbaceous phmts. and on the aj)j)roaoh of winter deseend-

ing below the reach of frost.

Rkmkdiks.—Hrfon- i)lantin^. llic seed-corn sliouUl be soaki'd in

toppoms-wiitcr; while late in antiinm coni-laiKi sliouid be i)Iuu,L'he<i

(leejtsoas lo turn iij* the lialf-irrown worms, andexpo-^e tlieni to w inter

coUls and insectivorous liirds. Wiien llie worms have be^ruu their
attacks, sear( h should Ite made for them by diiririnir up the soil

around the plant. They may also be trapi)ed in holes made by a
stake in eorn-hills, or near eabbaire-|>lants, etc. According to Kiley
they may be ilestroyed by the wholesale l)y droi)ping between the
rows of the crop to be protected, at nijrhifall, balls or ma.s.ses of
fresh-cut grass, clover, or turnip-leaves w liich have been sprinkled
with the Paris-green or London-purple solution.

Wire-worms.—Eating the roots of corn, wheat, grass,

etc., hard, cvliiulrical, reddish worms, taperingalike towards

each end of the body, and changing into suai)ping beetles.

(See family EUtieridcp, p. 109.)

HKMK.niKS.—They may be caught by placing slices of potato,
turniji. or apple iu the beds, and examining the under sides every
morning.

/--,

Fig. 243.—Wire-
womi.

Fig. 2-1.1.—Corn inappot. <i. larva;

6, pupa-case.—After Rilt'V.

The Corn-maggot (AnfJiomtfia zecp Riley).—(Gnawing seed-
corn after it is jilanted. a maggot which sometimes abounds
so as lo nearly ruin entire corn-tields.
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The Corn-weevil {Sjilienojjhorus zece Walsh).—Puncturing

large holes in young corn near the base of the stalk, before

it has spindled, and sometimes destroying whole fields of

young corn, a rather large black weevil, nearly half an inch

long.

The Spindle-worm {Acliatodes zem Harris).—Boring in the

stalk before the corn spindles, causing the leaves to wither,

a caterpillar an inch long, smooth and naked, with the head

and last segment black. When the leaves begin to wither,

cut open the stalk and remove the worm.

The Stalk-borer (Gorfi/na nitela Guenee).—Boring in

the stalks of corn, potato, tomato, etc. , a caterpillar of a pale

livid hue, with light stripes along the body; also sometimes

boring into the cob of growing Indian corn.

This worm also bores in dahlia and aster stalks, and may
be cut out with a penknife, and the split in the stalk will

heal by being closed with a piece of thread.

Besides these pests, corn is often attacked by the chinch-

bug, and sometimes by the boll-worm, as well as the cater-

pillars of the lo and Arge moths.

Injuring the Cotton-plant.

The Cotton Army-worm (Alelia argillacea Hiibner).

—

This caterpillar often feeds in vast numbers on the leaves of

the cotton-plant. It has a looping gait; is slightly hairy,

^,^^^^^v ^^
.rwm Si"^6J^? dotted with black along

^Sf^^^^^^^^HBm ^ subdorsal yellowish line, with

i^^^^gS^ggSft m^P ^^16 first three states of egg,

\|^-;,^,J!^^^^^^^ ^»^ larva, or chrysalis, and it sur-

, vives the winter in the moth or
Fig. S44. — Cotton-worm ; egg and .

i
• -i . i

moth. nnago state only m the southern

portion of the cotton belt." The moth, he adds, liiber-
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nates j)riiu"iii:illy uiuIit the slu-lter of rank \v i re-prni>.s in

the nioiv licuvily tinibt-ivd portions of tlie South, ami l)egins

hiving its I'ggs (400 to 500 in number) on the ratoon cotton

wlieu this is only an inch or two high. The localities

where it liiliernates. and where eonsecjuently the earliest

worms ajipear, seem to be more common in tlie western

part of the cotton belt (Texas) than in the Atlantic cotton

States. It is inferred that from this region the moths emi-

grate i-ast and north, laying their eggs later than the original

Texan broott, as in Alabama, (ieorgia, :ind northward. The
recently hatched worms of different si/A'S were found late in

March on ratoon cotton in southern Georgia and Florida,

and in late seasons from the middle of April to the middle
of May, though they do not attract the attention of planters

nntil the middle or hist of June. In midsummer the period

from hatching ta the time when the moth lavs her eggs is

less than three weeks, while in s{)ring an«l late autumn twice

tiiat time nuiy be re(piired. There are thus in the northern
cotton States at least three "crops" or broods of cater-

pillars in a season, while in Texas there are at least seven

annual generatio7is. The first generation is only local, but
in Texas, sjiys Kiley, "The third generation of worms may
become, under favoring conditions, not only widespread bnt
disjistrous, and the moths produced from them so numerous
that they acquire the migrating habit. This generati(m

appears in south Texas during the \x\iWv part of dnne, and
in south AlalKima and (ieorgia somewhat later," and this

is the first brood which attracts general attention. When
the worms are very abnndant and the cotton well '• ragged,"

til" moths, driven by need of food for their progeny, and
with favoring winds, migrate to distant points, and tlius

spread late in summer northward, and they have been scon

as far north as Boston, Buffalo, and Kacine, Wis. At the

same time these northern specimens are so fresh that they

are snj^posed to have been bred on some nnknown northern
food-plant. This point is not yet settled.

The earliest worms are contined to the low lands and to
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luxuriant plants; severe rains destroy them, as do late cold

rains, while frequent summer rains favor their development,

and hot, dry weather is destructive to them.-

The natural enemies of the cotton-worm are numerous;

birds, toads, lizards, and certain kinds of ants prey on them,

besides ground-beetles, bugs, and a number of species of

ichneumons, including an egg-parasite (Trichogramma).

Remedies.—While many moths can be destroyed by lights, the

universal remedies by which great numbers of the worms are destroyed

are Paris green, petroleum emulsions, and Persian insect-powder;

and among devices for applying the liquid insecticitles the centrifugal

or cyclone spraying-nozzle is the most efficacious.

The dry preparation is one pound of the green to from 20 to 35

pounds of cheap tlour, or, instead of tiour, land plaster (gypsum) or

cotton-seed meal. The best preparation of Paris green consists of 1

pound to 40 gallons of water. London purple may be applied dry,

using 2 pounds to 18 of flour, etc. ; or wet, one half a pound to 50 or

55 gallons of water.

A tine spray of kerosene oil applied to the leaves will kill all the

worms in a remarkably short time; but as petroleum in any form
injures the plant, the oil must be so diluted as to injure only the worm
and not affect the plant. Prof. Barnard suggested the use of milk as

a diluent, and finally an emulsion was perfected by Mr. Hubbard for

onmge insects, which is now in general use. Cotton-seed emulsions

are less efficacious than those made with petroleum.

Another important insecticide for field use against the cotton-worm
is pyrethrum or Persian insect-powder, applied by a bellows, or in

water solution, the powder being simply stirred up in water (200

grains to 2 gallons of water), applied by means of a fountain-pump
or an atomizer. The inventions for applying insecticides, both dry
and wet, are very fully described and illustrated in Riley's report on
the cotton-worm, forming the fourth report of the U. S. Ento-
mological Commission.

Injuring the Potato.

The Colorado Potato-beetle {Lcp/iiiofnrsa lO-UueataSaj).

—Devouring the leaves, a large, thick-bodied, reddish-

orange grub, with black spots on the sides, changing usually

under grouiul into a large hemispherical yellow beetle,

about half an inch long, with ten wide black stripes on the

back; three broods of the grub appearing in one season.

Originally an inhabitant of Colorado, this destructive beetle

is a constant plague all over the Northern and Middle
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Stiitc's, us wi'U as Canada, New l{l•llll^^\\ itk, and Nova
Scotia.

Remkdiks.—The uiii\Ti-saI roinoily is Paris <rri-cn, one j)art inixi'd
with about twenty parts of cheap Hour, and dusUd with a (ircdiriu^-
box over the vines early in the niornim: while the dew is on tl.c irrouud.
As tlie dry powder lilows jibout, and is a poison, Paris green l)einL' a

FiQ. 245.—Colorado potato-beetle. «, e^gs; h, b, h. larva; c\ piiiia: ./, bt-elle.

preparation of arsenic, it is better to apply, with a spniviii::machine
or watering pot, a iiiiuid preparation, i.e.", a nii.xture of Paris green
and water. t)n small farms and in gardens near the dwellin<r-hoii.se
Paris green shoidil be \ised with caution, as it has been known to
poison cows and horses.

Blistering-beetles {M({croh(i.sis ciiwrca l'':iltr.. Kjiicaitht

pensijh'anirK Do (uvr, etc.).—These insects do more or less

daniai:;e to pot^ito-leiives in certain years. The black blistei-

ing-heetle {K. penftylvavint) is commonest northward; it is

totiilly black, and is a little smaller than the irray species

{M. cincmi), which is asli-colored on the head, the pro-

thora.x. and under side of the body. The striped lili.-terin»j-

beetle (A'. viUafa) is lonjier and slenderer than the otiiers

named, and is day-yellow, with six black lonjritudinal

stripes. The remedies recommended for the Colorado
beetle will ilestroy these and all other insects feeding on
potato-leaves.
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Flea-beetle {Haltica cncumeris Harris).—Eating

holes in the leaves of this and other garden vege-

tables, especially the cabbage, sometimes riddling

them when young and causing them to turn rust-

color, minute blackish beetles, which on being dis-

turbed leap off like fleas. Watering the leaves

with a solution of lime, or sprinkling them with

wood-ashes, drives them away.

The Striped Garden-tug {Lygus lineolaris Beauvois).

—

Puncturing and poisoning the leaves of the potato and all

sorts of garden vegetables, causing them to wither and turn

black, a medium-sized bug with a yellowish head and a

5-liued thorax.

Remedies.—Sprinkle the leaves with alkaline solutions, such as

strong soapsuds, or decoctions of tobacco and of walnut leaves, or

dust the leaves with air-slaked lime or sulphur.

Fig 247 —European cabbage-butterfly. A, male; B, female; a, larva; h, pupa.
After Riley.

Besides the foregoing insects, potato-plants are often

attacked by the great Sphinx or horned caterpillar, the

grubs of the golden-helmet beetle {Cassida aurichalcea),
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while the stalks an- soiiict iiiics tuiincllfil hy the ^M'lih of ;i

wi'i'vil {/urn'ilius Irinotulns iSiiy), as well as the caU'ipillar

oi' iiurtijim iiitcld.

Injuring the Cabbage, Radish, etc.

The European Cabbage-butterfly {I'len's rupip. Sehrank).

— Fec'diii^f not only on the outer leaves, but boring into tbo

beads in all directions, a green, velvety caterpillar with a

yellowish stripe along tbe back and side, and turning into

a white butterfly with four (male) or six (female) conspicu-

ous black spots. There are two broods of worms, tlie insect

wintering as a chrysjdis. It is held in check by a Chalcid

})arasite {Pieromalns piipartnn Linn.).

Hemeoies.—Destroy tlu- bultcrlHes bycaptvirinjr thtin with a liand-

not; traj) llie rlirysalids \>y placin-r boards sliirlitly niisotl from the
ground, iiiidi-r wliiih tlic catrrpillars may pupate; u]so silt ovrr tin-

caliliajri-Iicads a powdiT composed of one part of pyntlinim diluted
with twenty parts of Hour, or sprinkle a saturated infusion of pyreihrum
on the plants. Excellent remedies are aiiplications of hot water, or a
solution of one pound of whale-oil soap liissolved iu about six gallons
of water, or strong tarwater.

The Cabbage Plusia (l^Iusia bnis^ica- L'iley).—Iu August
and September, gnawing large, irregular holes in tlie leaves;

a rather large, pale-green

cateri)illar, marki'd with

still paU'r, more opaque

lim\s. ami with three

pairs o!" abdouiinal feet,

being a semiloopor, and

changing to a grayish-

bnnvn moth, w h o s e

wings are adorned with

a distinct silver mark

of interrogation. Tho„ ,.o r, ,. u .. . j*
.

Fig. 248.—Cabbape-biip. n. h. nymphs: c, d,

moth lays her eggs singly e, epprs.—Aftor Riifv.

or in small clusters on eitlier side of the leaf, the young

worms feeding first on the outside leaves, afterwards boring

a short distance into the heads. There are four broods a
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year, and both chrysalids and moths hibernate. Apply

remedies like those suggested for the cabbage-butterfly.

The Harlequin Cabbage-bug {Mnrgantia liistrionica

Hahn).—Destroying, in the Southern States, by its punc-

tures, cabbages, turnips, radishes, mustard, etc.; a black

and orange-colored bug. The very young, as well as the

old, combine to destroy the plant, which wilts as if poisoned.

Besides those already mentioned, cabbages are more or

less injured by the web-moth {Plutella xylostella Linn.),

the zebra caterpillar (Jlamestra picia Harris), the cab-

bage Aphis, the cabbage-weevil {Otwrliijnchus jji'cipes

Fabr.), etc. All can best be destroyed by the use of py-

rethrum.

The Radish-fly {Anthomyia

radicnm B o u c h e). — The
chief pest of radishes is a

small white maggot which at-

tacks young plants raised in

old soil. It changes to a pupa

within a barrel-shaped pupa-

case, from Avhicli emerges

pupr-cas;:"naturaisizeaudeuiarge.i;a small fly similar tO, but
-After Curtis. about half as large as, the

house-fly. The best preventives are early sowing in a light

-vVi-"^ ..^ ,^ i.
new soil, and the annual ro-

tation of crops; also the appli-

^^^^^ cation of hot water, salt, and
^-\ ..di^^^Bv lime.

The Pea-weevil (BrncJins

pisi Linn. ).—The only serious

pest of peas is the weevil,

which spends its whole life in

F.G.250.-rea-weevil, natural size and ^^^^ P^'^' ^XCCpt whcu the
enlarged; b. pea containing a weevil, plant is in floWCr.

Remedies.—As a preventive against wormy seed-pens, tliey should
be kept sealed up iu tin cans over one year before planting;" or soak
the peas in boiling water for a few minutes before planting. Worm-

FlG, -Radish-fly larva;

M
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eaten pens may be (lelt'cted by placing iIjl- whoU- lot in water,
wben tbe iiifestetl ones will float cm tbe surface. Tlu- weevils in |)eas

may be killed by sultminiiiir tbe infested peas tu the fumes of bisul-

pbide of earlM)U in a ek)sed vessel.

The Bean-weevil {Hniclmsfabw Kiley).—This is a smaller

weevil tiiiiii tiiat of the pea, and injures beans in the same

manner, except that the beans are tenanted by several

weevils; it is, however, a more formidable pest than that of

the pea.

The Squash-borer {MrUtliit cucurhUa' Harris).—Squash-

viues are often killed by a borer in the stalk, a short, thick

caterpillar, whitish, with a dark head and horny patch just

behind it. It changes to a

beautiful, narrow- wini:ed

orange-colored moth s})ot-

ted with black. The borer

lives in the vine until the

end of Septeml)er, and pu-

pates either in the vine or

in the ground ; hence if

all the vines are collected

and burned in the autumn, there will be less borers the

following season. \'ines planted late are less injnii'd than

early ones.

The Striped Squash-beetle {I'idbvotica viltata Ywhw). —

Fio. i!51.—Squa.<5li-borer (a> and moth
Natiiiul sizf

.

l"io. •»'.">,'.—Squash-beet If. a. grub; h, jmpa.

As soon as squash-, cucumber-, and melon-viiu-s are up. the

young leaves an- eaten by a small yellow-stripiMl In'etle,

whose larva is a long slender grub, which Ixnvs in the roots

in June and July. The eggs are deposited on the root, at

or just below the surface of the soil ; the larva liecomes fully
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grown iu about a month after tlie egg is laid; it remains in

the pupa state about two weeks, and the beetle probably

lives several days before ovipositing, so that one generation

is in existence about two months, and there are two or three

generations in a summer. The beetle must hibernate, as it

appears very early in the spring.

Remedies.— Sifting the leaves with powdered oyster-shell lime or

gypsum, hellebore or pyrethrum, is worth trying as a remedy, while

covering the young vines with cotton or a high frame covered with

fine muslin is the usual preventive.

The Squash-bug {Anasa tristis De Geer).—Numbers of

this great black bug are to be seen clustering

about squash-vines, sucking the sap with

their stout beaks. It is a large blackish-

brown bug, dirty yellowish beneath. To-

wards the last of June the female lays her

eggs on the leaves, and the young may soon

be seen sucking the sap in the leaves. Suc-

i-iG. 253.—Squash- ccssivc bi'oods ai)i)ear during the summer. It
bug. Natural ^/

-, . - .

size. can be controlled by hand-picking.

Another species sometimes injurious to squash-vines is

the squash "lady-bird" {EpUachna horealis Thunberg),

whose larva is a yellowish grub with long branched spines,

arranged in rows of six on each segment, excej^t the first

thoracic, which has only four. The beetle is like a large

Coccinella, and is yellowish, Avith seven large black spots

on each wing-cover. The pickle-worm {PhaceUnra niti-

ihdis Cramer) bores C3^1indrical holes in cucumbers and

melons as Avell as squashes. It is a pale greenish-yellow

caterpillar, with a pale reddish head. It spins a slight

white cocoon, from which the moth issues eight or ten days

afterwards.

Injuring the Hop-vine.

The Hop Aphis.—This plant-louse is a great pest of the

hop, as it clusters in immense numbers on the branches

and leaves, and is very difficult to extirpate. Prof, Kiley
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has disfoviTcil thai, like tin- Kuropean liop-luiise, it lavs its

eggs at tlu- aii[troacIi of cold weutlier ou trees near the vines.

The Hop-worm {Hi/poui humuU Harris).—In Jun^s and

Fig. 354—Hop-worm, i>iipa, and moth; all natural size. .

again in July and August, hojMeaves are devoured In-

active, slender, grass-green catcrjtillars, with l»ut four j)airs

of abdominal legs.

REMEniKs.—Hand pickiim and vieoroii^ly shakins; the vines twice
a day, a.s well as sprayiiiir tlie viuiswitli whale-oil soaji, are advisable.

Injuring the Grapo-vine.

The Phylloxera (/'/n/lhucni ras/u/n'u- Planehon).—Hy

Fig. 2^5.—The Phylloxera, winpless leaf-form, a, umier. b. upper, si.ii- of newly.
hatohfil larva; r. eirp: rf. section <if the lejif-pall OMlaiuint; the ium-cIs; e.
swfllinp of tendril: /. side. </. upper, h. under, view of the mollier t^alMouse;
i, antenna; j. two-jointeti tarsus.—After Kiley.

far the most destructive insect of the vine is this Aphid.

It exists in two forms, one raising irregular g:ills ou the
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leaves and the other forming small swellings on the root-

lets. The root-form is both wingless and winged, the latter

Fig. 256.—The Phylloxera, root-form: a. healthy root; h, one in which the h"ce are
woi-king, their puiietiires causing the swellings; c, a root deserted by tliem, the
rootlets beginning to decay; d. d. d, d, lice of natural size on the larger roots;
e, pupa of the female, fir.—Aft^r Riley.

very rare; the leaf-form is said to be always wingless. The
chief injury is done to the roots, which die under the at-

tacks of this minute, insidious foe.

All direct applications of chemicals, and the removal and

burning of the bark of the vines, usually result in failure to

kill the few winter eggs to be found; Eiley maintaining

that the normal mode of hibernation of the species is as a
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young larva upon tlu' roots. It has been discovered that

the insect cnn continue i)roj)apitin<r under ground for at

least four years without the laying of fertilized v^^^^a.

Remkpiks.—In FniiK'c and Southi-rii Europ<' preventive remedies,
such as (lie sulunertreiire of the vineyards, and especially the importa-
tion and use of Anuriean stocks, have been the chief means of success
in dealinj^ with this pest. The season, however, says Hiley, in which
insecticides (especially suI])ho-(ari)onatesi aiiplied to the roots will do
most f^ood is in the interval between the hatchinir of the ferlili/cd

winter-«'<r^ and the appearauce of the winged females, i.e., during
May and June.

Other insects occasiontilly injuring the vine are the larva

of the gra])e plurne-inoth (Pterophorus), which, as the leaves

and Hower-huds expand, eats them, in certain years mate-
rially lessening the crop. Various other caterpillars, as the
*• vine-dresser" {Everyx »ij/ron). which cuts off the leaves

and sometimes the half-grown clusters of grapes (as does

also the tree-erieket). also certain leaf-lieetles, do nu>re or

less harm, while the fruit is at times infested by a leaf-roller

{Lohesia botrnna), and the seeds are sometinu's teiumted by
the little white maggot of a chalcid {laosonui rth's), which
causes the fruit to shrivel, without maturing:.

Injuring Friiit-trees.

Of insects injuring fruits, Mr. J. A. Lintner estimates

that there are in the United States at least llKK) sjKH-ies; of

these 210 are known to live at the expense of the apple-tree.

We can only call attention to some of the most {n'ruicious

pests, referring the reader for further information t«> Mr.

W. Saunder's excellent book, "Insects Injurious to

Fruits."

The Apple-tree Borer (Sapcrda candidit Fabr.).—This
beetle (^Fig. loj) iHrs about the orchard in May autl dune
in Missouri and Illinois, but in July in New England,

and the female lays its eggs in gashes in the bark. The
larva or grub upon hatching bores upwards int.* the wood,
where it lives within a few days of three years. Enlarging
its burrow, it transforms in a cell lined with chips, situated



Fig. 257.—The Vinedresser, with the chrysalis iu its cocoon; and the moth.
After Riley.

(To face page 213.)
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eight to ten iiidn's from its birth-i»l;ic»'. It is notorious

that this boror will kill both old iiiul yoiinj; living trees.

Ukmkdiks.—In late siinimer and autumn the l»ark should he care-

fully ixaniintii for the j^ashi-s math- by thflu-etk- in laying' its ejrtrs,

ami tla- small i^rulis cut out of the i)ark or sap-wood. Vounj; trees

should also iie scraped and soaped, and the trunk at base l»e sur-

rounded by tarreil pajier to prevent the feumle beetle laying her

The Coddling-moth (' nrpocapsa pomoneUii Linn.),—Be-

sides the caiiki'i'-wonii iiud tent-cuterpillur, whicli are locally

destructive, the universal pest of the apple-orchard through-

out tlie United States, from Maine to California, is this in-

sect. In the Nortiiern States the moth Hies in May, laying

its eggs iu the calyx after the blossoms fall, ami in a few

¥\a. 258—Cotldlinc-moth. a. worm eatt'ii apple; h. point at which the ejrjr is

laiii, ami iit whieli tlie yoiinsr worm entereii; (/. pupa; », fullgrowii wonii; 'i,

its lieml; /, </. molli; i,"coco<>u.—After Riley.

days the larva liatches, burrowing into the core, when in

three weeks it becomes of full size, being a pale whitish

caterpillar nearly an inch iit length. As the result of its

work, the apple prematurely falls to the groutul, when the

-vvorm deserts it. It then usually creeps up the trunk of
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the tree, spins a thick cocoon in crevices in the bark, and

in a few days a second brood of the moths appears; but most

of the caterpillars hibernate in their cocoons.

Remedies.—The obvious preventive remedy is to gather the wind-

falls each day as soon as they fall and feed them to the hogs, while

fowl should be allowed to run in the orchard. The best direct

remedy is to bind bands of hay or straw around the tree from July

to the last of September, replacing them every few days by fresh

ones, the old ones being burnt, so as to kill the caterpillars or chrysa-

lids hiding beneath the bands.

Prof. Forbes, as the result of numerous experiments, tinds that by
once or twice spraying with Paris green, in early spring, before the

young apples had drooped upon their stems, there was a saving of

aboutTTS per cent of the apples exposed to injury b}' the coddling-

moth. It should be added that spraying with this poison after the

apples have begun to hang downward, is unquestionably dangerous.

Another general pest, often destroying young orchards or

separate trees, is the apple bark-louse, while stored apples

are destroyed by the maggots of flies (p. 126).

The Plum-weevil {Conotraclielus nennphar Herbst).

—

This weevil has well-nigh

exterminated the plum in

the Eastern States, and its

attacks far outweigh in im-

portance those of all other

plum insects. It resembles

a dried bud; Avhen the fruit

is set it stings the green

plums, making with its beak

a curved incision in which a

single egg is deposited. The

larked;' d^^M prcsencc of the grub causes
size, puncturing a plum. the fruit to prematurely drop

with the larva Avithin. The latter, maturing, leaves the

plum, burrov.s into the ground, and during the last of

summer becomes a beetle.

Remedies.—As a remedy the trees should be frequently shaken
or jarred, and the weevils, falling into a sheet placed beneath the

tree, should be collected and burnt. Forl)i's finds that about half

the damage done by weevils may be prevented by spraying the trees

with Paris green early in the season, while the fruit issmall.

Fig. a59.—Plum-weevil,
pupa; c, beetle
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The Peach-tree Borer [Sunnina exi/iusa Say).

—

Tliis

boivr outranks all oIIht iiisoots as a di'strovcr of peat-li-

treos. It lays its eggs in tlio bark near tla- ground, and
tlu' woi'ni on liatc'liiiig attacks tin* living tri'cs. boring into

the bark and wip-wuod oi" the roots, or trunk, eausing the

Fig. SCO.—Peach-tree borer, a, male; b, female.

gum to exude, so that its presence may be easily noticed.

AVhen tlio cateri)illar is one year old it makes a cocoon

under the bark of the trunk or at the larger roots of the

tree. To prevent its attacks heap the earth high around

the trunk, or wraj) tarred jtapcr around tlu' lower part of

FiQ. ?61.— 1, eprps of the currant saw fly deposited alonp tlie midribs; 2 and 3,
tbc holes bored by tlif yonnp worms.

the trunk: when the worm is fairly at work, cut it out, ap-

plying wax or clay to the wound.



Fig. 262.—Currant-worm, a, enlarged.

Fig. 263.—Saw-fly or adult currant-worm, a, male; b, female.

(To face page 217.)
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The Currant-worm {Xcnidhis ventricosits Klui^).—This

saw-lly larva or false catcrpillai- is far luori' (k'structivi* than

all otlu'r iiist'cts comljiiit'd to currant and goust'bi'rry shrubs,

since the voracious larvi\3 appear in successive broods.

The female, without having paired with the male, deposits

her whitish cylindrical eggs along the under side (tf the mid-

ribs. In four days the worms hatch, and eight days aftei*

become fully fed, burrow into the ground, remaining in

the pupa state about a fortnight.

Kkmkdiks.—Powilercd liolleborc or pyrotlinim iiuxcmI with fouror
live times its bulk of cheap Hour will, if coustauUy applied, save the
crop.

Insects Beneficial to Agriculture.

In a great variety of ways certain insects are helpful to

man, and are especially efficacious either in ensuring his

crops or in destroying those insects which would otherwise

devour them.

Fertilizers of Fruit-trees.—A very important part in the

production of abundant crops of fruit is played by bees and

other honey- or nectar-gatherers, and pollen-feeding insects.

It is now generally acknowledged that l)oes. es])ecially the

honey-bee, act as '* marriage-i)riests" in the fertilization of

flowers, conveying pollen from flower to flower, and thus

ensuring the ''setting" of the fruit. Orchards in which
bee-liives are pljiced bear heavier crops than tlu)se not thus

favored. Bees are in Europe profitably introduced into

peach-houses in order to effect the iiollination of the flowers.

Many wasps, as w'ell as butterflies and moths, species of

pollen-eating beetles, Thrips, and other insects, by unc(m-

sciously bearing pollen from distant flowers, jirevent too

close in-and-in breeding. Indeed, as Goethe said, flowers

and insects were made for each otlier. * Many plants would

* " For it is not too much to sjiy that if, on the one hand, flowers

nro in many eases nccessjiry to the existence of insects; insects, on
the other hand, are still nuire indispensable to the very existence of
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not bear seeds did not insects fertilize tliem. Insects are

in the first place attracted to flowers by their sweet scent

and bright colors, and it is claimed that the lines and

circles on the corolla of certain flowers guide them to the

nectary; though we do not see why the scent is not in the

main sufficient for this purpose. According to Sir John

Lubbock, "The visits of insects are of great importance to

plants in transferring the pollen from the stamens to the

pistil. In many plants the stamens and pistil are situated

in separate flowers: and even in those cases where they are

contained in the same flower, self-fertilization is often ren-

dered difficult or impossible; sometimes by the relative

position of the stamens and pistil, sometimes by their not

coming to maturity at the same time. Under these cir-

cumstances the transference of the pollen from the stamens

to the pistil is effected in various w^ays. In some species

the pollen is carried by the action of the wind; in some few

cases, by birds; but in the majority, this important object

is secured by the visits of insects, and the whole organiza-

tion of such flowers is adapted to this purpose." (1. c. 2.)

Hermann Midler believed that the peculiarities w^hich dis-

tinguish bees and most Lepidoptera, i.e., their mouth-parts

and, in the case of bees, their legs, have been gradually pro-

duced in past ages by their visits to flowers.

Insects also are useful as pruners, checking the too-rapid

growth of leaves and shoots, the result being the formation

of a greater amount of seeds or fruit. Unfortunately this

process in most cases exceeds healthy limits, and the plant,

being almost wholly defoliated, is w^eakened or killed.

Parasitic Insects {Ichneumons and Tachinm).—While

insectivorous birds accomplish much towards reducing the

flowers: —that, if insects have been in many cases modified and
adapted with a view to obtain honey and pollen from tlowers,

flowers in their turn owe their scent and color, their honey, and even

their distinctive forms, to the action of insects. There has thus been

an interaction of insects upon flowers, and of flowers upon insects,

resulting in the gradual modification of both." (Lubbock's " British

Wild Flowers considered in relation to Insects.")
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mini1)i'r8 of injurious insects?, they often as likely as iKjt eat

till' l)enefieiahis well as the destruetive kinds. Without doulit

tlieleatlinjrfaitiu-in preventin<f the undue inerease of noxi«Jus

insects are the parasitie kinds belon_r;in*j to tlie livmenop-

terons families Ielineunu»nid;e, IJraeonida', C'haleididie and
Prototru}ii(Uv. and the dipterous family Taehinid;e.

An iclmoumon-fly lays its eggs eitlier on tlie outside of

the caterpillar or bores under its skin, inserting an e^g
within the body. Mr. Poulton lias carefully watched a

Paniseus ovii)ositing on a caterpillar. It laid fourteen

^-%g^, tirmly attaching them to its skin, most of them in

the sutures between the segments, and on the sides of the

body. An excess of eggs are laid, since some do not

develop: for if all gave out larva?, none could arrive at

maturity within the body of the future host. The ichneu-

mon lays a smaller numlier of eggs on small caterpillars

than on large ones, and yet in all cases lays more than can

develop.

The larva of the ichneumon upon hatching works its way
into the interior of its host. Here it does not injure the

muscles, nerves, or the vitid parts of the cater i)i liar, but

apparently simply lies motionless in the body-cavity, absorb-

ing the blood of its host.

^lany ichneumons are polyphagous, i.e., live on insects

of widely different species belonging to different orders;

others confine their attacks to a single species. Certain

chalcids are secondary parasites, living in the hwx-x of those

parasitic in caterpillars, etc. Most ichneumons have but a

single generation; a few are double-brooded. In (iermany
Pnt/A'burg observed a brood of Micrognsfer oJo/xifn.^oixrW in

^lay, and another early in August. Though there may be

two broods of the hosts, there is as a rule but a single brood

of ichneumons. Ratzeburg indeed found that certain ich-

neumons parasitic on s;iw-fly larv* imitated the habit of the

latter of living more than a year, i.e.. they did not develop

until the greater number of saw-flies had issued from the

belated cocoons. On the other hand, Pteromahts pujyantm



220 ENTOMOLOGY.

•undergoes in Europe an exti'uordinarily rapid growth; it

stings early in June the chrysalids of Vanessa jiolydiloros,

and by the middle of July the adults appear. Teleas ovu-

lorum requires only from four to six weeks to develop; it,

however, flies somewhat later, so as to find the young silk

caterpillars on which to lay its eggs.

Ichneumons rarely develop within adult insects, but cer-

tain Braconids infest Coccinellas. The small Chalcids

(Pteromali) mostly inhabit the tender pupae of bark-boring

beetles and leaf-rollers. Among the smaller ichneumons

several females usually inliabit a single host, while from GOO

to 700 individuals of Fteromalns pajjarum may inhabit a

single chrysalid.

Most, ichneumons develop within their hosts, but many
species of Chalcids live on the outside and suck the blood

of their victims. Certain ichneumon larvae living within

their host undergo the most remarkable change as respects

their mouth-parts. In the larva of Microgaster globatus

(according to Judeich and Nitsche) there are in the early

stages only the wart-like rudimentary sucking mouth-parts,

but after the last moult they acquire ordinary biting mandi-

bles, with which they can gnaw through the skin of their

host.

The young of the Tachina-flies are true footless maggots,

and take their liquid food by suction through the mouth,

the mouth-parts being very rudimentary. Tachina (Seno-

metopia) militaris has been observed by Riley to lay from

one to six eggs on the skin of the army-worm, " fastening

them by an insoluble cement on the upper surface of the

two or three first rings of the body. " The young maggots

on hatching penetrate Avithin the body of the caterpillar,

and, lying among the internal organs, absorb the blood of

their unwilling host, causing it to finally weaken and die.

Usually but a single maggot lives in its host. Many grass-

hoppers as well as cateri)illars are destroyed by them.

Insectivorous Insects.—There are very many carnivorous

kinds which devour insects entire. Such are the ground-
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beetles, Wiiter-beetlcs, the larva* of TiMiehriuiiids and of

lady-l)e(!ll('s (Coccinella), and those of tlu; lacf-wiiiged Hies

(Chi ysoiia) which })rey on Aiihides, thon«,di the ina^'<,'ots of

the Syrphus flies are more abundant and eftieaeious ai<

Aphis-dcstroyt'rs.

Preventive and Direct Remedies Against the Attacks
OF Insects.

In ai)i)lying any reniedies against noxious insects, it is of

prime importance to become thoroughly acquainted with the

habits aiul transformations of the pests with which we have

to conteiul. It should be borne in mind that insects during

their transformations lead dilTcrent lives, and that practi-

cally a caterpillar is a different animal from the chrys;xlis or

the butterfly, with entirely different habits and surround-

ings; and so on throughout the other orders of insects.

Under the head of general or preventive remedies may be

enumerated :

High culturi', with the use of plenty of manures and

fertilizers.

Kotation of crops, and early or late sowing.

Ixuising cro])s to hist for two years, such as peas ami

beans, to guard against weevils.

The breeding of insect-parasites.

Bu'"ning grass and stubble for certain insects injuring

field-crojvs.

Removal of dead trees or stumi)s near orchards or in

fon^sts.

Among direct remedies, besides hand-picking, is the use

of tlu' following insecticides:

Paris grei'U and London purple.

Kerosene emulsions.

Pyrethrum or Persian insect-powder.

Bisulphide of carbon for the grape-root Phylloxera.

Carbolic-acid soap: whale-oil soap.

Ammonia or chloroform for insect-bites.
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S^^lphllr for mites; borax for cockroaches.

Ointments and carbolic soap for lice.

Salt, hot water, ashes, dust, soot.

Various devices and machines for applying powders or

liquid preparations.

Paris Green and London Purple.—These arsenical preparations may-

be used dry when mixed with cheap tiour in the proportion of 1 to

25 parts, or wet mixed in the proportion of i to 1 pound of the pow-

der with 40 gallons of water. The London purple is the weaker of

the two powders; but is often preferred to Paris green from its

cheapness, and because it is more easily diffused, and can be seen

more distinctly on the leaves, though its effects may not be observed

until two or three days after being applied.

Petroleum Emulsions.—Dilute 1 quart of kerosene oil and 12 fluid

ounces of condensed milk with 36 ounces of water. This is emulsi-

onized by violent churning, p._d before being used may be diluted

from 12 to 20 times with wa*''". Equal parts of kerosene and con-

densed milk may also be thou ghly mixed or churned together, and

then diluted ad libitum with water.

Pyrethrum or Persian Insect-powder.—This powder is deadly to most

insects, but harmless to plants and human beings, cattle, or horses.

It may be applied (1) as a dry powder; (2) as a fume, being thrown on

the stove or on a red-hot sliovel or piece of sheet-iron; (3) as an

alcoholic extract, diluted; (4) by simply stirring the powder in water;

and (5) as a tea or decoction. As a powder it may be mixed with

from 10 to 20 times its bulk of wood-ashes or flour, but before use

should remain for twenty-four hours with the diluent in an air tight

vessel. (Kiley.) One experimenter dilutes the dry powder with only

four or tlve times its bulk of tiour in applying to cabbages to kill

cabbage-worms
Spraying-machines.—Numerous inventions for applying these

preparations on an extensive scale are described in tlie reports and
bulletins of the Entomologist of the Department of Agriculture at

Washington; among the most elUcacious being spray nozzles* of

different kinds, being modifications of the old-fashioned sprinklers

* The eddy or cyclone nozzle consists of a small circular chamber
with two flat sides, one of them screwed on so as to be readily re-

moved. Its principal feature consists in the inlet through which the

liquid is forced, being bored langentially through its wall, so as to

cause a rapid whirling or centrifugal motion of the liquid, which

issues in a funnel-shaped spray through a central outlet in the adjust-

able cap. The breadth or height, lineness or coarseness of the spray

depends on certain details in the proportions of the parts, and

especially of the central outlet. The nozzle was invented bj^ Dr.

W. S. Barnard. In applying the fluid to trees, an ordinary barrel is

used as a reservoir, in which is inserted a force-pump with automatic

stirrer. A long rubber hose extends from the pump, and is attached

to the spraying apparatus. (Kiley.)
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and sifters; niacliiiit's for blowing dry jxiisons, stjuirters of fluid

poisons and oniulsions, tlie best of wliieh are fouiituiii-jiuinps For
sprayiiiLT i)r(liaril>, iriovi-s, ami foicst-treis, force- tir fountain |>unips

with a lonir liosc, the iiid of wliitli passes llir<iu;;li a bamboo pole
endiiiL"^ in a (v<!<ir!c or eddy-ehauiber noz/le, are very eilieient.

Bemedies against Bots.
—

'i'liose of catlle may be pressed willi the
thiiml) out of tlie tiinioi-s on the ba( k after sliirlitly enlaririiiLT the
abscess willi a knife or scalpel; otherwise, if the hot is burst within
the tumor, inllaiumation will result.

Sheep liois may be removed from the nostrils before they have
jtenetraled f.ir by insertinir a feather anointed with oil of turpentine,

and ijjently movinir it about. Dilute cnrbolic acid injected with a
syrin;re is also beiielicial. As a preventive, anointini,' the nose with
coal-tar has been recommended, and salt-Irou.Ldis are smearid with
this .substance to accomplisii this anointin<r more easily.

As a preventive airainst lior.se-bots, frecpient curryinirand clipping
the hair removes the eggs. This need be done only during the time
when the Hies are about. (Hiliy.)

Miscellaneous Remedies —The clothes-moth is exterminated from
furniture by soaking chairs, sofas, etc., in tanks of keroseiu- ami then
recovering them; cariu-l moths and beetles are very «lilhcull to over-

come; but they may i»e kept uiuler to a great extent by iroidng the
edges, ajiplying Persian insect-powder in closely shut rooms, or
saturating the edges next to the wall with ben/ine, care lieing taken
not to .set the room on lire. A room or bedstead may, by the u-'jc of
kerosene or of corrosive sublimate, be disinfe( led of bedbugs.

Mitesare generally destroyed by sidphur; the itch-mite by .sulpiuir-

ointmeiit; lice «>n animals by carbolic soap or kin-sene-oil emulsions,
or any oil or grease; lice on chickens may be dimiiushed by white-
washing the coop, fumigating it with sulphur or wa.shing. with
kerosene; cockroaches succumb to ecjual parts of innvdered bonix
and sugar i)laied in their way. The bites of mosiiuitoes. stings of
bugs, bees, etc., may be treated locally with ammonia or ehlorofc)rm,
bee-stings with wet mud applied to the wound; while the bites of
centi])edes and the stings of scorpions nuiy be treatetl with dillusible

stimulants, such as ammonia taken in repeated doses internally, be-

sides bran<ly or whiskey, to support the .system until the patient
recovers from the shock.

\ /

Chrysophanus thoe, right siile as seen beneath.



CHAPTER VI.

DIRECTIONS FOR COLLECTING, PRESERVING, AND
REARING INSECTS.

Where to Look for Insects.—In collecting, whenever the

two sexes are found united they should be pinned upon the

same pin, the male being placed above. When we take

one sex alone, we may feel sure that the other is somewhere
in the vicinity; perhaps while one is flying aboUt so as to

be easily captured, the other is hidden under some leaf, or

resting on the trunk of some tree near by, Avhich must be

examined and every bush in the vicinity vigorously beaten

by the net. Many species rare in most places have a

metropolis where they occur in great abundance. During
seasons when his favorites are especially abundant the

collector should lay up a store against yeai's of scarcity.

At no time of the year need the entomologist rest from

his labors. In the winter, under the bark of trees and in

moss he can find many species, or detect their eggs on trees,

etc., which he can mark for observation in the spring when
they hatch out.

He need not relax his endeavors day or night. Mothing
is night employment. Skunks and toads entomologize at

night. Early in the morning, at sunrise, when tbe dew is

still on the leaves, insects are sluggish and easily taken

with the hand; species fly then that hide themselves by day,

while at night many caterpillars leave their retreats to come
out and feed, when the lantern can be used with success in

searching for them.

Wollaston (Entomologist's Annual, 1865) states that

sandy districts^ especially towards the coast, are at all times

preferable to clayey ones, but the intermediate soils, such

as the loamy soil of swamjis and marshes, are more produc-

tive. Near the sea, insects occur most abundantly beneath
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pebbk'S and other objects in (i^rassy sjiots, or else at the roottj

of plants. In many places, especially in alpine tracts, as

we have found on the summit of Mt. \Vashin<rton and in

Jjabrador, one has to lie down and look carefully among the

short herbage and in the moss for Coleoptera.

Tlie most advantageous jjlaces for collecting are gardens

and farms, the borde-rs of woods, and the banks of streams

and ponds. The deep, dense forests, and open, treeless

tracts are less prolific in insect life. In winter and early

spring the moss on the trunks of trees, when carefully

shaken over a newspaper or white cloth, reveals many
beetles and Ilymenoptera, In the late summer and

autumn, toadstools and various fungi and rotten fruits at-

tract many insects; and in early spring, when the sap is

running, we have taken rare insects from the stumps of

freshly cut hard-wood trees. Wollaston says: *' Dead ani-

mals, partially dried bones, as well as the skins of moles

and other vermiji which are ordinarily hung uj) in fields,

are magnificent traps for Coleoptera; and if any of these

be placed around orchards and inclosures near at home, and

be examined every morning, various species of yifidNJ(P,

Sil/>hi(i(P, and other insects of similar habits, are certain to

be enticed and cajjtured.

•* Planks and i'hip])ings of wood may be likewise i-niployed

as successful agents in alluring a vast inuuber of species

which might otherwise escape our notice; and if these be

laid down in grassy places, and carefully inverted every now
and then with as little violence as ])ossible. many insects

will be found adhering beneath them, especially after dewy

nights and in showery weather. Nor must we omit to urge

the importance of examining the under sides of stones in

the vicinity of atits' nests, in which position, during the

spring and summer months, many of the rarest of our native

Coleoptera may be occasionally procured." Kxcrementi-

tious matter always contains many interesting forms in

various stages of growth.

The trunks of fallen and dccaving trees offer a rich
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harvest for many wood-boring larvas, especially the Longi-

corn beetles; and weevils can be found in the spring, in all

stages. Numerous carnivorous coleopterous and dipterous

larvse dwell within them, and other larvae which eat the

dust made by the borers. The inside of pithy plants like

the elder, raspberry, blackberry, and syringa, is inhabited

by many of the wild bees, Osmia, Ceratina, and the wood-

wasps, Crabro, Stigmus, etc., the habits of which, with

those of their Chalcid and Ichneumon parasites, offer end-

less amusement and material for study.

Ponds and streams shelter a vast throng of insects, and

should be diligently dredged with the water-net, and stones

and pebbles should be overturned for aquatic beetles, He-
miptera, and Dipterous larvte.

Tlie various sorts of galls should be collected in spring

and autumn and placed in vials or boxes, where their in-

habitants may be reared, and the

rafters of out-houses, stone-walls, etc.,

should be carefully searched for the

nests of mud-wasps.
Collecting Apparatus.—First in im-

portance is the net (Fig. 2G4). This

is made by attaching a ring of brass

wire to a handle made to slide on a

pole six feet long. The net may be a

foot in diameter, and the bag itself

Fig. ^64.—Collecting-net. made of musliu or mosquito-netting

(the finer, lighter, and more durable the better), and should

be about twenty inches deep. It should be sewed to a nar-

row border of cloth phiced around the wire. A light net

like this can be rapidly turned upon the insect with one

hand. The insect is captured by a dexterous twist which

also throws the bottom over the mouth of the net.

The insect should be temporarily held between the thumb
and forefinger of the hand at liberty, and then pinned

through the thorax while in the net. The net we use has

a folding frame of stout brass wire, one side soldered to a
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stout brass lube, tbe other lield in place by a screw in the

end of the tube; it is simple and useful in travellin<r. The
pin can be drawn through the meshes upon o])ening the

net. The beat in'j- net should be made much stouter, with

a shallower cloth bag and attached to a shorter stick.* It

is used for beating trees, bushes, and herbage for beetles

and Ileniiptera and various larvae. Its thorough use we
would rcconiniend in the low vegeta-

tion on mountains and in meadows.

The water-net may be either rouii '

. : ,

or of the shape indicated in Fig. 2(.'>0. ^

The ring should be made of brass,

and the shallow net of grass-cloth or Fio. ;i6o.-\Vui,ri uci.

coarse niillinet. It is used for collecting aquatic insects.

Mr. Schmelter recommends for collecting small water-

beetles, etc., a net made of ordinary muslin, with a bottom

of the finest brass wire-cloth, the meshes of which do not

exceed A mm. ; the water will readily pass through this net,

while the smallest insects will be retained. Ilerr Isen-

schmidt suggests in '* Entomologische Nachrichteu"a net

constructed entirely of woven wire, but this would be

clumsy to carry about, and tSchmelter's net is preferable.

Various sorts oi forceps are indispensable for handling

insects. Small, delicate, narrow-bladed forceps, with fine

sharp points, such as are used by jewellers, and niade either

of steel or brass, are excellent for handling minute speci-

mens. For larger ones, long, curved force])s are very con-

viMiient. For pinning insects into boxes the forceps

* Sclunellor uses one made of a strong wire ring of from one to one
and a half ftt't in dianx'ter, with a bag of nmsliu attachiHi of at least

the saint' di'pth, tirmly fixed to the cud of a stiek alM)ut two to three

feet long. In another form which is much used " the ring co!i>i-ls of
dilTcrcnt parts, two or three, which are conneeteil by means of ji)iut.s,

and the ring can be folded when not in use. Ijv lut ans of a screw
tlic ends of this rin<: are firmly ti.xcd into a tulx'. wiiiili apiin fits

tightly on the iiid of an ordinary walking cane. In any lishing tackle

store, rings of this or of a similar construction are for s:de." (Bull.

Brooklyn Em. Soc., i. 26.) I>r. Bailey describes and figures a net
with a folding frame iu Can. Eut.. x. G"J.
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should be stout, the blades blunt and curved at the end

so that the insects can be pinned without slanting the

forceps much. The ends need to be broad and finely in-

dented by lines so as to hold the pin firmly. With a

little practice the forceps soon take the place of the fingers.

Some persons use the ordinary form of j)liers with curved

handles, but they should be long and slender. A spring

set in to separate the handles when not grasjjed by the hand

is a great convenience.

Various pill-boxes, vials, and bottles must always be

taken, some containing alcohol or whiskey. Many col-

lectors use a wide-mouthed bottle, containing a sponge

saturated with ether, chloroform, or benzine, or bruised

laurel-leaves, the latter being pounded with a hammer and

then cut with scissors into small j)ieces, which give out ex-

halations of prussic acid strong enough to kill most small

insects.

Besides these the collector needs a small box lined with

corn-pith or cork, and small enough to slip into the coat-

pocket; or a larger box carried by a strap. Most moths

and small flies can be pinned alive without being pinched

(which injures their shape and rubs otf the scales and hairs),

and then killed by pouring a little benzine into the bottom

of the box.

Killing Insects for the Cabinet.—Care in killing afPects

very sensibly the looks of the cabinet. If hastily killed and

distorted by being pinched, with the scales rubbed off and

otherwise mangled, the value of such a specimen is dimin-

ished either for study or the neat appearance of the col-

lection.

Besides the vapor of ether, chloroform, and benzine, the

fumes of sulphur readily kill insects. Large specimens

may be killed by inserting a ^m dipped in a strong solu-

tion of oxalic acid. An excellent collecting-bottle is made

by putting into a wide-moutlied bottle two or three small

pieces of cyanide of potassium, which may be covered with

cotton, about half-filling the bottle. The cotton may be
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covered with paper lightly attaelied to the glass and pierced

with pin-li( lU's; this keeps the insects from being lost in the

bottle. This is excellent for small tiies and moths, as the

mouth of the bottle can be placed over the insect wliile at

rest; tlie insect flies up into the bottle and is immediately

suifocated. A bottle well prepared will, according to

Labonlbene, last several months, even a year, and is vjistly

superior to the old means of using ether or chloroform. Ife

states: *'The inconvenience of taking small insects from a

net is well known, as the most valuable ones usually

escape; but by placing the end of the net, filled with in-

sects, in a wide-mouthed bottle, and putting in the cork

for a few minutes, they will be suffocated." For Dip-

tera, Loew recommends moistening the bottom of the

collecting box \vith creosote. Mr. J. A. Jackson recom-

mends the use of a glass fruit-jar, one in wliith the cover

screws down upon a rubber cushion or packing. Put a

bunch of cotton in the bottom, retaining it in its place by

pressing down upon it a circular piece of i):isteboard, made
to fit tightly in the jar, except that two or tliree notches

should be left in the edge for the chloroform to run through

to the cotton. The bottle is now reaily ft»r use; an insect

dropped into it will die almost instantly. (Can. Ent. xix.

110.) A morjdiine bottle prepared in the same way will do

for micros. Ether may be used in the same way, as we are

accustomed to do, but chloroform is generally jireferred.

Prof. E. W. C'laypole (Canadian Entomologist, xix. 13(j)

kills Lepidoptera, etc., with benzine or gasoline, the latter

only costing fourteen cents a gallon. With most motlis it

causes instant death, and can be poured on the bodies of

large silk-worm moths, such as Cecropia. without injuring

the scales or hairs. He carries it in an ounce phial having

a cork through which passes a linely-pointed glass tube, the

outer end of which is capped with a small India-rubber

capsule; the whole may be bought at a drug-store for a few

cents, under the name of a dropping-tube. Thus the tube

is always full of liquid ready to be squirted out on an in-
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sect in the net, or even at rest in the open air, and the

specimen is at once ready to be j)inned and spread. A
chloroform bottle with a brush securely inserted in the

cork is often convenient for small moths.

Pinning Insects.—The pin should be inserted through

the thorax of most insects The Coleoptera, tiowever,

should be pinned through the right wing-cover (Fig. 266);

many Hemiptera are best pinned through the scutellum.

The specimens should all be pinned at an equal height, so

that about one-fourth of the jiin should project above the in-

sect.

The best pins are those made in Germany, and are adver-

tised for sale in American entomological journals. For

very minute insects very small pins are made. They may
be used to impale minute insects upon,

and then stuck through a bit of cork, or

j)ith, through which a large, long pin may
be thrust. Then the specimen is kept out

of the reach of devouring insects. Still

smaller pins are made by cutting off bits

of very line silvered wire of the right

length, which may be thrust by the for-

phininga beetle! ccps into a piccc of pith, after the insects

have been impaled upon them.

Small insects, especially beetles, may be mounted on

cards or pieces of mica through which the pin may be

thrust. The French use small oblong bits of mica, with

the posterior half covered with green paper on which the

number may be placed. The insects may be gummed on

the clear part, the two sexes together. The under side

can be seen through the thin mica.

Others prefer triangular pieces of card, across the end of

which the insect may be gummed, so that nearly the whole

under side is visible.

Mr. Wollaston advocates gumming small Coleoptera upon
cards. Instead of cutting the pieces of card first, he gums
them promiscuously upon a sheet of card-board. *' Having
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gummed tliiekly a space on your card-board equal to, at

k'ast, the entire specimen when expauvled, phice the beetle

upon it, draji^ out the* limbs with a pin, and. leavinj; it to dry,

<fo on with the next one that presents itself. As the card

has to be cut afterwards tiroioul your insect (so jis to suit

it), there is no advanta<je in gumming it precisely shuiif/lit

njnm your friinw,—though it is true that a certain amount

of care in this respect lessens your after-labor of cutting olf

very materially. When your frame has been filled, and you

are desirous of separating the species, cut out the insects

with finely-pointed scissors."

For mending broken insects, i.e., gumming on legs and

antennte which have fallen off, inspissated ox-gall, softened

"with a little water, is the best gum.
For gumming insects upon cards, itr. Wollaston recom-

mends a gum '* comi)osed of three parts of tragacanth to

one of Arabic, both in powder; to be mixed in water con-

taining a grain of corrosive sublinuite, without which it

will not keep, until of a consistency just thick enough to

run. As the gum is (»f an extremely absorbent luiture,

nearly a fortnight is required l)ef<»re it can be properly

made. The best plan is to keep adding a little water, and
stirring it every few days, until it is of the i)roper con-

sistency. It is advisable to dissolve the grain of corrosive

sublimate in the water which is poured y/r.</ upon the gum.
Preservative Fluids.—The best for common use is alco-

hol, at first diluted with as much water; or weak whiskev,

as alcohol of full strength is too strong for caterj)illars,

eti'., since it shrivels them up. The spirits shonM after-

wards be changed for alcohol of full strength for permanent

preservation. tilycerine is excellent for preserving the

colors of caterpillars, though the internal ])arts decay some-

what, and the specimen is apt to fall to pieces on being

roughly handled.

Laboulbene recommends, for the preservation of insects

ill a fresh state, ]ilunging them in a preservative fluid con-

sisting of alcohol with an excess of arsenic acid in frajr-
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ments, or the common white arsenic of commerce. A pint

and a half of alcohol will take about fourteen grains (troy)

of arsenic. The living insect, put into this preparation,

absorbs about ^^^^ of its own weight. When soaked in

this liquor and dried, it will be safe from the ravages of

moths, Anthrenus or Dermestes. This liquid will not

change the colors of blue, green, or red beetles if dried after

soaking from twelve to twenty-four hours. Hemiptera and
Orthoptera can be treated in the same way.

A stay of a month in this arseniated alcohol mineralizes

the insect, so that it appears very hard, and, after drying,

becomes glazed with a white deposit which can, however,

be washed off with alcohol. In this state the speci-

mens become too hard for dissection and study, but

will do for cabinet specimens designed for permanent
exhibition.

Another preparation recommended by Laboulbene is

alcohol containing a variable quantity of corrosive subli-

mate, but the latter lias to be weighed, as the alcohol evap-

orates easily, the liquor becoming stronger as it gets older.

The strongest solution is one part of corrosive sublimate to

one hundred of alcohol ; the weakest and best is one-tenth of

a part of corrosive sublimate to one hundred parts of alco-

hol. Insects need not remain in this solution more than
two hours before drying, lioth of these preparations are

very poisonous and should be handled with care. The last-

named solution preserves specimens from mould, which will

attack pinned insects during damp summers.

A very strong brine will preserve insects until a better

liquor can be procured. Professor A. E. Verrill recom-

mends two simple and cheap solutions for j)reserving,

among other specimens, the larvae of insects " with their

natural color and form remarkably perfect." The first

consists of two and a half pounds of common salt and four

ounces of nitre dissolved in a gallon of water and filtered.

Specimens should be prepared for permanent preservation

in this solution by being previously immersed in a solution
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consisting of a qujirt of the first solution and two ounces of

arseniate of pota.sli and a gallon of water.

M. II. Trois * gives the following formula for preserving

caterj)iIlan-<.

C'nnnnoii salt gr. 235

Alum gr. 55

Corrosive sublimate, .... centigr. 18

Boiling water, litres 5

When the liquid is cold add 50 grains of carbolic acid.

Let the liquid stand tive or six days, and then filter. It is

claimed that by means of this fluid the colors of cater-

pillars can be preserved perfectly, even when exposed to a

strong light.

The nests, cocoons, and chrysalides of insects may be

preserved from injury from other insects by being soaked

in the arseniated alcohol, or dipped into benzine, or a solu-

tion of carbolic acid or creosote.

Dr. J. L. LeConte has published in the '* American

^Naturalist." iii. p. 307. some new directions for the pres-

ervation of insects which will apply to beetles as well as other

insects. '• Surgical art has given to us an instrument by

which a poisonous liquid can be rapidly and most effectively

applied to the entire surface of large numbers of specimens

as they stand in the cabinet boxes, without the trouble of

moving them. I refer to the 'atomizer.'
•• 0]>inions may vary as to the nature of the liquid poi-

son to be used, but after several trials I have found the

following formula to be quite satisfactory: it jiroduces no

efflerescence, even on the most highly j)olished s]>ecies,

while the odor is quite strong, and persistent enough to

destroy any larva^ or eggs that may be already in the box :

—

saturated alcoholic solution of arsenious acid, eight fluid

ounces: strychnine, twelve grains: crystallized carbolic

acid, one drachm: minenil naphtha (or heavy benzine) and

* A litre is 33 81 fluid ounces, or a little less than :in EnglL<*h quart;

a cramme is 15.432 grains.
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strong alcohol, enough to make one quart. I have not

stated the quantity of naphtha, since there are some vari-

eties of light petroleum in commerce which dissolve in alco-

hol only to a slight extent. These should not be used.

The heavier oils which mix indefinitely with alcohol are the

proper ones, and for the two pints of mixture ten to twelve

fluid ounces of the naphtha will be sufficient. Care should

be taken to test the naphtha on a piece of paper. If it

leaves a greasy stain which does not disappear after a few

hours, it is not suitable for this purpose.

*'The best form of atomizer is the long, plated, reversi-

ble tube; it should be worked with a gum-elastic pipe hav-

ing two bulbs, to secure uniformity in the current. The
atomizing glass tubes and the bottle, which usually accom-

pany the apparatus, are unnecessary; a common narrow-

necked two-ounce bottle will serve perfectly to hold the

fluid."

Preparing Insects for the Cabinet.—Dried insects may be

moistened by laying them for twelve or twenty-four hours

in a box containing a layer of wet sand, covered with one

thickness of soft paper. Their wings can then be easily

spread. Setting-boards for spreading the wings of insects

may be made by sawing deep grooves in a thick board, and

placing a strip of pith or cork at the bottom. The groove

may be deep enough to allow a quarter of the length of the

pin to project above the insect. The setting-board usually

consists of thin parallel strips of board, leaving a groove

between them wide enougli to receive the body of the in-

sect, at the bottom of which a strip of cork or pith should

be glued. The ends of the strips should be nailed on to a

stouter strip of wood, raising the surface of the setting-

board an inch and a half, so that the pins can stick through

without touching. Several setting-boards can be made to

form shelves in a frame covered with wire gauze, so that

the specimens may be preserved from dust and destructive

insects, while the air may at the same time have constant

access to them. The surface of the board should incline
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a little towards the groove for the reception of the insect,

as the wings often gather a little nioistnre, relax and fall

down after the insect is dried. '* For the proper setting of

insects with broad and flattened wings, such as butterflies

and moths, a spreading board or stretcher is necessjirv.

One that is simjde and answers every purpose is shown at

Fig. 2<17, It may be made of two pieces of thin white-wood

or jiine board, fastened to-

gether by braces, especially

at the ends, and left wide

enough apart to admit the

bodies of the insects to be

spread: strips of cork or

pith, in wliich to fasten the

pins, may then be tacked

or glued below so as to cover

the intervening space. The
braces must be deep enough

to })revent the pins from touching anything on which the

stretcher may be laid; and, by attaching a ring or loop to

one of them, the stretcher may be hung against a wall, out

of the way. For ordinary-sized specimens I use boards 2

feet long, 3 inches wide, and \ inch thick, with three braces

(one in the middle and one at each end) H inches deep at

the ends, but narrowing from each end to 1^ inches at the

middle. This slight rising from the middle is to counter-

act the tendency of the wings, however well dried, to drop

a little after the insect is placed in the cabinet. Tiie wings

are held in positi(»n by means of stri])S of j^ajier (Fig. '^'(57)

until dry." (Hiley.) Others use strips of stifT. smooth

cloth.

Moths of medium size should remain two or three days

on the setting-board, while the larger thick-bodied spiiinges

and Bombycida* require a week to dry. The wings can be

arranged by means of a needle stuck into a handle of

wood. They should be set horizontally, and the front

margin of the fore winjrs drawn a little forward of a
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line perpendicular to the body, so as to free the inner

margin of the hind wings from tlie body, that their form

may be distinctly seen.

When thus arranged, they

can be confined by fine

threads drawn over the

wings, by pieces of card

pinned to the board as

indicated in Fig. 268, or,

as we prefer, by square

FIG. 268.-Mode of setting with card-braces FGCeS of gkss laid Upon
the wings of a butterfly or moth. them.

After the insects have been thoroughly dried they should

not be placed in the cabinet until after having been in

quarantine to see that no eggs of Dermestes or Anthrenus,

etc., have been dej)osited on them.

For preserving dried insects in the cabinet Laboulbene

recommends placing a rare insect (if a beetle or any other

hard insect) in water for an hour until the tissues are soft-

ened. If soiled, an insect can be cleansed under water with

a fine hair-pencil, then submit it to a bath of arseniated

alcohol with corrosive sublimate. If the insect becomes

prune-colored, it should be washed in pure alcohol several

¥\a. id^.—Ptinus fur. a larva.

times. This method will do for the rarest insects; the

more common ones can be softened on wet sand, and then

the immersion in the arseniated alcohol suffices. After an
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inuiiersion of from u quarter of an hour U> an hour, accord-

iii<j to the size of tlie insect, tlie pin is not alTected by the

corrosive sublimate, but it is better to un])in the insect

previous to immersion, and tl)en j)in it when ahnost dry.

For (leanintr insects etiier orljenzine is excellent, aj>])iied

with a hair-pencil; though care shouhl be taken in using

these substances, which are very intlammable.

After the specimens are phiccd in the cal)inct, they

shouhl be further protected from destructive insects by
placing in the drawers or boxes pieces of camiihor wrapped
in paper perforated by pin-holes, or bottles containing

sponges saturated with benzine or oil of sassafras. 'J'he

collection should be carefully examined every month; the

jiresence of insects can be detected by the dust beneath

them. Where a collection is mnch infested witli destruc-

tive insects,* benzine should be })oured into the bottom of

the box or tlrawcr, when the fumes ami contact of the ben-

zine with their bodies will kill them. The specimens them-
selves should not be soaked in the benzine if possible, as it

renders them brittle, f

* The common museum pests arv Anilirt'iuix rariKK, A. muMorum,
AtttiijfUHs jkUio, Trorimlfniiii tiirsulc. and JhriiiixUfi lurdnriiiK, hv-
siilrs Tiiitii ptl/ioiiilld, -McLTaloma, and Atro/Hi.s jnilmitoriiis ; in Cali-

fornia J'triiiuf/iitoimt ntriif/iit'ini lias proved dcstruetivc to colkclious.
Ptiinisfiir (Fij;. 2()9) is also liable to occur.

f We lind by pla(in<j a small jiiice of cyanide of j>olassinin in au
open short vial for iv forlniirlit in an insect drawer that it may be
thoroui;lily disinfeeted; for lurmanenl use naplillialine eoiies are
elTeilive. Naplillialine cones, while not killinir the larva-, repel
aduli anihreni, etc., and should be kept constaiUly in l>o.\es or
drawers. .Mr. S<liwar/. advoiates the use of " while carbon," which
is naplillialine sold in the form of small, sipiare rods, cosliiiir only 8
cents a pound wholeside. and whi«h is much purer than the napli-

thaline cones now in the market. When broken »ip into small
pieces, and wrapped in thin jtaper, it i-an be conveniently u.sed in in-

sect boxes or drawei-s. Mr. Akhurst uses a prepanil ion consist ine of
3 parts of creosote or crude carbolic acid and 1 part oil of pennyroyal,
applied to ihesejims, jrrooves. anded-rcs of boxts or diawers to keep
out nuiseum pists. ^Ir. ,1. B. Smith uiires the use of bisulphide of
carbon, which both serves to check the (Icvclopment of the eirgs and
to destroy the recently-hatched larva- of museum jHsts. itc finds
that the only chances of sjifety from infection ' consist in coustant
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Insect-cabinet.—For permanent exhibition, a cabinet of

shallow drawers, protected by doors, is most useful. A
drawer may be eighteen by twenty inches square, and two
inches deep in the clear, and provided with a tight glass

cover.

For a permanent cabinet, says Mr. S. H. Scudder,

nothing can excel the drawers made after the Deyrolle

model, now in use by the Boston Society of Natural History.
" I have tried them for six years, and find them entirely

pest-proof. They are made with a cover of glass set in a

frame which is grooved along the lower edge and thus fits

tightly into a narrow strip of zinc set edgewise into a cor-

responding groove in the drawer; the grooves beyond the

point of intersection of two sides are filled with a bit of

wood firmly glued in place; it is hardly necessary to say that

the sides of the drawer and the frame of the cover should

be made of hard wood; soft wood would not retain the zinc

Fig. 270.—Model of the Deyrolle insect-drawer, side view of front end, with the
cover raised. A bottom of drawer; C, cover of same, raised a little; /, front
piece, with moulding ()J)) and handle (/i) slued to bottom piece; sa, sash; si,

slit in cover, into which the zinc strip (^) fits; sV , slit in bottom, into which
it is fastened; <7, bevelled si'oove, to allow the finger to raise the cover; Hv,
hind view of one end of the bottom to show the insertion of the bottom (6);
Re, reverse of one corner of cover to show the grooves filled beyond their
junction. All the figures half size.

strip; the zinc should be perfectly straight, and the ends

well matched; if this be done, nothing can enter the box

examination, tight boxes, and a free use of chloroform or bisulphide
of carbon" (Proc. Ent. Soc. Washiugton, i. 115).
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"W'lu'U it is el(W('cl. A similar box with a woodi'ii rabbt-t is

used at i\\v Musi-uni of Comparative Zoolo<jy at Cambridge;

but it cannot possibly be so tight, and n'(jiiiri'.s hooks on

the sides to keep tiie cover down; it has the advantages of

greater cheaj)ness, as it ean be made of soft wood, but is at

the Slime time clumsier. My own drawers are made of

clierry sides, and have also a false front attached to them,

furnished with mouldings and handles so as to jiresent a not

inelegant a])pearanee; and, exclusive of the cork with wuich

they are lined, cost ^'i.GS each; they measure inside 18j

inches long, 14 inches wide, and IJ inches deep, not includ-

ing the cork lining."

In the drawers in use by the U. S. Entomologist at the

Department of Agriculture there are on the sides within,

deep grooves kept constantly filled with naphthaline.

For constant use, boxes made of thin, well-seasoned wood,*

with tight-iitting covers, are indispensjible. For Coleop-

tera, L)r. LeConte recommends that they be twelve by nine

inches (inside measurement). For the larger fjcpiiloptera

a little larger box is ])referabU'. Otliers prefer boxes made

in the form of books, which may be ]tut away like hooks on

the shelves of the cabinet, though tlie cover of the box is

apt to be in the way.

The boxes and drawers should bi' lined \\'\[\\ coi-k cut

into thin slips for soles; such slips come from the t'ork-

cuttcr about twelve by four inches square and an eighth of

an inch thick.

Otlu'r sut)stitutcs arc the })itli of various plants, especially

of corn; "pita" aiul indm wood; and " modonius felt *'
is

used, being cut to fit the bottom of the box.

LeConte recommends that, '* for the purpose of distinguish-

ing specimens from different regions, little disks of variously-

colored paper be used; they are easily made by a small

* Bass-wood, or that of the iiojilar, liilip-troc, or even niahosnuiy, is

better than pine, as the resin in the latter sends off exhalations which
eventually conibini" with the fat of the specimens eiicloscd in the bo3
and render thoni gR^isy {Psyche, i. G4).
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punch, and should be kept in wooden pill-boxes ready for

use; at the same time a key to the colors, showing the

regions embraced by each, should be made on the fly-leaf

of the catalogue of the collection." He also strongly rec-

ommends that the ''specimens should all be pinned at the

same height, since the ease of recognizing species allied in

characters is greatly increased by having them on the same

level."

He also states that "it is better, even when numbers with

reference to a catalogue are employed, that the name of

each species should be written on a label attached to the

first specimen. Thus the eye is familiarized with the

association of the species and its name, memory is aided,

and greater power given of identifying species when the

cabinet is not at hand." For indicating the sexes the astro-

nomical sign 3 (Mars) is used for the male, and ? (Venus)

for the female, and 9 for the worker.

For exhibiting alcoholic specimens of insects in different

stages, and preventing their remaining at the bottom of

bottles on the shelves. Prof. Moebius j^laces the specimens

in a glass tube filled with alcohol and having a stopper of

cotton-wool. He then puts the insects according to their

age, eggs or larvae lowest, in a stoppered upright bottle

filled with alcohol, in the middle of which is a cylindrical

glass which presses the glass tube against the side of the

upright vessel (Zool. Anzeiger, vi., 1883, 5'2-3).

Transportation of Insects.—While travelling, all hard-

bodied insects, comprising many Hymenoptera, the Coleop-

tera, Hemiptera, and many Neur()])tera, should be thrown,

with their larvae, etc., into bottles and vials filled with

strong alcohol, with rubber stoppers. When the bottle is

filled new liquor should be poured in, and the old may be

saved for collecting purposes; in this way the specimens

will not soften and can be preserved indefinitely, and the

colors do not, in most cases, change. LeConte states that

" if the bottles are in danger of being broken, the speci-

mens, after remaining for a day or two in alcohol, may be
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tiikeii out, piirtially ilrit'd by t'Xi)<»siiri' to tin.' air, but not so

as to be brittlr. and these i>aeked in layers in small b(»xes

between soft jiaper; the boxes should then be carefully

closed with tjuni-paiier or jiaste, so as toexelude all enemies.''

Lepidoptera and draj^fon-llies and other soft-lxidied in-

sects may be well {)ri'served by })lacing them in sijuare

pieces of i)aper folded into a triangular form with the edges

overlapiiing. Put up thus, multitudes am be packed away

iu tin boxes, and will bear transportation to any distance.

In tropical climates, chests lined with tin should be made to

contain the insect-boxes, which can thus be preserved

agjiinst the ravages of white ants, etc.

In sending live larviv by mail, they should l»e inclosed in

little tin boxes; and in sending dry specimens, the box should

be light and strong, and directions given at the ])Ost-oftice

to stamj) the box lightly. In sending boxes by exjiress, they

siiould bi' carefully packed in a larger box having an

iuters})ace of two inches, which can be tilled in tightly with

hay or crumi)led liits of j)a})er. Heetles can be wrapped in

pieces of S(»ft paper. Labels foi- alctiholic specimens siiould

consist of parchnu'ut, with the locality, date of capture, and

name of collector written in ink. A temporary label of firm

paper, with the locality, etc., writti-n with a ])encil, will

last for sevenU years.

Preservation of Larvae.—Alcoholic specimens of insects,

in all stages of growth, are very useful. Few collections

contain alcoholic specimens of the adult insect. This is

a mistake, ilany of the most important characters are

effaced during the drying process, and for jturjieses of

general study alcoholic specimens, even of bees, Lepidop-

tera, Diptera. and ilragon-flies, are very necessary.

Larva\ generally, may be well preserved in vials or bottles

of alcohol with rubber corks.* They should first be put

* Altlunisrh rul)lH'r stoppers arc more expensive than tlic l>est cork
stopper.*, tin V arc more ilurahlo, and pn.'vent ovaixmition va.»tly iH-ttcr:

in oorkin«r. nui an insirt-pin down bv tin.' cork, allow inn it to remain

iu for u while, thus allowing the air to escape and prcvcuting the
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into whiskey, and tlien into alcohol. If placed in the latter

first, they shrivel and become distorted. Mr. E. Burgess

preserves caterpillars with the colors unchanged, by im-

mersing them in boiling water thirty or forty seconds, and

then placing them in equal parts of alcohol and water. It is

well to collect larva? and pupa? indiscriminately, even if we
do not know their adult forms; we can approximate to them,

and in some cases tell very exactly what they must be.

Reaeing Aquatic Larvje.

Many insects pass their early stages in brooks or ponds.

They can be dredged with the water-net, and reared in pans

or jars of water in which a few water-cresses, mosses, or

other aquatic plants may be kept to oxydize the water and

keep it pure. In this way the larva? or nymphs of Perlidae,

may-flies, dragon-flies, caddis-flies, aquatic beetles, Diptera,

and moths may be reared with more or less success. By
collecting such larva? in March, April, and May, a good

many species may be brought to maturity within a few

weeks' time.

Any glass jar, or even a deep earthen pan, may suffice for

an aquarium, in place of more elaborate glass and iron struc-

tures.

Mr. Lugger has invented an aquarium which he finds

very convenient for rearing aquatic insects; it consists of a

tin box one foot square in front and about three inches

thick, with a glass front. Over this glass front slips a

round-oval picture-frame. If the inside is painted and

filled with water, the whole looks like a suspended picture

of rather unusual thickness. Several such aquaria can be

grouped together like so many pictures. If connected by

siphons carefully graded, a constant flow of water can be

obtained, which produces the necessary current and sup-

strong compression of the alcohol, which tends to force the cork out.

See Dr. Hagen on the use of rubber stoppers, Can. Ent., xviii. p. 1,

16
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plies till' lUTilcd amount of oxy<^L'ii. In sucli iMjuuria

aquatic larva^ and insects can be studied with p:reat con-

venience. Tlu" atldition of some water-plants ailds «,q-('utly

to the beauty of thc-st- aqnarial pictures. (I'roc. Knt. Soe.

Washington, i. :5r.)

Rearing Insects in General.

More attention has bfcii paid by entomologists to rearing

caterpillars tliau the young of any other orders of insects,

and the following remarks apply more jiartieularly to tliem,

but very much the s;ime methods may l)e pursued in rear-

ing the larva,' of Neuroptera, bri'tles, flies, and llymen-

optera. Suljterranean larva' have to l)e kept in moist earth,

acjuatie larva* must lu- reared in aquaria, and carnivorous

larva^ must be supjilictl with Ih-sh. Tiie larviv of butter-

flies are usually rare; those of moths occur more fnijurntly,

wliilo their imagos may be scarce. In some years many
larva', which are nsually rare, occur in abundance, and
should then l)e reared in numbers. In hunting for cater-

pillars, buslu's should be shaken and beaten over newspapers

or sheets, or an umbrella; herbage should be swept, and
trees examined carefully for leaf-rollers and miners. 'J'he

best specimens of nu)ths and butterflies are obtained ]>y

rearing them from the egg,* or from the larva or pupa. In

* bepidopten lay on the avoratro from 100 to TOO opirs: those of
buttcrtiirs slioiild he looked for on the lurhs, hushis, or trtH-s aUnit
which Ihcy Ily; those of sphiimcs on the flowers ajit to K" visiiwl by
them. The cirirs will Ik' found after |)atient search by lurninc up the
leaves of willows, a/aleas, and other jilants. As a rule a hutiertly or
moth follows a path or fenci' side when layini:; so uium lindini; the
first egjr or larva we more minutely examine ea<'h shnil), lor llu-v are
very apt to lay an eiL'.ir on each proiiuncnt one as they no alon<r. •• And
it is not dilliciilt to follow the path of the parent for (juite a distance;
and so the tindinir of one e<r!r means almost surely the finding of
more." G D. llulst (Bull. Brooklyn Ent. 800.. ii. VI)
The same is the ease with the search for ran> caterpillars; our lx?st

lireeilers of nirilies starch jiatiently by turnintr up oiu' le:if after
another for them. For want of time, and especially when the branches
tire lugli, we use a stick and umbrella, and Iwat the branches or leaves
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confinement the food should be kept fresh, and the box well

yentilated. Tumblers covered with gtiuze, pasteboard boxes

pierced with holes and fitted with glass in the covers, or

large glass jars, are very convenient to use as cages. The

bottom of such vessels may be covered with moist sand, in

which the food-plant of the larva may be stuck and kept

fresh for several days. Larger and more airy boxes, a foot

square, with the sides of gauze, and fitted Avith a door

through which a bottle of water may be introduced, serve

well. Tlite following extract from Eiley's " Fifth Annual

Report on the Injurious Insects of Missouri " illustrates his

style of vivarium:
" For larger insects I use a breeding-cage or vivarium of

my own devising, and which answers the purpose admirably.

It is represented in Fig. 271, and comprises three distinct

parts: 1st, the bottom board {a), consisting of a square

piece of inch-thick walnut with a rectangular zinc pan {ff),

four inches deep, fastened to it, above, and with two cross-

pieces {gg) below, to prevent cracking or Avarping, facilitate

lifting, and allow the air to pass underneath the cage. 2d,

a box {b), with three glass sides and a glass door in front,

to fit over the zinc pan, 3d, a cap (c), which fits closely

on to the box, and has a top of fine wire gauze. To the

centre of the zinc pan is soldered a zinc tube [d) just large

enough to contain an ordinary quinine bottle. The zinc

pan is filled with clean sifted earth or sand {e), and the

quinine bottle is for the reception of the food-plant. The

cage admits of abundant light and air, and also of the

easy removal of the excrement and frass which fall to the

ground; while the insects in transforming enter the ground

or attach themselves to the sides or the cap, according to

their habits. The most convenient dimensions I find to be

twelve inches square and eigliteen inches high: the cap and

the door fit closely by means of rabbets, and the former has

into the outspread umbrella; this method is successful for fir, spruce,

and pine trees, as well as forest trees in general.
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a dcptli of about four inches to luliuit of tlie liirgent cocoon

being spun in it witlunit touching the box on which it rests.

lUN^il
.'

jjli' wil^ifii^

t>f.

r

M

•)

Fio. 271. —Breetling-caRe.

Tlio zinc pan might ho made six or eight inclies deep, and

the lower half tilled with sjiiid, so as to keep the whole

moist for a greater length of time.

•' A dozen such cages will furnish room for the annual

breeding of a great numl)er of sjuvies, as s»>veral having

different habits and appearance, and which there is no

danger of eon founding, may be simultaneously fed in the

s:ime cage. 1 number each of tlie three jiarts of each cage,

to prevent mis]ilaceiuent and to facilitate reft-rence: and

aside from the notes made in the note-book, it will aid the
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memory and expedite matters to keep a short open record

of the species contained in each cage, by means of slips of

paper pasted on to the glass door. As fast as the different

specimens complete their transformations and are taken

from the cage the notes may be altered or erased, or the

slips Avetted and removed entirely. To prevent possible

confounding of the different species which enter the ground,

it is well, from time to time, to sift the earth, separate the

pupae and place them in what I call imago cages, used

for this purpose alone and not for feeding. Here they

may be arranged, with reference to their exact where-

abouts."

The object is to keep the food-plant fresh, the air cool,

the larva out of the sun, and in fact everything in such a

state of equilibrium that the larva will not feel the change

of circumstances wdien kept in confinement.

Sugaring for Moths.—We may set bait or ''sugar" for

moths, smeai'ing the mixture of sugar and vinegar on the

bark of a tree, and visiting the spot by night with tlie lan-

tern and net. A mixture of cheap brown sugar mixed

with a little hot water and beer, or one of some beer and
molasses in equal parts, flavored with a Tittle rum or brandy,

may be applied with a paint-brush before dusk to stumps,

trunks of trees, or fences; some prefer to lay it on in long

and narrow streaks rather than in broad patches. With a

dark-lantern hanging from a strap around the waist, the

collector may visit the trees sevei-al times during an even-

ing, especially a warm, damp, foggy, still night.

Mr. 0. S. Westcott advises the night collector to have

two wide-mouthed bottles, each with a chloroform sponge

tacked on the bottom of the cork; also two cyanide of

potassium bottles, to which the temporarily anaesthetized

moths may be transferred (Can. Ent., viii. 12).

Traps for Moths, etc.—Taking advantage of moths flying

to lights,* many can be collected about gas or electric lights.

* It is a curious fact that in general the males alone are attracted
to light; the same is probably true of beetles, at least the Jime beetle.
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Indeed, the electric li<rlits now make the l)est collecting

places, and they attratt moths and beetles to such an ex-

tent that almost iir»lhin<f can he fciken at sugar or gas-

lamps where these lights are situated. A light trap may
be made by a lantern combined with a reflector, susjiended

out of doors ; under the lantern a funnel several inches

larger than the lantern may reach down into a box or bottle

containing the fumes of chloroform or ether, or benzine,

or, if the lantern is used for beetles, into a bottle filled with

dilute alcohol.

It should be borne in mind, as Mr. Thaxter observes,

that Xoctuids always fly against the wind, and unless the

light is so placed that they can fly thus to get to it, one's

success will be slight.

We will now dt'scribe the methods of rearing and pre-

serving insects of dillerent orders.

RZAKING CATERPILLAES.

The best specimens of moths and butterflies are obtained

by rearing them from the egg. or from the larva or jiupa.

Besides merely breeding caterpillars in order to procure

good sjieeimens for the cabinet, the modern student of

entomology who desires to trace the genealogy of Lepido])-

teni should study the fieshly-hatched larva, and compare it

and the other early stages with the full-grown hirva, so as

to obtain a complete life-history, with colored illustrations,

of each stage. Hence a good deal of care must be exercised

in breeding and describing ciiterpillars. In confinement

the food should be kept fresh, and the breeding cage or box
well ventilated. Tum])lers covered with gtiuze, pasteboard

boxes pierced with holes and fitted with glass in the covers,

or large glass jars—but better still, tin boxes of different

sizes, in which the food remains fresh for si-vcitd days—are

very convenient to use as cages. The bottom of such ves-

sels may be covered with moist sand, in which the food-
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plant of the larva may be stuck and kept fresh for several

days. In rearing from the egg, says Scudder, the greatest

difficulty is during early life
;
young caterpillars must have

the freshest and tenderest food and not too much confine-

ment. With all precautions many will be lost, for they are so

small that it is difficult to keep track of them, and some are

very prone to wander when their food does not suit them.

They are best reared in some open vessel covered with gauze,

with the growing plant, placed in the light, but not in the

sun. Most caterpillars change to pupaj in the autumn;

and those which transform in the earth should be covered

with earth, kept damp by wet moss, and placed in the

cellar until the following summer. The collector in seek-

ing for larvae should carry a good number of pill-boxes, and

especially a close tin box, in which the leaves may be kept

fresh for a long time. The different forms and markings

of caterpillars should be noted, and they should be drawn

carefully together with a leaf of the food-plant, and the

drawings and pupa skins, and perfect insect, be numbered

to correspond. Descriptions of caterpillars cannot be too

carefully made, or too long. The relative size of the head,

,its ornamentation, the stripes and spots of the body, and
the position and number of tuljercles, and the hairs, or

fascicles of hairs, or spines and si)inules, which arise from

them, should be noted, besides the general form of the

body. The lines along the body are called dorsal if in the

middle of the back; subdorsal if upon one side; lateral

and ventral when on the sides and under surface; or stig-

matal if including the stirjmata or breathing-pores, which

are genercilly parti-colored. Indeed, the whole biography

of an insect should be ascertained by the observer; the

points to be noted are:

1. Date when and how the eggs are laid; and number,
size, and marking of the eggs.

2. Date of hatching, the appearance, food-plant of larva,

and number of days between each moulting; the changes
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till' larva uiuU'rii^Mcs, wliirh are oftrii reniai-kabli', eHpecially

at the tirst nioultiiiir, with drawings illustnitive of these;

the liabits of the larva, whether solitary or gregarious,

whether a clay or night feeder; the ichneuinon parasites,

and their mode of attaek. Specimens of larva? in the dif-

ferent monltings shonld he preserved in alcohol. ^I'lie ajt-

peanince of the larva> whi-n full-fed, the date, number of

days before pu})ating, the formation and descrii>ti(tn of the

cocoon, the duration of larviB in the cocoon before pupation,

their ai)pearance just before changing, their appearance

while changing, and alcoholic specimens of larva* in the act,

shonld all be studied and noted.

:{. Date of puliation; desci-iption of the pupa or chrysjilis;

duration of the pu^ia state, habits, etc.; together with al-

coholic specimens or pinned dry ones. liCpidopterous pupa?

should be looked for late in the summer, or in the fall and
si»ring. about the roots of trees, and kejjt moist iji mould
until the imago apin-ars. (Many Coleopterous ]mpa> may
also occur in mould and. if aquatic, under submerged sticks

and stones, and those of borers nnder the bark of decaying

trees.

)

4. Date when the insect escapes from the pui^i, and
method of escape; duration of life of the imago; and the

number of broods in a season.

Drawing Caterpillars.—After some practice any one can
make a recognizable drawing of even an insect, especially of

a caterpillar, and after a little experience even a sketdi in

water-colors. Drawing in natural history is all-important

to the bi'ginner; it trains the eye to observe closely, and
good sketches of the early stages of insects are espi-cially

needed in this country. Various cameras have been contrived

to enable the artist to get a correct outline of objects, while

for flat. microscoi)ic objects the use of the camera lucida is

invaluable; after a few trials it can be used both for draw-
ing outlines and tilling in details. In this way the larvse

of the Micro-lepidoptera mounted on glass slides may be
drawn.



250 ENTOMOLOGY.

Managing Caterpillars in Confinement.—They may be en-

closed in gauze bags tied over the smaller branches of the

food-tree, yet they have to be watched; they need attention

after heavy showers or storms; and some will eat their way
through just before pupation. For caterpillars in confine-

ment air and light are necessary, though many do well bred

in small tin boxes without ventilation. The boxes should

be cleaned every day; removing the castings and bits of

leaves, as well as sick or dead larvae. If any contagious

disease appears, all the sick caterpillars should be burnt and
the box cleansed with dilute carbolic-acid water. The food

should be renewed every day, and if possible put into a

bottle of water closed witli cotton to prevent caterpillars from

falling in. Too much food in a small Jar or box fouls the air

and hastens its own decay. After beginning to feed larvae

with one kind of food-plant, it is dangerous to change it for

another; hence they should be fed on the kind of plants on
which they are first found.

Dr. Knaggs has, in the '^Entomologist's Monthly Maga-
zine," given some directions for managing caterpillars. Very
young caterpillars, Avhich will not eat the food provided, and
become restless, should be reared in air-tight jam-pots, the

tops of which are covered with green glass to darken the in-

terior of the vessel. When small larva3 hide themselves by
mining, entering buds, and spinning together leaves, they

should have as small a quantity of food as possible. In chang--

ing larvffi from one plant to a fresh one, a slight jar or puff

of breath will dislodge them, and they can be transferred to

the jam-pot; or the glass cylinder, covered at one end with

muslin, can be turned muslin end downwards for them to

crawl upon. The duplicate breeding-cage, pot or tube,

should be '^ sweetened'' by a free current of fresh dry air

and then stocked with fresh food.

Dr. Knaggs advises that " hiding-places" or bits of chips,

etc., be provided for such Noctuid larvae as naturally lie

concealed, such as Orthosia, Xanthia, Noctua, etc., "while
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for Agrotis and u few otht-rs ii considerable depth of line

eartii or Siind is neeessjiry."*
'' Larvju, wliicli in nature liibernate, must eitlier be

stimulated by wanntli and fresh food to feed up unnatu-
rally fast, or else througli the winter must be exposed to

out-door temi)erature." Hibernatinnr, hairy larva? must be

kept dry during winter. For such larvte as begin to eat

before the trees are leaved out, the leaves of evergreens

must be provided, pine leaves, cliickwecd, grasses and
mosses. On the other hand, Mr. W. II. Edwards has fed

belated larva? of Papiliq cresphontes on dried leaves of

prickly ash, softened in water. He also fed another belated

lot with leaves of the hop-tree which had been gathered for

two years. These he soaked overnight, laid between blot-

ting-paper, and the larva,' ate them readily. L;irva? from
other countries may be fed in tlie sjime manner, the food-

l>lants being sent by mail. ^Ir. Greene describes what ho
calls his ''larvarium, viz., a very large box, say three feet

square and about the Siime in de])th, lilled partly with

mould covered with moss." The edges of the to]> of this

box nnist be smoothly shaved to suit the lid, which is like

the frame of a slate, the slate being knocked out. Tliis is

then covered with gauze. In a box of this size small

branches may l)e held in bottles of water, and two or thrci'

dozen larva> sifely iioused. If placed in a cool room, with
])lenty of air. they will grow almost as large as if in free-

<l(>in. Ml-, (iibsdu strongly ri'commends that during the

winter all cages i-outaining larv;v be placed in front of a

vimlow facing the east or northeast, so that tlu' inmates

may be kept as cool as possible.

AVhen the moth is fairly out of the ]>ui>a, as ninarkcd by

^Ir. Sanborn, their wings often fail to projK'rly exjuind on

* Mnny larva' require earth during all their entire existence as such.
and very UKiuy inoiv roquiro it for inipation. The Ncxliiids. es|HTially.
burrow in tlu- carlli ihiriiijr tlio day, and the C'atocala'. as wdl as niaiiy
olliors, muM liave ikan littor in whicli to bide, for tliey feed only at
nijrlit, and lie cojutali'd undvr bark, in crevices, luid among grass-
roots and leaves during tlie dav.
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account of the want of moisture^ "' the iusect being unable

to expand its wings in a lieatecl, dry room. He has avoided

this difficulty by placing the insect just emerged, or about

to come forth, beneath a bell-glass, witliin which he had

placed moistened pieces of bibulous paper."

By taking advantage of the habit of many tree-feeding

caterpillars of changing to pupas (pupating) in the soil close

to the trunk of the tree, many rare moths can with little

trouble be raised from the chrysalides thus found. As the

Rev. Joseph Greene ("The Insect-hunter's Companion,"

London, 1870) advises, the dirt around the trunk should

be dug up with a trowel, and carefully examined for chry-

salides. He adds that ''pupa? may be found almost any-

where and everywhere, under moss on large stones and

boulders, in the decayed stumps of old trees, behind the

loose bark on palings, between dead leaves, under moss on

banks, etc., etc."

Hibernating Larvae.—These are very apt to die when

artificially hibernated. If kept too dry they die from lack

of moisture; if kept too moist they are apt to be attacked

by fungi. The effort sliould be to keep them at a tempera-

ture as steady as possible and below the freezing point. If

placed in a cellar with the window open, or among leaves

out of doors in a box protected from rain and snow, in con-

ditions as nearly as possible to nature, they may be in many
cases successfully carried over tlirough the winter.

Management of Pupae.—Mr. 8. Lowell Elliott, who has

been remarkably successful in rearing butterflies and moths,

breeding them by the hundreds and even thousands, has a

pupa-box of the following description: It is about 20x16

inches, and 8 inches deep, with a bottom of coarse wire

cloth placed about 3 inches from tlie bottom, so that the

box can be set over a flat earthen pan of water; it is divided

by thin wooden partitions into four compartments, the

bottom of each of Avhich is covered with a thick layer of

baked Sphagnum moss which has been pulled into fine bits.

The pupse are laid on this floor of moss, and covered over
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witli a thick la^'er of moss pn-parcil in tin- smu' maniu'r as

that bt'iioath. The box is covered by a ^^hiss j)hite kept in

place by projections from the sides. During the winter the

pan of water may be disjiensed with, and the box put into

a cellar-rt)oni with the window j)artly open, so tliat the fresli

moist air may penetrate, or in a cool attic; or, better, placed

in sucli a situation outside of the house that the box will

not reci'ive injury, while the ])Ui);v will be kejjt cool and not

too damp. We have found that such a box, with water in

course of evaporation under it, is by far the best place to

keep pupiB both in summer and winter.

When the moths emerge, they are transferred by Mr.

Elliott to another box (or rather a series of them, for keep-

ing numerous specimens at the same time), with a glass

top, and a stick introduced on which the moth may hang
suspended by its feet until the wings are fully exi)anded

and the body sutliciently dried; they are then transferred

to the p(»isoning-b(tx, aiul the insect is tinally set, before a

wing has Hutterotl.

Pairing or Mating Lepidoptera in Captivity.— " It is

common enough," says Mr. \\ . II. Kdwards. "for certain

Sphinges and Hombycida? to mate in Ijoxesand immediate-

ly after leaving the pupa\ This may happen when the

eggs are mature at the birth of the insect. With manv
species of butterflies the eggs do not mature for several

days after leaving the chrysalis, as is the case with the

large Argynnids; but with others, as J'/ii/riodes f/iaros,

ni/r/ci's, and iiijfn'na. they are mature from the start. I

have not ex]H'rimented in this direction, but from what
Miss E. L. Morton, of Xewburgh, X. Y., tells me, it nniy

be possible to induce butterflies of some species to mate
and so to obtain eggs, for the eggs are laid very shortly

after copulation, as I have several times observed. Miss

]Morton had by mistake i)laced a male Safi/nis alopc under
a bag of netting on grass. Three days later she introduced

a female, which up to that time was supposed to be tlie

second female. Almost immediately the ]niir mated, and
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a few hours later eggs were laid. In attempting to get
eggs in this manner, it would be best that a male caught
in the field should be introduced to a female just from the
chrysalis, for in the field it is these last M^hich are sought
by the males. Almost always, when a pair of butterflies in

copulation are taken, the male will be found worn or
broken, while the female is uninjured in wing and there-
fore must have lately left the chrysalis'' (Can. Entomologist,
xviii. 17).

Mr. S. Lowell Elliott very successfully mates Bomb3'^ces,

etc., by placing the sexes in a gauze mating-bag suspended
in a room through which passes a current of air from out
of-doors.

Mr. Edwards also covers a branch of the food-plant with
a bag of fine netting, placing the female within, so that
she can move freely about; she should have plenty of light,

though not exposed to the direct rays of the sun. If the
plant is a small one it may be covered with a headless keg,

covered at one end with gauze.

Treatment of the Eggs.—They should be kept in a not
too dry or overheated atmosphere, and should be so placed
that at its birth, without effort, the larva at once finds fresh

food.*

Collecting and Rearing Micro-lepidoptera. — For col-

lecting and preserving these minute and delicate moths,
which are called by collectors Micro-lepidoj)tera, especial

instructions are necessary. Wlien the moth is taken in

the net, it can be blown l)y th3 breath into the bottom.
" Then by elevating the hand through the ring, or on a
level with it, a common cupping-glass of about two inches
in diameter, or a wine-glass carried in the pocket, is placed
on top of the left hand over the coiistricted portion, the

grasp relaxed, and the insect permitted to escape through
the opening into its interior. The glass is tlien closed

below by the left hand on the outside of the net, and may

* Hulst and Thalenhorst in Bulletin Brooklyn Ent. See, ii. 63;
other hints are taken, sometimes verbaUm, from this article.
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Ix* traiisrciTcil tn Uk- top of tlio cullcctiiig-liox. when it can

be quii'tod by c-liloroforni." (Clemens.) Or the moths may
be colli'i'ti'd in i>ill-boxes, luul then carried home and opened

into a larger box iilled with fumes of ether or benzine or

cyanide of potassium. In ]tiiK"hin<^ any moths on the

thorax, us is sometimes done, the form of that rei^ion is in-

variably distorted, .jind many of the scales removed. In

searching for Micros we must look carefully on the lee

f<ii/e of trees, fences, hedges, and nndulations in the ground,

for they avoid the wind. Indeed, we caji take advautiigo

of this habit of many Micros, and by blowing vigorously on

the trunks of trees start the moth oif into the net so placed

as to interce]>t it. This method is most i)roductive. 0. G.

Barrett states, in the "Entomologist's Monthly Magazine,"

while a steady wind is blowing.

Tlu^ larv;e vary excessively in the number of li'gs. sixteen

being the usual number, but in sevi-ral genera ((iracilaria,

Tiithocolletis, etc.) we only find hmrteen ; in Nejiticula,

though the legs art' but j)Oorly developed, they number
eighteen ; on the other hand, the larvie of a 1\'W of the

smaller geneni (Antisjjila, Tinagma, etc) are absolutely

footless.

In seeking for tlu' larva', we must renicnibcr that most of

them are leaf-miners, and their burrows are iletected by the

waved, brown, withered lines on the surface of leaves, and

their fras.t, or excrement, thrown ont at one end. Some
arc found between united leaves, of which the ujiper is

crumpled. Others construct portable cases which they

draw about the trunks of trees, fences, etc. Others burrow

in the stems of grass, or in fungi, toadstools, and in the ]iith

of currant or raspberry buslies. Most are solitary, a few

greg-arious, A luish stripped of its leaves and covered with

wcbsj. if n(U done by Clisioeampa (the Amerit-an tt'iit-i^atvr-

pillar), will witnt-ss the work of a Tortrix or Tineid. Buds

of unfolded herbs sutler from their attacks, such as the

hejids of composite flowers which arc drawn together and
Cpnsunu'd h\ the larvae
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After some practice in rearing larvae it will be found easier

and more profitable to search for the leaf-miners, and rear

the perfect, fresli, and uninjured moths from them. In this

way many species never fovmd in the perfect state can be

secured. *

In raising Micro larvee it is essential that the leaf in

which they mine be preserved fresli for a long time. Thus
a glass jar, tumbler, or jam-pot, the top of wliicli has been

ground to receive an air-tight glass cover, and the bottom

covered with moist white sand, will keep a leaf fresh for a

week, and thus a larva in the summer will have to be fed

but two or three times before it changes ; and the moth can

be seen through the glass without taking off the cover ; or

a glass cylinder can be placed over a plant inserted in wet

sand, having the top covered with gauze. Dr. H. G.

Knaggs, in treating of the management of caterpillars in

breeding-boxes, enumerates the diseases, besides muscar-

diue and cholerine (and we might add pebrine), to which

they are subject. Among direct injuries are wounds and

bruises, which may be productive of deformities in the

future imago ; the stings of ichneumon flies, whose eggs

laid either upon or in the body may be crushed with finely

pointed scissors or pliers ; frost-bites ; and suffocation,

chiefly from drowning. If the caterpillar has not been

more than ten or twelve hours in the water, it may be re-

covered by being dried on a piece of blotting-paper and ex-

posed to the sun. Larvae may also starve to death, even

when food is abundant, from loss of appetite, or improper

ventilation, light, etc. ; or they may eat too much, become

dropsical and die. Caterpillars undoubtedly suffer from a

* " In general, it may be said, the mines of the leaf-miners are

characteristic of the genus to which the larva may belong. A
single mine once ideutitieil enables the collector to pronounce on the

genus of all the species he may find thereafter. Tliis, added to the

ease with which the larva? are collected, and the little subsecpient care

required to bring thcin to maturity, except to keep the leaves in a
fresh and healthy state, makes the stud}- of this group, in every respect,

pleasant and satisfactory to the entomologist." (Clemens.)
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contagious diseast.' aiuilogoii.s to low tVvr. Many dif while

moulting, especially the larva? of hutterllies, sphinges, and
bonibycids ; others are carried off by diarrhu*a, whieli is

generally caused by improper feeding on too juicy or relax-

ing food, when oak leaves or dry stunted foliage should be

given them. To relieve constipation they should be fed

witli lettuce and other natural purgatives ; and lastly, they

may be attacked by fungi, especially, besides those previ-

ously mentioned, a species of Oidium. Such patients should

be put in direct sunlight or dry currents of air. (Kn^nnol-

ogist's Monthly Magazine, June, 18G8.) The pupa? easily

dry up ; they should be kept moist, in tubes of glass closed

at either end, through which the moth can be seen when
disclosed.

In setting Micro-lepidoptera: ** If the insect is ver>/ small

I hold it by its legs between the thumb and finger of the

left hand, whilst 1 })ierce it with the pin held between the

thumb and finger of the riglit hand ; if the insect is not

very small I use a rough surface, as a piece of blotting-paper

or piece of cloth, for it to lie u])on and prevent its slijiping

about, and then cautiously insert the point of the pin in the

middle of the thorax, as nearly as possible in a vertical di-

rection. As soon as the pin is fairly through the insect, re-

move it to a soft pie(H.» of cork. and. by pressing it in. juish

the insect as far u}) the pin as is required.
'* For setting the insects 1 find nothing answers as well

as a piece of soft cork, papered with smooth paper, and with

grooves cut to admit the bodies. The wings are jilaeed in

rhe required position by the setting-needle, and are then

retained in their places by a wedge-shaped, thin pajier

brace, placed over them till a square brace of smooth

card-board is ]ilai'ed over the ends of the wings." (Stain-

ton.) A small square of glass can also be laid on the wings

to keep them expanded, and thus sei-ve the s;une purjwse as

the paper braces.

Liniuvus first set the example of having the specific names

of the Tortricids end in aim. and of the Tineielsin cllaj and
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at the present day tlie rule is generally followed by entomol-

ogists, who have also given the same terminations to the

names of the smaller sj^ecies of Pyralides, such as Pempelia,

Crambus, and allied genera.

We may also add Lord Walsingham's directions for col-

lecting Micro-lepidoptera, published in the "American

Naturalist" (vol. vi.. No. 5):

"1 go out with a coat provided wiili large pockets inside and out,

containing an assortment of pill-boxes (generally of three sizes,

glass-bottomed pill-boxes preferred), a bag sluug over my shoulder,

and a net. Unless searching for particular day-flying species, I pre-

fer the last three hours before dark. As the sun goes down, many
species move which do not stir at other times. I watch the tops of

the grass, the stems of the flowers, the twigs of the trees ; I disturb

leaves and low-growing plants with a short switch, and secure each lit-

tle moth that moves, taking each out of the net in a separate pill-box,

selected according to the size of the insect, as he runs up the net to

escape. Transferring the full boxes to the bag, I continue the pro-

cess until moths cease flying or night sets in. Many species can be

taken with a lamp after dark.

" Returning to camp, I put a few drops of liquid ammonia on a

small piece of sponge and place it in a tin canister with sucli of the

boxes as do not contain the smallest species, and put these and the

remainder away until morning in a cool place. In the morning I

prepare for work hy getting out a pair of scissors, a pair of forceps,

my drying-box containing setting-boards, a sheet of white paper,

and some pins.

" First, I cut two or three narrow pieces of paper from three to

six lines wide, or rather wider, according to the size of the largest

and smallest specimens I have to set. I then double each of these

strips and cut it up into braces by a number of oblique cuts. Now
I turn out the contents of the canister and damp the sponge with a

few drops of fresh ammonia, refilling with boxes containing live

insects. Those which have been taken out will be found to be all

dead and in a beautifully relaxed condition for setting. Had the

smallest specimens been placed in the canister overnight, there

would have been some fear of their drying up, owing to the small

amount of moisture in their bodies.

"If the weather is very hot there is some danger of killed insects

becoming stifE while others are being set, in which case it is better

to pin at once into a damp cork box all that have been taken out of

17
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tilt' caiiistiT; hut under ordiuiiry circumstances 1 prefer tct i)iii tlieui

one by one iis 1 set them.

"Takin;^; the liil oil a hox, and taking the box between the linger

and thumb of tlie riglit haiul. 1 roll out the insect on the top of the

left thuml), supporting it with tlie top of the foreliuger and so ma-

nipulating it as to bring the head pointing towards my right hand and

the thorax uppermost. Now I take a i)in in the right hand, and rest-

ing the tirst joint of the middle linger of the right against the i>ro-

jeding jioint of the middle linger of the left baud to avoid unsteadi-

ness, I pin the insect obliquely through the thickest part of the

thorax so that the head of the pin leans very slightly forward over

the head t)f the insect. After pa.ssing the pin far enough through

to bring about one-fourth of an inch out below,* 1 pin the in.sect

into the middle of the groove of a setting-board so that the edge of

the groove will just support the under sides of the wings close up to

the body when they are rai.sed upon it. The board should be chosen

of such a si/e as will permit of the extension of the wings nearly to

its outer edge. The position of the pin .should still be slanting a

little forward. The wings .should now be ral-sed into the position in

which they are intended to rest, with especial care in doing so not

to remove any scales from the .surface or cilia of the wings. Each

wing .should be fastened wilii a brace long enough to extend across

both, the braces being pinned at the thick end, so that the heati of

the pin slopes away from the point of the brace; this cau.ses the

braces to press more lirmly down on the wing when lixed. The insect

should be braced thus : the two l)races next the body should have the

points upwards, the twoouterones pointing downwaids and slightly

inwards towards the body, and covering the main portionof thewings

beyoiul the middle. Antennie should be carefully laid back above

the wings, and braces .should lie tlat, exercising an even pressure at

all points of their surface. The fore wings should slope slightly

forwards .so that a line drawn from the point of one to the point of

the other will just miss the head and palpi. The hiiul wings should

be close up, leaving no intervening space, but just showing tin- upper

angle of the wing eveidy on each side. 1 can give no more preci.se

directions as to how this ilesirable residt may most simply and

speedily be attained ; no two people set alike. Speed is an object;

for 1 have often had to .'iet twelve dozen insects before breakfast. A
simple process is essential, for a man w ho is always pinning and mov-

* The English mode of pinning low down on a short pin presents

so many disadvantages that we wovdd caution collectors to pin high
up on a long CJevman pin so that three-fourths of its length sbould
project below the body.—A. !S. P.
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ing pins, and rearranging wings and legs, is sure to remove a certain

number of scales and spoil the appearance of the insect, besides ut-

terly destroying its value. I raise each of the fore wings with a pin,

and fix the pin against the inner margin so as to keep them in position

while I apply the braces. Half the battle is really in the pinning.

When an insect is pinned through the exact centre of the thorax,

with the pin properly sloped forward, the body appears to fall natu-

rally into its position on the setting-board, and the muscles of the

wings, being left free, are easily directed and secured: but if the pin

is not put exactly in the middle, it interferes with the play of the

wings. Legs must be placed close against the body or they will pro-

ject and interfere with the set of the wings. Practice, care, and a

steady hand will succeed. When all the insects that have been killed

are set, the contents of the canister will be found again ready, twenty

minutes being amply sufficient to expose to the fumes of ammonia.

Very bright green or pale pink insects should be killed by some

other process, say chloroform, as ammonia will affect their colors.

"Insects should be left on the setting boards a full week to dry ;

then the braces may be carefully removed and they may be trans-

ferred to the store-box.

" Having given some account of the process each insect goes

through, I will say a word as to the apparatus required.

" First as to nets. The simplest net is a strong, circular iron wire

hoop with a bag of book-muslin attached, fastened into a light deal

or other handle.
" I use a small pocket net about nine inches in diameter, made to

fold up, with a jointed wire frame and a screw to fit into a brass

socket in a short cane-handle. To counteract the strain of the net

upon so slight a frame the three wire joints are made flat, the two

side joints flattened across the strain, the upper one the reverse way
;

but to prevent this upper joint from coming into plaj^ when the

net is fixed, the upper part of the screw which holds the frame to the

handle is welded square and fits a corresponding square socket in the

other end of the wire frame, holding all tight when screwed down.

A small green silk or other net can be slipped on or off this frame as

required.

"An umbrella net with stout steel rim and canvas edging is useful

for sweeping tall grass and herbage, or to beat branches into, by

which means many small and beautiful species of retired habits may
be obtained.

" I use pill- boxes with glass bottoms, which can be obtained of var-

ious sizes. They are convenient in admitting of the examination of each

specimen, so rare species can be especially searched for, and damaged

ones permitted to escape ; but they are expensive, and for ordinary
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purposes caid-lioanl lioxcs aiiswi-r suIliiUiitl}- well. It is a pood plun

at till- bc'giiinin^r of a season to sliTiipthfii all your boxes i»va crossed

strap of tape or calico lirinly ifUied at the lop and bottom. For a

killiiiij-box any tin box or canister, with u closely htting lid, capable

of conlainini; one hundred pill-boxes will be found to answer.

" Set tinj^-boards can be bought ready-made of the smallest .sizes.

They are made by gluing a strip of thick cork on a thin slip of deal ;

the cork must be thick enough to enable a groove to be cut into it,

deep enough to hold the bodies of the insects to be set, and to leave

sullicient depth for the piu to hold lirmly without reaching the ihal.

The cork on each side of the groove should be smoothed off with a

gentle curve, so that the wings dr}' in a good position. The deal

backing projects beyond the cork so as to slide into a groove if re-

<iuireil, and it is convenient to have a deal cu]>board of drying-bcjxes

with handle at top ami perforated zinc door, having grooves on each

side into which the setting-boanls can be slid. Each board should

be pap<red with thin white paper.

" At the beginning of a sea.son setting-boards may be washed or

brushed over with advantage with a weak solution t>f oxide of zinc
;

it tills up old piidioles and makes them look clean.

" Always set your insects as soon as you kill them: they are then

much more ca.sy to set, and retain their position better when dry.

'• When i)ill-boxes are tilled, keep them C(X)1 to prevent the in.sects

from lluttering ; if gla.ss boxes, keep them also in the dark.

" .Many species when lirst taken will flutter in the boxes and injure

themselves ; for these it is well when colleHing to carry a small i)hial

of chloroform and a zinc collecting-box, cork-lined, into which you

can at once pin your captures ; the cork should be damiu-d to keep

them fresh. Touching a pill-box with a linger moistened w ith chloro-

form will kill the insect inside. Too much chloroform is apt to stiffen

the nerves of the wings antl interfere with setting.

" liy breeding Microlepidoptera, many species not otherwise easily

obtninable may be added to a collection, and the habits of others in

the larva state may be studied with much interest. For this puqw.se

a few wide-mouthed glass bottles shovdd be obtained with corks to

lit, so that the small larva' can be placed in them with fresh frnxl and

the food kept fresh by exclusion of air. If moidd should apjK'ar, the

cork can be replaced by nuislin or a net tied over. I would hardly ad-

vise a travelling collector to attempt this method, although I have

adopted ii with .stMue success; but in a stationary camp it is most inter-

esting anil comparatively ea.sy.

" Cork-lined store-boxes are of coui-se required into which to re-

move the insects when sulliciently dried on the .setting-lH»ards. The.se,

as well as the pins and setting-boards with drying csisc to hold them.
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and the net frames of the folding and umbrella patterns, will be best
obtained from some dealer in such things.

" To pack Mkro-lepidoptera for travelling, pin them firmly close to-

gether into a cork-lined box, so that each specimen just gently holds
down the body of the one above it. This cannot be done with very
minute species. Put your box into another larger box, and let the
outer one be sufficiently large to leave a good clear six inches all

around the inner one. Pack this intervening space with hay, not
crammed too tight ; it will act as a spring and reduce the eflect of
shaking; the whole parcel should be made thoroughly secure against
damp."

In collecting Tortricids, Prof. C. H. Fernald, the best au-
thority on this family, does not use the cyanide bottle, as a
roll over the bottom destroys the thoracic tufts, etc., but he
puts the moths alive into pill-boxes. They can then be
taken home and killed in the cyanide bottle or with chloro-

form. In pinning, the moth should not be touched with
the thumb and finger, but should be handled with a pair of

fine forceps, laid upon a piece of pith held between the
thumb and finger, and the pin passed tln-ough the thorax
so as not to injure the thoracic tuft. He prefers for the
larger species japanned pins, and for the smaller ones silver

wire, inserted in one end of a neatl3'-cut piece of fungus,
through the otlier end of which a large pin may be thrust.

(Can. Ent. x. 83.)

Tlie following excellent directions for rearing the larvje

of Tortricidaj, by Charles G. Barrett, are copied from the
"Entomologist's Monthly Magazine," Jan., 1883:

" There is no great difficulty in rearing the leaf-rol ling species of the
genera Tortrix. Lozota;nia, and part of Pa?cilochroma (of Wilkinson's
' Tortrices' and Stainton's ' Jlanual '), nor those which draw together
leaves either flatly or by folding or spinning several together, such as

Perouea and its allies, Phlocodes, Pcedisca, Coccyx, etc., because they
mostly feed on the comparatively dry and firm leaves of trees or bushes,
and are in consequence but little subject to tlie annoyance of mouldy
food. All that is necessary is to put the rolled, twisted, or joined
leaves containing the larva- into large tins or gallipots, closely tied

down and covered with glass, and to open them daily for ventilation,

supplying fresh food wlien necessary. Particular care, however, must
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be taken ucver fo iiitnuliux' any food in a damp stale, from either (lew

or rain, or mould will be tbe inunediate result. These s|K(ies will

spin up anions; their food plant, and emerge in many c-Ji^es in a fort-

niirht, in all cases within the same season. The few sjx'eies in the.s<?

groups, sueh us T'lrtrU ictevana and rihuriuina and (Emetra piUeri-

ana, which generally feed on succulent low-growing plants, should

have plenty of air, not luing covered with glass unless th'j food l>egins

to wither, su<h plants liecoming very quickly rotten if covered closely

down. This is also the case with the curious balls of young bramble

leaves twisted uj) by the larva of Nutocelia adiiuinniana.

" In the cases of theverj' numerous species which feed in the shoots

of shrubs and low plants, eating out the j'oung leaves, such as the

larger species of Antithesia, Hypermccia, Brachytituia, Pardia,

Spilonota, Hedya, Steganoptycha, parts of Panimesia, Semasia, and

PcL'cilochroma, much judgment must be used. Where the shoots are

of hard-leaved bushes and plants, and the larva does not pack its

domicile witli fra.ss, tins or gallipots may be us<.>d and coveretl with

glass, or wliolly or partially uncovered, as seems necessary from the

stjite of the weather or the condition of the food; but shoots of soft-

leaved low -growing plants, and those which, as in the case of Sttffa-

miptyrha iturtiiia, are apt to be full of frass, shoulil l>e put into onli-

uary rough llower-pots anil tied tightly down with calico, old lining,

or any close-textured material that comes to hand. These |»ots allow

a gtxid deal of evaporation, and if dry moss is intnxhiceil it will also

absorb some of the superlUious moisture, so that gla.ss may bo laid

either completely or partially over these also, to keep the f(Hxl from

withering, but it must be frequently removed and the ft>od stirreil up
and examined and prevented from becoming mouldy or rotten. The
simie should be done wiih larva^ of Sericoris, some of whith feed in

flower-spikes as well as young shoots, and are therefore still moro
liable to injury from mould or decay. But of all the low-plant {r?i\-

ers the most dilVicuU by far to rear are the Sciaphilav It is hanlly

possible to keep the solid composite flowers in which >'. ptrttrana and
,{?. icUrtana feeil from becoming mouldy, and the larva' do not will-

ingly move to fresh flowers. Perhaps the l)e.st plan is to lie up the

infested flowers with others in dose bunches, so that air can get round

them, and then tie them down in flower pots. The shoots an.l curve<l

leaves in which rirffauiraiia and other species feed can only be lre:»tetl

as before described. But the difliculty of keeping the foot! in good
condition is as nothing compared to the difliculty of keeping thelar^'rr

in any stnt of ciuifinement. They swm beyond measure im]V{tieut of

impri.sonment. anil as stxni as they discover the least closeness in the

air, or change of condition in the fixxl, begin to wamler round the

vessel, and try by every possible means tc escape If it is not very



264 ENTOMOLOGY.

tightly tied down they force their way under the string, perfectly in-

different to a squeezing that, while in operation, completely tiattens

them; and if the string is too tight, they will force their way between

the covering and the pot, or into the smallest fold, and there die, after

reducing themselves to the thickness of brown paper. To frustrate

their efforts the covering must be of strong calico or cloth, and must

be tied down with t?dn siring, which must be wound tive or six times

round the pot and strained tight at each round, and the covering ma-
terial then pulled tight. No larva can then force its way under the

string, and they cannot easily get between the calico and the pot; but,

to completely prevent this, the best plan appears to be to rub a little

lard or other form of grease round the edge of the pot. This they

detest, and will not willingly touch, and it docs seem to circumvent

them. If by these devices the larvae can be compelled to remain in

the pot, they will spin up among the food plant or in the moss; but

so much sulkiness remains in their disposition that the moths, on

emerging, will often remain among the rubbish at the bottom until

spoiled. The best plan is to examine the food and pick out the pupae,

wbieh do well if placed on soft material in a chip or card box. If

however, when full fed, the larvte are allowed to force their way with

difficulty out of the pot, they appear quite satisfied, and will spin up
in the first available place; so that I have obtained numerous pupae

by simply laying a squeezed-up piece of gauze or leno, or even some
dry moss, loosely on the top of the pot.

" There are a very few leaf-feeders, such as Stigmonota weirana and
8. nitidana, which hibernate in a cocoon between the leaves on which
they have fed. These give little trouble, and only require to be kept

cool.

" The species of the genus Retinia, which feed in fir-shoots, are tol-

erably easy to rear if the shoots are not allowed to get too dry, as

they do not readily become mouldy, and the larvae will move freely

to fresh shoots. A common flower-pot covered with glass is the best

for them.
" Some of the species of Anchylopera, which feed on the leaves of

shrubs and make themselves domiciles in which to pass the winter,

are rather difficult to rear, and must have winter exposure, but those

which feed in early spring on clover, etc. , are easily managed.

"Except the SciaphiUr, no Tortrix larvre are so hard to rear as the

various groups of seed-feeders. There certainly are exceptions, such

as Antithesia gentianana and marginnna, Asthenia strobilella, and
Eupmcilia roscana, which obligingly remain in their respective seed-

heads all the winter, requiring only to l>e kept cool and not too dry,

and not even needing to be wintered out of doors. The feeders on
Papilionaceous seeds, such as Stigmonota orobana and dorsana, after
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leaviiisr the .see<l-po(ls, will spin their U.iiirh cocoons on rottfioi tvokI or

CJilico, and may also he winlcred in(](x»rs. But it is (juite f)tl erwb*
wilh the <:enera C'atoptria, Eniloj)sia. C'arpocapsii, and parts of Gm-
pliolithii, Semasia, Eupa-cilia, etc. Most of these feed up with very

jjreat rapiilily, becon)inf,' full fetl almost before the parent moths have
ceased to Hy—sjiy, 'within a month or six weeks of the time of the egg
being laid—and remain for nine or fen months in coccxin in the larva

state, in most cases having their food ai.d spinning up among ih'brio,

or under stones, or other suitable places. Having to arrange for so

long a repo.se, it is natural that they should wish to choose a suitable

and comfortable spot, but some seem unnecessarily fastidious. All

that I have recorded of the restless, obstinate, and suicidal tendencies

of Scia]>hilrt larva> applies equally to these. They must l»c tied tlown

in llower-pots titzhtly, and the covering material strained, as already

suggested—not omitting to grease the edge—and when they tind that

they cannot really escape they may generally be tempted to spin up
by the introduction of pieces of rotten wood, cork, hollow sticks,

f<ilded i>aper or rag, or the .stems of their food-plants. Sometimes
notiiing will give .s;itisfaction; and the larva-, after sulking for weeks,

will ac!ii:i!ly dry up and die without any material alteration in their

ai>]H'arance I have known do/ens of larva' of ditopttia nmiilaiui to

die in this way after leaving their food— the .strds of the golden-rod.

On the ajiproach of winter, the pots containing larva* of any of these

groups must—the hole in the Inittom being tirst stopi^tl, so lus to

exclude insect fix's, but alh)\v drainage— l>e placed in the open uir,

exposed to the intluences of any weather that may come. It is well

to look at them occasionally, lest the covering gc's rotten and broken,

or the pot is rolled over by some active cat; but, making allowance

for accidents, larvie kept in this manner out of doors luitil the end of

A]iril, or even into May, will generally produce a fair proportion of

Tiioths.

"The internal, stem, and root-feeding species reiiuire very various

treatment. The >iucculent stems in which the Ilahiuota priucip.dly

f'.ed reijuire to W kept alive in moist earth until the larva' are full

fetl; and can- must afterwards be taken that the steins do not ferment

from lying too dose together, or dry up before the moths emerge.

The siH'cies, such as GraphoUtlui piipilitina ami the Dicn>rampha».

which feed in the stems of harder plants, also thrive l)etter if the

roots are kept in moist earth; and this precaution must, of course, lie

taken with the nxit feeding Euchromitv. Ortbotania'. and Xantho
setia\ ilost of these species are best collected in the sjiring, as the

larva" are slow feeders, ami not easily discoverable until tolerably well

grown. Most of them turn to pupa in the stems, though G. pupiUaua
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follows the custom of its allies in wandering away and spinning up
elsewhere.

"The larvaj of Antithesia fuUgana, A. nigricostana, and several of

the Eupoecilife and Argyrolepiae, which feed in the soft stems of low-
growing plants, must be collected in the autumn before the dead stems
are broken and scattered by the winter storms. The stems must be
kept fresh in moist earth until they naturally die down, by which time
the larvae have generally spun up, and the stems may then be kept in

pots, jars, or even bottles, care being taken that they do not get either

mouldy or too dry, and will do as well in a cool room as out of doors."

Preserving Micro-larvse in Alcohol.—Dr. H. Dewitz mounts the

larvae and pupfe of ]\Iicro-lepidoptera, and also the early stages of other
small insects, in the following way: The insects are put into a bottle

with 95 per cent alcohol. Many larvae turn black in alcohol, but
boiling them in alcohol in a test-tube will bleach them. They may
then be finally placed in glass tubes as small and thin as possible,

varying from 0.003 to 0.006 metre in diameter, according to the size

of the insects. About 0.07 metre's length of a tube is melted over a
spirit-lamp, and the tube filled three-quarters full with 95 per cent
alcohol, the in.sects placed within, and the contents of the tube
heated at the end still open, and then closed by being pulled out
with another pioce of glass tubing. After the glass has been held a
few minutes in the hand until it is slightly cooled off, the end closed
last is once more held over the lamp, so that the points may be
melted together, and this end of the glass may be finished. During

the whole time from the

closure of the tube luitil the

complete cooling of the

(jCffi5>Ciaa.cgB5»<?aiiC> "_")
\ \^ glass, it should be held ob-

licpiely in the hand, so that

the alcohol may not wet the

Fig. 273.—Method of preservinf;: niiuute larvas upper end; for if the tube is

etc.-After Dewitz. ^^^ f ^j]]^ jt jg difficult to melt

it, as the steam quickly ex-

panding breaks through the softened ma.ss of gla.ss. The tube may
be mounted by boring a hole through a cork stopper of the same
diameter as the glass. The stopper is cut into the shape of a cube,
a strong insect-pin put through it, and the glass tube inserted into

the hole. It can then be pinned in the insect box or drawer, near
the imago, so that the free end of the glass m;iy touch the bottom,
while the other end stands up somewhat; while to keep the tube in

place the free end resting on the bottom may be fastened with two
strong insect-pins. The specimens thus put up can be easily exam-
ined with a lens, and if they need to be taken out for clo.ser exami-
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nation, tlie lulu- ciiii be oiu-m-d uiul clost-d ufriiin after a lillle jtnic-

ticu (Deutsche Eiit. Zeits , xxxi., 1887. heft 1).

Preserving Larvae Dry.—A good method of preserving

larviu di'v, adopted at Dresden, is to scpieeze out tlie in-

testines tliroiigh a hole made near the anal extremity of the

larva, then to insert a line straw, after which it may be put

in a glass vase, which is placed in a tin vessel and held over a

lamp; the larval skin is blown while suspended over the

lamp, by which the skin dries faster. It may be done with

a small tube or blow-pipe fixed at the end of a bladder,

held under the arm or between the knees, so as to leave the

hands at liberty; and the straw which is inserted into the

body of the larva may be fastened by a cross-pin stuck

through the skin, and thus retained in its proper position

throughout the process of blowing.* M. P. Chretien, of

Paris, who has had wide experience in preparing caterpil-

lars, writes me describing his method of emptying larvae as

follows: It is sufficient to make witii the point of a pair of

scissors a very sinnll cut in the anus of the caterpillar,

between the last pair of legs; then to extend the caterjiil-

lar upon a piece of old linen for the purpose of soaking up
the fluids of the larva; then to press the caterpillar, begin-

* Mr. F. A. Wachtel fivstcus the skin to the line point of a class tube
in blowinir. and by tliis metliod tlic last abdominal seemont preserves
its form. His nutbod is dcvorilud and the apparatus timiri'd in the
Bulletin of the Brooklyn Kntonioloirical Societv. i. 94. See also
"Seudder's liuttertlies" ill Holt & Co.); Can. Eni. vi. 107; or Anicr.
Nat., viii. 8'21. For the serious study of larva*, altoholic six-cimcns
.shoidd su|>pli'nunl the blown ones; for in many caterpillars, notablj-
the Geonutrids. the characters of the anal lejrsand supni anal plates
(distorted or lost in blown specimi-ns^ are only to be <ibsi ived in livint:

or alcoholic examples. Mr. A. W. P. Kramer, after drawing' out the
intestines, etc.. takes those iMdtrudinir parts l)e(ween his liiiirers and
in-ijerts the point of a finely drawn-out irla.<;s tube till it enl»i.<:"tlie vent
two or three nuUimetres.then secures the intestine to the tul>e with a
thread, and makes the juncture air-tiirht with a liiih' ((-llodion. He
then tills the larva with air, and lets it dry for frojn one to six d:iys.

The advantaires claimed for this process are that no heat is n^uirtnl.
and that one has -rreater facilities for .ffivinir the larva a natund ix>si-

tion. The air pressure can be obtained with a tov R'd-rubl>cr biilkx>u.

Bull. Brooklyn Ent. Soc, vii. 93.
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niug at the head, by means of a little glass roller, or even

a pencil or pen-handle; then, by rolling the caterpillar's

body, all the contents may be pressed out; this process

may be aided by drawing out the parts with fine pincers.

He also suggests that the empty skins of larvae, if placed

in alcohol of a strength of 48°, may be sent by mail from
one country to another, or preserved for a few weeks and
then blown. Blown specimens need only to be protected

from the attacks of museum-pests and from dampness.

Small larvffi, such as those of the Micros, may be put alive

into a hot bottle, baked until they swell to the proper ex-

tent and dry, when they can be pinned with all their con-

tents inside.

Bleaching the Wings for the Study of the Venation.—In

order to study the venation of the wings of butterflies and
the larger moths, we usually remove the scales with a stiff

camel's-hair brush, and then the venation can be drawn
under a 2|- or 4-inch objective with the aid of the camera
lucida, and an exact sketch be made. Others prefer to

'' bleach" the wings by caustic alkaline solutions. Dr.

Dimmock, however, suggests a modification of the chlorine

bleaching process, commonly employed in cotton bleacher-

ies. After soaking the wings for a few moments in pure
alcohol, in order to dissolve the oily matter in them, they

can be removed to a solution of common bleaching-powder,

which is sold as ''chloride of lime," but which is really a mix-

ture of calcic hypochlorite, calcic chloride, and calcic hy-

drate. Ten parts of water dissolve the first two compounds,
leaving nearly all the third suspended in the solution, which
should be made with cold water, filtered, and kept in a

tightly-corked bottle till required for use. After the color

has sufficiently disappeared from the wings, they should be

transferred to a wash composed of one part of strong hy-

drochloric acid to ten parts of water. The wings may then

be gummed on cards, or upon glass by the proper transfers

through alcohol and chloroform to Canada balsam.

A solution of sodic hypochlorite, known as eau cle La-
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harraqnc, or a solution of potassic hypochlorite, known as

eau lie Javelle, enables one to dispense with the wash of

dilute acid. " These bleaching processes preserve the most

delicate wings unbroken; and when the specimens are of rare

s})ecies, rubbed wings can be used^ the absence of tbe scales

not being cviik-nt after bleaching" {Psydtc, i. 07). Legs

and other parts of insects may be treated in the same way.

^Ir. Chambers suggests (Can, Ent. viii. 39), for Micros,

placing the wing upon a glass microscope-slide in from one

to three or four drops of a strong solution of potash, and

after putting a cover-glass over the wing, holding the slide

over a flame until it begins to boil, removing it at the first

sign of ebullition, when the wing will be found to be de-

nuded; it may then be drawn with the camera, and after-

wards mounted for permanent preservation.

Mounting the "Wings of Microlepidoptera.—Prof. C. H.
Fernald m<»unts the wings of Micnilcpiddptcra in cold glycer-

ine; after having been bleached by Dimmock's method
(which, for blenching, is to be recommended), tlie wings

are transferred to the slide direct from the water in which

they are washed, then allowed to dry (sometimes hastened

by holding the slide over the llame of a lamp); and, when
quite dry, a drop of glycerine is to be added, and the cover

at once put on. When the glycerine has penetrated around

the edges so as to completely saturate portions of the wing,

the scales at once become trans]iarent, and the structure is

clearly apparent.

By holding the slide over the lamj) till ebullition takes

place, th.e glycerine will be found to replace the air under

the coiu'ave portions of the wings, without any injury to

the structure; and even in those refractory c-ases wiu^re the

glycerine has been allowed to boil for a considerable length

of time, no injury was found to be done to the wing-mem-
brane. (Anier. Month. ]\[icr. Jonrn., i. [ISSo] p. IT'2.)

Mounting the Wings of Macro lepidoptera.—Dr. II. I)o\viiz of Horlin

reiuovi's ihi' (.olors ami sraUs. for ilio inirposf of studying the

venation, by moans of <'<»»/ de Jardk, cuttinir oil botli wings on one
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side close to the body and placing them in the fluid. It is well to

soak them beforehand in alcoliol, as saturation by the eait de Jarelle

will then take place much more quickly. Then as soon as the wings

lose their color, so that the venation is plainly perceived, they are

soaked in water for an hour. A glass slide is then pushed under the

wings and they are lifted out of the water. This is done so as to

make the upper and lower wings lie close together in the middle of

the slide, which is then dried. The bases of large wings can be

fastened with a drop of warm liquid sohition of isinglass. After the

wings are entirely dry, a thin rectangular piece of glass, somewhat
larger than the extent of the wings, is placed over them. According

to the thickness of the wings, very slender strips of cardboard or

pasteboard vafij be so glued to the slide as to make a square

frame, thus forming a cell to hold the wings.

He imbeds small wings in Canada balsam, by dropping the balsam

on the wings and covering them with a thin glass, such as is used by
microscopists. The slide thus prepared should lie horizontallj' for a

few months, and then be preserved in a box made to hold such

slides, those made for holding ordinary microscopic slides serving

for the preparations of wings of Lepidoptera of medium size. (En-

tomologische Nachrichten, 1887, pp. 164, 165.)

To Remove Grease.—Mr. Henry Edwards removes grease

from moths and butterflies by submerging them in a vessel

of ether for twelve hours; then taking the insect out and

draining off the ether, he places the butterfly on plaster-of-

Paris powder for twelve hours, after which time the powder

is blown ofl' and the insect is reset.

Mr. Ph. Fischer places greasy specimens in a fluid com-

posed of one part of ether to two of the strongest alcohol,

leaving them tlierein for about twenty-four hours. After

being taken out and dried, they are spread. "Where only the

wings are oily, the specimen is put on tlie spreading-board,

under side up, without fastening it in any way, and the pur-

est spirits of turpentine poured on it to fully soak the wings,

after which flnely-powdered pipe-clay is strewn thickly

over the affected parts, and this left to dry. Should the

clay, after becoming dry, be yellow, the oil is not all out of

the wings, and the process must be repeated. To remove

the cla}^, hold the specimen on the upper part of the pin,

and gi-'^e the pin a little jerk near the point, and the clay.
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being brittle, will easily fall olf ; after it is all removed, the

specimen may be brushed with a tine oamel's-hair brnsh

until clean. Specimens treated in these ways will never

again become oily. (Can. Ent., xviii. 78.)

Collecting and Preserving Coleoptera.

Beetles should l)e pinned for the cal^inet through the

right wing-covor (Fig. -JUti). They are found in every variety

of situation : on jilauts, in decomposing animal and vege-

table matter, in mushrooms, under bark of trees, under
stones, especially in moist and shady situations ; many are

found creeping on the ground, in desert and other arid

spots in western America. Some are attracted by candles at

night ; a lighted candle may be fastened in a piece of glass

tube just above a funnel, the lower extremity of which ends
in a bottle of ale<thol. By using a piece of cyanide of potas-

sium in place of the alcohol in the bottle, other insects may
be ca]>tured (such a trap may be set out through a still

night for moths). A similar apparatus has been used with

success in collecting beetles in fungi, the latter being held

over a funnel and rapped a few times, causing the beetles

to run out and drop into the mouth of the funnel and
thence into the bottle ; while others (in all parts of the

country) fly actively on being approached and light again

on the ground a few paces off.

Mr. F. G. iSchaupp collects on the s:indy banks of rivers

large Jiumbers of small ground-beetles, by jxiuring water

over the small holes in the sand and on the plants growing

at the edge of the water ; this causes them to run out of

their retreats by the hundreds. Clivina and nyscliirins

live in holes in the s;ind, OuK^phron and IleteivH^M-us under
the plants, the rest hide uiuler the small stones on the

banks. lie also cuts out pieces of turf by the water's edge

and places them in water, thus collecting both beetles and
their larv;v and pupje.

Burying-beetles may be attracted by placing small pieces
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of meat under stones, boards, etc. ; this is a more pleasant

way of collecting them than by turning over carrion. Mr.

Schaupp also collects coprophagous beetles (Histcr, Apho-
dius, and Staphylinids) by shovelling the dung of cows,

horses, sheep, etc., into a pail of water ; the dung sinks,

and in a few moments the insects living in it rise to the

surface and are easily captured.

An excellent trap for small Silphids, Catops, Colon, etc.,

is made by putting a rabbit's foot or any similar object in

an ale bottle, and burying it up to the mouth in earth.

These small nocturnal species will, in the pursuit of the

odor-giving food, fall into the bottle, from which they can

not escape (LeConte). This is also an indispensable method
to follow in collecting cave-beetles.

''Many peculiar species, not found in other situations,

live under material cast up by the ocean ; others are found
along the shores of lakes and rivers ; many also are found
living in the water." (LeConte.)

Mr. Edward Newman says that ''moss is a great resort

of beetles in the winter ; whenever you have the opportun-

ity, go into the thickest woods, and pulling up the moss by
handfuls cram it into a canvas bag, which you have taken
with you for this especial object. Then on a winter's day,

when nothing tempts you abroad, shake out your moss, bit

by bit, on a white cloth, and you will soon possess yourself

of wonders."
" A large number of species are very minute, and are

usually found in abundance ; these sliould not be neglected,

as to scientific men they possess quite as much interest as

the larger species. The specimens should be thrown into

strong alcohol ; if this cannot be procured, common whiskey
will answer very Avell, but must, when the specimens are

numerous, be replaced by fresh liquor. The smaller speci-

mens should be kept in a separate bottle. When the bottle

is full, the liquor should be poured off and replaced by
fresh alcohol or whiskey, and closely corked. If there is

much danger of breaking in transportation, the specimens^
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after bc'iii^ ^Yoll soaki-d with tlic alcohol, nuiy he allowed to

dry partially, Init not so as to become brittle, and then

jiacked in small i)asti'board boxes, taking care, by shaking

the box well bi'fore tinally closing it, to pack the specimens

so closely that they cannot be broken by moving abont

;

the box may then V)c closed by i)asting a small strip of

})aper around it, and the locality, date of collection, etc.,

written on the top," (LeCNjnte.

)

We copy from a chapter on collecting C'oleoj)tera. by

Edward Newman, in Greene's '* Insect Ilunter's Compan-
ion" (London, 1870), an account of Mr. Crotcli's phm of

killing and preserving beetles, of es])ecial use while on a

long journey.

"The following mctliod bus now In'cii in use some time, and litnce

has Ix'on fairly tested Its advantages are very great, sti that I make
no apolfigy for intwdiicing it to the notice of your readers. The tirst

idea of the process is (iuc, as far as I know, to M. tie Vuille fioi. who
used it with me in Spain, some years ago, with great success. The
specimens may be collected in two ways, according to the .size and

the convenience of the collector. The tirst and best way, for small

species, is by putting them into a bottle containing about half an inch

of dry pine-sawdust, in which has been previously placed a small

piece of cyanide of potas-sium about as big as a pea; they will then

die instantly. Larger species and small species which do not tly read-

ily may be put into spirits in the ordinary way, but the Stup/n/linidie

anil others genendly open their wings in this process. The sjiwdusi

should be pine-wiKxl and sifted free from chips on the one hand and
from dust on the other, so as to be of an uniform size. For storing

the sjH'cies thus collected, a few tin canisters will be found most con-

venient; a layer of sjiwdust is placed at the bottom, and then IxvlK-s,

and so on alternately to the top. The sawdust used in the tins should

be damped (not trtt(td) with a mixture of spirit and onetwentielh

part of carbolic acid, which will effiHtually prevent mould or mites

and will bring the specimens home perfectly fresh anil clean. Sn.all

species, or specimens from a particular Imality, should Ik; wrapix"*!

in a piece of rag or tissue-paper, with a little sawdust, and the name
of the locality. The specimens collecteil in spirits should 1h' rrmoved

as soon as possible (in a few days at farthest), and ln\nsfiTretl to saw

dust. When the tins are full, sonic moR' spirit an<I carl)olic acid

should be ]x>uriHl in and the top soldered down : tin v will then kc<'p

18
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for two years at least. The advantages of this method are manifest,

especiall}' in the absence of any danger of breakage or leakage; and

it is more than probable that a similar plan might be employed with

reptiles, fishes, etc., but for these chloride of zinc suggests itself as

the agent most likely to be of service. As the insects do not become

rotten by the above process, it is sometimes not so easy to set their

legs in the peculiar manner in vogue in this country, but they will

have as a set-off the advantage of being thoroughly fit for study.

When by any chance spirit cannot be obtained, they will keep per-

fectly in dry sawdust, if the specimens are dried in the air for a few

hours first; all that is necessary afterwards being to relax them in the

sawdust instead of removing them from it. Jars or wide-mouthed

pickle-bottles may of course be used instead of tins, and are more

air-tight, but liable to break."

"That eminent and most excellent entomologist, Mr. E- W. Jan-

son, indorses Mr. Crotch's recommendation, and adds a few hints on

the subject of collecting beetles abroad, as follows :

" ' The sawdust plan, now almost universally adopted by collectors,

I can recommend both on account of its simplicity and etficiency.

The sawdust should be that of some white or yellow wood without

coloring matter—pine is perhaps the best; it should be sifted over fine

muslin, and the dust and minute particles rejected. In collecting,

wide-mouthed bottles should be used; these should be about one fourth

filled with dry sawdust, adding beneath a piece of cyanide of potas-

sium of the size of a large pea or haricot bean. On reaching home

after collecting, the contents of the collecting bottles should be shaken

out on a large sheet of paper, and the insects transferred to the stock-

bottle or jar, and the cyanide and sawdust returned to the collecting-

bottles for future use. Any description of wide-mouthed bottles,

such as pickle jars, may be used as stock-bottles; they should, bow-

ever, have tightly-fitting corks or rungs. Before putting the insects

collected into the stock-bottle, throw into it sawdust a quarter of an

inch in thickness, slightly damped, not moistened, with a mixture made
of alcohol (methylated spirit will answer admirably; braudj^ or strong

whiskey, if unsweetened, will suffice, but sweetened gin and rum
must be avoided), or, still better, benzine or beuzoline, and carbolic

or phenic acid. These should be mixed in the proportions of nine-

teen parts of alcohol or benzine and one part of carbolic acid. On
the sawdust damped with this mixture place a layer of insects ; over

them a second stratum of damped sawdust, then a second layer of

insects, and so on alternately until the stock -bottle or jar is tilled;

take care that it is always kept well closed. When it is filled it may
be packed with any other objects in sawdust, hay, moss, or any other

elastic substance, and forwarded to its destination.'

"
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Special attt'Jition sliuuKl be given to the eolleetioii of tlic

larvii? of beetles. ejilU'il grubs. They are found in soil, un-

der the bark of trees, in nuts, etc., and in fresh-wuter

pools.

A ready nietlmd of collecting beetles, etc.. in autumn,
winter, or early spring, is to sift the leaves collected in hol-

lows in the ground and near the edge of -woods. Mr. 11.

Schmelter uses a sieve consisting of a wire ring of about one

foot in diameter, to whieli a bag of coarse muslin of about
the sjime length is sewed, the bottom of which is formed of

a piece of brass-wire cloth about 10 indies in diameter,

and with spaces about 5 mm. sijuare. 'J'he sifting can be
done over a sheet of white muslin or ])aper or, better, by
placing the sieve in a bag U feet in length, fastened to a

ring of the size of that of the sieve. Tlie sifted mutter will

fall into the outer bag, and can be examined at one's con-

venieiKV.*

Wood-boring beetles, such as longicorns, etc., may be
ca])tured, says Sclimelter. often in large numbers, by saw-

ing off the dead branches of trees in spring, gathering

plants with pithy stems, such as the elder, reeds, etc., and
piling u}) these materials in an empty room with the d(X)r

anl windows tightly closed, the latter best made of wire

screen, so as to admit of a free circulation of air. "If a

special room for this ])urpose is not at one's disposal, a

large box coi\iu>eted with a small one, of which seveml sides

should be made of glass, will answer* The insects, after

jiaving made their way out of the wood during spring and
summer, will l)e attracted by the light to the windows of

the room or into the smaller box, and there be easily cajv

tured." (liuU. Brooklyn Eut. 8oc.,i. \\?,.)

A writer in "The Entomologist" (London) finds that

coarse tufts of grass which are to be found in almost

every tielil "are very productive if cut round with a sharp

knife, lifted gently, and then inverted and shaken over

Bull. Brooklyn Ent. Soc., i. 17.
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paper." This work can be done in the autumn and early

spring, as the tufts are favorite hibernating places, Staphy-

linidse most commonly taking refuge in them.

Beetles may be kept soft and flexible so as to be sent

through the mail in boxes without being pinned and with-

out danger of breaking, by being prepared in the following

manner, as recommended by Mr. J. B. Smith. They
should be soaked for a week or more in a fluid composed

of 100 grams of alum, 25 of salt, 13 of saltpetre, 60 of

potash, and 10 of white arsenic dissolved in 3000 grams of

boiling water. This solution should be filtered, and when
cold add to every ten parts, four of glycerine and one of

methyl alcohol. {Psyche, iv. 140.)

Rearing Tiger and Ground Beetles.—Mr. F. G. Schaupp,

who had good success in raising tiger and ground beetles

from the larva, pursued the following method: For Cicin-

delse he made a box of wood (2x1^x1 foot), with openings

covered by glass and woven wire, such as is used for fine

screens, and filled it with sand half a foot deep, making
here and there a few miniature hills, and in tlie middle of

the box a valley, in which he placed a flat tin pan filled

with water, while at the two sides he placed pieces of turf

to represent a meadow. He fed the larvse with different

kinds of soft grubs, such as those of small Chrysomelids

(Criocerus asparagi and Diabrotica, etc.), and kept the

Cicindela beetles for over two months, when they mated and
dug holes in the sand ; in svch a box the eggs may be laid

and the larvae reared. For raising beetles from the eggs

he also used boxes of zinc, the two longer sides and the

cover of glass, the two smaller sides of wire cloth.* He
succeeded in obtaining larv* from Cncujus clavipes. He
fed the beetles and larvie Avith sugar-water, with which he

soaked small thin pieces of wood. The species of Cychrus

were fed on snails, but they also readily feed on the soft

* He also used empty tomato or fruit cans, with the upper edge
cut smooth and covered hy fine wire cloth, fastened by a cord or tin

Ting.
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grubs of wood-horrrs. *' C'arabus. ClilaMiius, and (Jalerita

are fed witli veal, and it is. very interesting to lock at the

twelve Ciirabns Jimhaius (six males and six females) while

devouring the meat, tearing and lifting it, all stiiuding

around it like the members of a poultry-yard around a

trough."* He bred DicceJus dilatalus from the larvte

by placing them in a bottle half filled with dry earth, wet-

ting it (hiily with three or four drops of watei'.

All the materials i)ut in the cage, viz., sand, earth, rotten

wood, moss, etc., should be baked or passed through a

bath cf boiling water to destroy any insect-life (eggs or

minute larva^) that might be present, and thus lead tq mis-

takes or result in injury to the creatures being 1)re(l. When
a sutKcient number of eggs are laid in the breeding-box

the beetles should be removed. The beetles, while in con-

finement, should be kept during the day in a dark, cool

place, and their cage should be placed during night before

the window in the open air, Cicindehe of course excepted.

The larva? of the latter must be reared singly, as they other-

wise would destroy one another. Also cover the box with

tin cloth and jilace it in a dark closet or large box, or else

flies and ichneumons will destroy them. The larva feed

for four or live weeks, while the pupa^ require for their

developnu-nt about ten days. The best food for C'icindela

larva? is bi-headed wood-boring grubs, which will not bite.

All remnants of food should be carefully removed from the

breeding-box, as any decaying matter is harmful. The
earth should be moistened only once or twice a week.

In raising Carabids, place earth in the cage in which tlie

young may burrow for protection from each other. A few

days after mating the males should be remove<l, and a few

days later still the females should be put in another cage.

* Bulletin of the Brooklyn Enfoniological Stx-icty, i. 2. "Sir.

Scbaupp sugijests that to procure food for carnivorous hxrxiv a
piece of meat be left for a while in the cajrc, with tlesh-tlics deprived
of their wings ; these will lay eggs, and the maggots will at once
hatch and serve as foot! for the larval beetles.
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as they will eat their own offspring, thus differing from
dung-beetles and carrion-beetles (Xecrophori), which take

great care of their young. By using very black earth for

the cages, the eggs and young larvae may be more easily

detected. As a matter of course, as soon as the larvae are a

few days old, each one should be placed in a separate box.

Clusters of eggs found under stones, boards, and leaves

may be also taken home and placed in boxes.

Rearing of Burying-beetles (Necrophorus and Silpha).

—

These are easy to raise. In a soap-box half filled with loose,

moist earth place pieces of poor meat and a dozen specimens

of Nficrophorus and Silpha. Cover the box with fine wire

cloth, and place it out of the way till the Avorst smell is

over ; it should be kept in the dark to prevent flies from
depositing their eggs therein. In two weeks there will be
plenty of larvae; soon after the pupae, and in two weeks
more the beetles may be found. The pupae are apt to be
infested, by small parasites which hide beneath the anten-

nae and legs ; to remove them, says Schaupp, take a very

fine hair-pencil, dip the point into benzine and touch the

parasite, which will become dizzy and can be easily removed.
As the larvte of Silphje are very voracious and cannibal-

istic, as soon as they are obtained they should be separated

as early as possible, placed singly in a separate small box
and fed with small pieces of fresh meat, sufficient for one
day's rations. On feeding them the following day, the
remnants of the former repast sliould be removed.

Rearing Wood-boring Larvae, Longicorns, etc.—For the
most part, says Schaupp, Lamellicornia, Longicornia, Elat-

eridfe, Buprestidae, and Curculionidte are comparatively easy

to raise, but care has to be taken that only specimens of the

same species are confined in the same box. Large boxes

should be used, so that large pieces of wood containing the

larva3 may be placed in them. These may be treated as fol-

lows : Take a piece of wood four cubic inches in size ; split it

in two, and make on the inside a cavity just large enough to

receive the grub and allow it to easily move in it, then fasten
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till' two lialvi's togi'tlKT with a stron<r rulibtT bainl. Slitrhtly

moisten tlie wood in tlic box twice a week, and if tlie larva

escjipes In' l)oriii<^ a hole throu<rh the wood, replace it in

the central cavity by filling the hole with a j)lug. Mr.

Siewers raisi'd the larva* of borers in tin or glass on wet

hard-witod or lutiilar sawdust ; he kejtt them for six or eight

months, changing the sawdust once a month.

Certain larva\ especially those of Lamellicorns and Ela-

teridiv, before transformation enter the earth. For such

species })lace some earth in the box. but not before the

larvse show a decided wish to go there by quickly boring

holes straight down\^ards ; for the earth in contact with the

moist word rapitlly forms a deadly fungus. Of course the

earth for the breeding-boxes must be thoroughly baked, so

as to destroy all insects, etc., destructive to the helpless

soft-skinned pupa? ; the larv;\3 and pujxe should also be

kept in darkness.

Rearing of Bark and Bast-boring Beetles.—Such insects,

especially Longuorns. lUiprcslid.-, Scolylida\ etc., may be

reared by cutting out with the saw and hatchet pieces of

the infested tree, with the bark on. about six inches square

and one inch thick. The castings and sawdust, together

with the larva\, should be placed under the bark. Several

pieces of bark tied together with the bast -sides opposite

will sometimes answer the purpose, but the better way is

to leave the larva^ in the wood until tiny are nearly full-

grown; then, in general, the transformations arc completeil

in about two weeks

Rearing Larvae of Dung-beetles.—These may be taken

home with a part of the earth above which they live and

part of the nearly dried and inodorous cow-drojipings under

which they liide. '* But here the greatest care has to be

taken not to overlook the very numerous small Staphyliuidje

and carabidous larva? that live with—or rather on—those

scarabaMdous larva\" *

* F. G. Schaupp in Bulletin Brooklyn Eiit. Six?., iv. 17-19.
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Cleansing Greasy Beetles.—To clean greasy beetles, etc.,

dip them for a half to a whole minute in spirits of am-
monia (liquor ammoniae), and wash them in water (the

hotter the better). A longer stay in ammonia and a care-

ful washing dissolves the verdigris on pins (John Hamil-

ton). Others soak them in benzine, but they should not

be left too long in it, as they thereby become very brittle.

Dubois removes verdigris from insect-pins by immersing

them in benzine for several hours. Primrose-beetles are

the only ones that the benzine bath can alter.

To Wash Old, Soiled Specimens.—Place the specimens in

a tin kettle three quarters filled with moist sand, to soften

them; small species should remain therein overnight,

larger ones for twenty-four hours; then wash them with

cold water, using a small stiff paint-brush, and if not suf-

ficiently clean apply soap, rubbing with the brush and then

washing them with cold water. On species of Trox, Lach-

nosterna, etc., covered with a layer of mud on the wings,

the soap should be allowed to remain for a few hours, and

then washed off with cold water (Bull. Brooklyn Ent. Soc,

vi. 24).

Collecting and Preserving Hemiptera.

This group of insects has been much neglected, though
no group will yield more novel discoveries than this. By
sweeping grass and herbage, as for beetles, in the latter

part of summer, large numbers occur which can best be

obtained in this way. Hibernating species are found under
leaves in hard-wood forests, and can be obtained by sifting

the leaves. The large carnivorous kinds are sometimes

found on bushes with caterpillars transfixed on their beak.

Aquatic species should be taken out with the water-net by

thrusting it suddenly under surface- swimming species, or

by pushing it among submerged grass or weeds where the

smaller forms may be lurking; several kinds occur under

submerged logs, sticks, etc.
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Fig. 27.3—Method of
pinning a bug.

Tlie soft-bodii'd species of Ajthis or {)I;iiit-lioe should be

preserved in alcohol, glycerine, or Canada

balsam. They should be carefully watched

for their parasites, aud can be easily kept

in slender glass vials, through which they

can be observed.

All the bugs should be {tinned througli

the distinct triangular scutellum, situated

in the middle at the base of the wings

(Fig. 2T6). The small, hard species of

leaf-hoppers should l)e pinned through the right wing-

cover. Various quadrupeds should be carefully examined
for lice, which may be preserved in alcohol, or mounted on
slides for the microscope.

Examining Live Aphides.— Mr. II .1. Slnck says tliat wIrii we want
livi' iipliidis to examine under tlie miero.'^eope in a vii,foroiiscoiulilion,

we nmsi liamile them with extreme gentlei.ess, or tlieir soft und deli-

cate bodies will he injured and the creature killed. Their .^lightness

of structure is. however, accompanied with irreat endurance of con-
ditions that would he quickly fatal to many siouu-r oriranisnis. 3Iost
insects woidd l>e rapidly killed by Immersion in paratline oil; but
youni; and vi-^orous aphides will often live for some time, and i>cca-

sionally for hours, in this fluid, such as is biniit in lamps. If two or
three of the insects are very carefully placed in a little cork cell,*

tilled with ]>aranine oil, and covered with thin irla.ss, they are in u
hr.ndy condition for examination. The residt of uunurous exix-ri-

menls made with the best American jietroleum oil, commonly called
crystal oil in the lamp slio])S. is that the siuvivals are very uncertain.
InU sutlicieiUly frecpient for the process to be well worth trvimr.
They keep pretty (juiel in the fluid, and it enabks liiLdier i)owers to

be used with conviMiience. A A inch obji'ctive, magnityini: about KK)
linear, with a full sized instrument, is very handy. " The illumination
sliould be varied; but one of the best ways is to u.se Inith an aihro
mafic condenser and a liiberkuhn. or little silver retleetor, at the end
oi" the objective. The larirest hole and (tntral stoji of the condenser
will trive a fine dark Lrround illumination. "When used in combination
with Ihe licberkuhn. it li-hfs up the inside of the object, while the
less transparent jiarls receive reflected rays from the 'silver .surface.

The siudent will tind a great many ca.ses in which this mode of treat-

ing a refractive and retleetive object produces the best results. The
eyes of the Aphis, seen in this way, are like half mulberries, and Ihe
little eye ]iri\jecting from the corner of the larger group is well dis-

* A vial-cork | inch in diameter cut across so as to make a disk
^ inch thick, with an oblong hole in the centre, and gummed on a
slide. The gum is not dissolveil by paralBne oil.
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played. Where the view of the compound eyes is a full-face one, the
darker pigment is seen so strongly that its true position is concealed.
A profile view shows the little lenses to be clear, like glass, and the
pigment to be behind them. (Knowledge, iii. (1883) p. 246.)

Peeseevation of Oethopteea.

Ortlioptera can be easily preserved in strong alcohol, and

may afterwards be taken out and pinned and set at leisure.

If preserved dry they can be killed with cyanide of potas-

sium, or ether, without losing their colors, as they would

do after remaining long in alcohol. They should be pinned

through a little triangular spot between the bases of the

elytra, or fore wings, when the wings can be spread to ad-

vantage. They are also often pinned through the right

wing, as in Coleoptera. In pinning these insects for trans-

portation, care should be taken to put in additional pins,

crossing each other on each side of the abdomen, and in

like manner to steady the hind legs, which are very apt to

fall off if too much jarred.

Peeseevation of Deagon-flies, May-flies, Caddis-flies,

Stone-flies, etc.

These net-veined insects of different orders, the young
of which frequently live in fresh-water ponds and streams,

should be pinned through the centre of the thorax; the

smaller and more delicate kinds immediately on capture

should be pinned in the collecting-box.

As regards the preservation of the dragon-flies, Mr.
Uhler states that " the large, brilliant green dragon-flies

{Cordidina), as well as tlie yellow, brown-striped Gomphinay
having the eyes wide apart, will furnish new species in

almost all parts of the country. In order to preserve

specimens in the neatest manner it is well to slip them
immediately when caught into jia^^er bags of suitable size,

first taking care to lay back the w iugs so that they will be

applied together, to prevent mutilation. These paper bags
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may be placed ]uo!«ely in u box carried for ibe j)iir{)ose. The
specimens can tlius be taken out at leisure, killed by applying

a camers-hair pencil dij)ped in etiier, chloroform, or ben-

zine to the inuler side of tlie body, and tiien s])read on the

setting-board. In most species the colors change after

death, hence it is important to make short descriptions of

tlie colors before killing the specimens. " The smaller, more
slender, and delicate Xeuroptera should be })inned directh'

in the collecting-box. .Many species are caught by a light

in the night-time, such as Poli/s/opchotes nebulosus and the

caddis-flies {XcKronid xcmifasciata, etc.) ; and a bright

light placed in damp situations by streams, etc., will attract

large numbers, the smaller species, like moths, being at-

tracted a great distance by light. Other species of this

group, so numerous in the Northern States, are found in

great numbers floating on lakes and |)onds. For the proper

study of the genera of these insects, and often of the

species, they should be collected in alcohol, so aj5 to be

studied in a flexible state.

The aquatic larva^ and pupa' can be reared in aquaria in

jars and tuml)lers, taking care that the weaker species are

separated from those more powerful and bloodthirsty. The
little Entomostraca, or water-fleas, serve as food for the

smaller s})ecies. With care many species can be reared in

this way; and so little is known of their transformations

that figures and descrii)tions would be of great valm\ The
interesting and varied habits of the dilTcrent families can

als.i easily be noted.

Preparation of May-flies (Ephemerae),—The wings of dried

specimens, says Kev. A. E. Eaton, in his monograph of the

group (page 3'2G), in some of the genera are apt to be com-
pletely shrivelled up. When such is the case, recourse

may be had to the following method of preparing them for

examination: The wing detached from the specimen is

flrst of all floated upon scalding water, and induced to

expand as fully as possible whilst it is floating. It is next
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taken up upon paper or a strip of glass and transferred to

cold water, and then sjiread out to dry upon paper or glass.

If upon paper, the wing can presently be separated there-

from by bending the j^aper away from it, and it can either

be mounted permanently as an object for the microscope,

or be placed temporarily for examination within a compress-

cell, care being taken to flatten it out by only vertical and

gentle pressure. If the result be then unsatisfactory, the

whole process can be repeated.

Collecting and Rearing Diptera.

For collecting flies, Dr. Williston states that June in

New England is the best season, so that April in the cotton

States, May. in the Middle and Southern-Central States,

would be the best time for those regions. In May and the

early part of June, beating will give excellent results. A
little later, patches of blackberry, wild cherry, dogwood,

Canada thistle (Cirsium), or other melliferous blossoms,

will afford desirable specimens. "It is better to let speci-

mens come to the collector than to go hastily about looking

for them. I have spent six hours about a patch of Cormis

2)aniculata not ten metres in diameter, and been amply
rej^aid. But few specimens are found in shady woods;

those few are to be sought for there. The favorite places

for Tabanidag, as indeed for most flies, are on the borders

of woods, open glades, meadow-lands, etc."

Dr. Williston advises the use of cyanide bottles of the

following description, as specimens collected in ordinary

cyanide bottles are worthless for scientific purposes. " I

select," he says, "several one- or two-ounce wide-mouthed

bottles of the same form, and carefully line the bottom and
sides with a good quality of blotting-paper. Good, firm

corks are selected which are interchangeable in the dif-

ferent bottles: in one of these corks a small hole is made,

in which it is better to fit a small metallic ferule; a strip
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of blottinf^-papor is then coiled within this cavity, and it

is over this tliat a few drops of a solution of cyanide of

potash is ponred."*

It is useless to collect tiles in a bare bottle; the insects

soon exhale moisture sufficient to ruin them. The blotting-

l)aper prevents this, and the cork can readily be removed

from one bottle and put into another when a sufficient

quantity of tlies is collected.! Moisture of any kind in-

jures flies.

'' In the earlier part of the season many rare specimens

of Diptera may bo obtained by beatinir. i^'or this purpose

I employ a rather heavier net wire, to which a pointed net

of cheese-cloth is attaclied. On such occasions it is neces-

sary to carrv with one a larger bottle wi<h a little cotton-

wool in the bottom for chloroform, and a vial of the latter

in the pocket to be poured into the larger bottle. By

thrusting the end of the net, with its contents, for a few

seconds into the chloroform bottle, one can then remove

the specimens undisturbed. Mik advises that minute flies

should be preserved alive in small bottles tilled with paper

clippings, through the cork of which a small glass tube is

thrust nearly to the bottle. For a collect iug-net. after

many experiments and failures. I have fouiul most service-

able a simple, rather light, brass wire, soldered together to

form a ring about 28 cm. (10-11 inches) in diameter, and

firndy attached to a light handle about one metre long.

The net is made of very coarse liobbinet lace, the most ser-

viceable and, in the end, the cheapest material. The net

bhould be readily handled with one hand.
" Specimens should not be allowed to remain overnight

unpinned. The large specimens may be pinned through

* Dr. Williston writes mo: "I notice th.it a good mauy collectors

now use s\uh a boltle for all kinds of insects."

+ "If one." sjiYs Dr. Williston in a letter. " is so situated that he

GUinot carrv a box to pin specimens in, he shonM put cotton-wtxil or

paper clippings (rice paper) in his cyanide iKittlc to prevent the shak-

ing about of pilose specimens."



286 ENTOMOLOGY.

the thorax, preferably with japanned iron pins.* They
should be placed on the pin only low enough so that the

head may be grasped with the thumb and forefinger without
danger to the specimen. The wings should never be
spread. Spreading not only renders the specimens more
difficult to study, but it spoils the natural appearance of

the insects, and is a positive injury to them for the cabinet.

All that is necessary is to push aside the wings so that they
will not conceal the abdomen. Minute specimens should
be pinned with fine iron wire from the under side, and then
pinned upon small strips of thin cork, the upper surface of

which has been covered with white pa23er, and through the

other end of which a pin is thrust. Small specimens should
never be glued to bits of cardboard, as is commonly done
with Coleoptera. Only one specimen should be placed on
the piece of cork.

" The greatest enemy to dipterological collections is dust:

insects can be guarded against, but it is difficult to exclude

dust,* unless tight cases are used. Dampness and mildew
do often much mischief.

" A good dipterological specimen must be unrubbed, un-

moistened, not dusty nor greasy, and with the wings un-

spread. It is quite as easy to collect good specimens as

poor ones, and much more satisfactory." {Psijclie, iv. 138.)

Dr. Williston writes me that for the collection of Bom-
'bylidae and similar hairy flies "my present custom is to

^m the fly while in the net, without directly touching it,

and then to remove it, and either kill it in the cyanide

bottlef or with a match, then pinning it in a box. The
specific characters of many Bombylids are in the hairs,

which are very easily rubbed off. It is almost impossible

to collect them iu a bottle and get good specimens."

In an elaborate paper J. Mik, the Austrian dipterist,

* Dr. Willistou writes me that he doe.s not like japanned pins so
much as formerly, as tbej' bend so easily,

f Dr. Williston prefers 1-oz. cyanide bottles.
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gives full (liivftioiis. in which the fliicf jioiiits are that they

must not be pimietl in the middle <lor.s;il line <»f the thorax;

and that they should not be killed with aleohol, while killing

with potsussic eyanide is not recommended.

Very small Diptera should not be killed when thev can-

not be immediately iiinned; too much material should not

be collei-ted in the net at one time; and hairy flies should

not be taken in the hand to pin, but handled with fine for-

ceps, while lac(juered-iron needles or lacquered-iron wire

should be used for pinning instead of common insect-pins

or silver wire (which contain coj)per and are therefore

liable to corrode); wire should be used for all flies under
3 mm. in length. (Abstract in Psyche, iii. 2'iG.)*

A(iuaria are necessary for the maintenance of aquatic

larva'. If (piantitiesof swamp-mud and moss with decaying

matter are kept in boxes and jars, multitudes of small flies

will be hatched out. Leaf-mining and seed-inhabiting

species can be treated as Micro-lepuloptera, and i-arth-in-

liabiting larvft like ordinary caterpillars. Dung, mould in

hollow trees, stems of plants and toadstools, contain numer-
ous larvae or maggots, wliieli must be kept in damp boxes.

Collection and Preservation of Hymenoptera.

These insects are exceedingly abundant, and especial at-

tentit)n should be paid to collecting the smaller sjwcies.

They should be pinned through the thorax, high up on the

pin, and those that are not hairy collected in alcohol. In

fact, as 7nuch depends on the study of the softer lurtj-i of

the nu)uth-appendages, specimens of each specii's so far as

* Dr. "Williston tells me that " Prof. Mik advises orvlinary sulphur-
matches Jo kill siMH'imons, ami the pnx-ess has some morit*'. tliou.iiU I
thiuk it is inferior lo a liiu'tl cyanide l>ottle. lie uses an oval tin Ih).\.

in which there is left an opening K'twcen theopiuisiiiLr cdLfs that will
admit a match. The tly is put in the Iwx, the inn'i h .»truck and in-

serted till the sulphur is consumed, then withiirawn and the cover
fully closed till the fly is dead."
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possible should be placed in alcohol, as it is difficult, if not

impossible, to examine the under lip, etc., in dried speci-

mens. The hairy species of bees should be pinned while in

the net. The minute ichneumon flies should be gummed like

small beetles upon cards, or preserved in small pill-boxes.

The nests of bees, wasps, and ants, and the young in the

different stages of development, should be collected, and
the latter placed at first in weak and afterwards in strong

alcohol.
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^lODE OF DISSECTING INSECTS.

The External Anatomy.—For this purpose aleoliolie

spcciniciis arc iinrssary, tlu' chii'f drawback lieiug that the

alcohol causes the muscles to so contract tliat the joints of

the palpi and other appendages may he retracted; specimens

kilK'tl with cyanide of potassium and then pla"ed in alcohol

may i)reveut contraction. With a lens mounted in a

holder, so that both hands can be used, the student can,

with a })air of fine forceps and a needle numnted in a hamlle,

remove the appendages of the niduth, the antenna' and leg?,

juid with a pair of fine scissors cut off the wings. For ex-

amining microscopictilly the ends of the antenna^ and palpi

to discover the external parts of the sense-org-ans, the ap-

pendages should be carefully cleaned and then soaked in

I'ltu (lcJ(ivi'U<\ or in dilute liquor potassa*, in order to render

the parts transparent. It should be borne in mind that the

liquor pt^tiissa^ dissolves the muscles, nerves, eti-. . leaving

only the external integument. The head with its append-

ages, the segments of the tiiorax. and the abdonu'U may in

most insects be dissected, the parts poisoned with corrosive

sublimate and gujumed to a caul, in the manner represented

by Fig. 1. hried beetles and other insects may be relaxed

by being jtlaced overnight on wet s;ind. or placed in warm
water, in alcohol, or in glycerine. Hairy or scaly insi*cts,

such as Lepidoptera. slu^uld be denuded with a stitT camcl's-

hair brush: this of course is necess;iry in examining the hcjid

of Lepidoptera.

The Internal Anatomy.—The dissection of the iTiternal

organs of insects is exceedingly ditVicult aiul nice work, re-

quiring delicacy of manipulation and untiring piticncc.
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The prince of entomotomists was Straus-Durckheim. Pro-

fessor Agassiz once told ns that it was Straus's habit, before

beginning his day's work, to eat a light breakfast and abstain

from coffee, so that his hands should not shake. Straus's

great work on the anatomy of the cockchafer and his

''Traite pratique et tlieorique d'anatomie comparative"

are models of what such work is and how it should be done.

The indispensable instruments for entomotomy are a flat

tin dish, with braces soldered within near the bottom to

hold down a piece of thin cork, to which the insect may be

pinned,* or a flat glass or porcelain dish, in which melted

wax has been poured; for microscopic dissection a large

glass cell a fourth of an inch thick, in which melted wax

has been poured. Other tools are delicate forceps, scissors,

straight and curved (also delicate spring-scissors, being a

pair of scissors attached to a long handle, with one blade

moving on a spring, we flnd very useful) ; needles of different

sizes mounted in handles, some of them ground to a knife-

edge, and fine narrow scalpels and eye-knives; also an in-

jecting-syringe, with fine points of different sizes, and

pipettes; though an ordinary liypodermic syringe will

answer. The beginner should select for his first attempt at

insect anatomy the dissection of a large locust, such as

Acryditim ameri<-anuin. or (Edipoda Carolina, or a katydid,

with the aid of the description of the internal anatomy of

Caloptenus on pp. 7-17. By carefully cutting along

*"In dissecting insects and other small forms one occasionally
experiences considerable difficulty in fastening the object in the dis-

secting-pau. Pius are inconvenient as they are in the waj', and
besides they frequently injure portions of the specimen. These diffi-

culties may, however, he avoided by partially imbedding the object,

in -wax or parnffine, which, however, should' not extend above the
middle line of the body. The jiaraffine and the embedded object may
then be readily fastened in the (lissectiug-tank, or, when it is necessary
to stop operations, the paraffine and object may be placed in alcohol.
(J. S. Kingsley in Science Record, il. 86.)

'

Prof. C. H. Stovrell
uses au empty blacking-box, tilled to the depth of about \ inch with
melted beeswax, in which while melted a grasshopper, etc., is placed
in the desired position, and the whole left to cool, when hard water is

poured in and the dissection begun. (The Microscope, iv., 1884, 277.)
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oacli side of tlio back with fim' scissors, tlie dorsiil por-

tion of the iute<jument can be carefully removed so as to

leave the inner cellular layer (hypodermis) untouched; tliis

should tlien be raised, disclosing the delicate tubular dors:il

vessel or heart. Below it lies the alimentary canal, which

passes through the middle of the body. The nervous sys-

tem can be seen upon removing the alimentary canal, as it

lies loosely on tlie floor of the lK)dy; but in order to work

out the ganglia in the head, it is better at first, with a

sharp, thin scalpel, to cut a well-hardened locust in two

longitudinally, the section passing through the brain and

subiesophageal ganglion. Indeed, a *'sjigittal" or longitu-

dinal section of a well-hardened locust or grasshopper can

be easily made, and when floated out in a shallow pan of

water and examined with a C'oddington lens attached to the

movable arm of the lens-holder can be studied and then

put away in a wide-mouthed bottle for future observations.

Mr. Fnink Cheshire h:us in his work on the honey-bee

given some useful hints on the dissection of that insect. In

order to dissect the sjilivary glands of a worker-bee, he

ado}>ted the following method:

" By insertinir a noedlc into the inoiUh of a workor-lx't', and pass-

ing it upwards, biliiiid Ilio front wall of the head, the latter may be
so opened that its s;ilivary (Vi irlands, in a partly broken eondilion,
may be ubiaiiied fur examiiiiilion; but if the attaclnnents and eiuire
forms an- to be i n vest i<ra ted, we must jiroeeeil as follows: Partly till

son\e shallow reeeptnele. .siu li as a pomatum-pot, or larsre i>ill-lK>x,

with nulteti lues vr paralhne wax. When t'old, w ith a hot wire melt
a little bath in the eeiure of the waxen surface, and llien in.sert the
liee we wish to dissect, so plaeini: in this cjisi- that one side of the
head is subnierired. By a second ajiplieation of tiie wire, re-melt the
wax in the neiirhborhuod of the iiead, usinir no n\<ire heat than is

neeess'iry to secure tlu>roiii:h adhesion, and now ettvir with water or
•rlyeerine. A powerful lijrht an<l a irin)d watchmaker's eye-gl.Hss

(secured nxnid theopenUor's head w ith a tape, w iieii it can be i>ushcd
up on to the forehead if not retpiired) w ill permit of reasonably jriKxi

dissection, althouirh, of course, better results can be rwielied by usinsr

a Stephenson's erecting binocular microsr«)pt—the instnmient with
which all the dissi'ttious for this work have bem ma»ie. The bee
thus securely held by the wax, lM)th hantls are Irie to manipulate.
Kow, with a needle knife oii:>de by heatinir a hune needle, beating it

flat, and afterwards sharpening upon a hour, and inserting into a
wooden hamlle) cut ctirefuUy round the comtx>imd eye, and lift it
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ofE. Curiously folded, and passing round the optic ganglion, we
have a long whitish body, which a facetious friend compared to ropes
of onions. It is one side of the system No. 1 of Siebold (Fig. 16).

Behind this, and extending from the top of the head downwards, we
find packed inimitably a second gland system (No. 2), con.sisling of
many pouches, joined by canals to a common duct, which maj'^ be
followed until it is discovered to enter another duct (6, Fig. 16),

running backwards and forwards in the body. Tracing this channel
towards the thorax, we see it enter, the neck, and immediately after
bifurcate or fork \e. Fig. 16). Following the line of one of the two
ducts, we come upon a reservoir (sc), leading backwards to another
gland system (No. 3), of singular structure, with two lobes, lying in

the front of the thorax on each side of the body. The position of all

these systems is well seen in Plate I. The operation here described
is not likely to be accomplished with one bee, and I spent many
days, and spoilt many specimens, before getting the glands in their
entirety, with their connections; but I have good reason for suppose
ing that these successful dissections are uni(iue." (pp. 74-76.)

Cheshire also examines the "stomach-mouth," as seen through the
transparent walls of the honey-sac, in the following way: "The
oesophagus, honey-sac, and chyle-stomach should be removed to-

gether (from a recently killed bee), and placed on a glass slip, the
microscope stage being made horizontal. No cover-glass .should be
used, but sufficient very weak salt and water added. The whole
object will exhibit, for at least fifteen minutes, muscular contractions
of a most instructive kind, while the gaping and snapping of the
stomach-mouth, and the passing onwards of food, is often noticed.
If the bee operated upon has just previously been fed with honey
stained with some aniline dye, the eifect is enhanced. By closing
the oesophagus I have frequently succeeded in getting not only food,
but even bubbles of air, gulped down into the chyle-stomach, and,
by carefully pressing upon the stomach-mouth witli tlie side of a
needle, the lips may be forced open, and food passed on into the
stomach beyond." (Bees and Bee-keeping, p. 66.)

Dissection of Aphides.—G. B. Bucktou says that " in the dissection
of Aphides much assistance may be often got by a selection of
liquids. Some of these are best suited for the purpose of hardening
the tissues, so that they may bear separation and tearing asunder
without their destruction. Others are used for coloring the transpar-
entorgans, so as to make them more visible. These organs of Aphides
are so delicate that pure water will in a great measure destroy them.
In such cases a weak solution of conuuon salt, or very dilute glj^cer-
ine, or sugar and water, or albumen and water, all of which should
nearly approach, tlie density of the juices of the insect, will be found
a considerable help.

" Some Aphides are so large, so full of liquid, and so charged with
oil-globules that some treatment is neces.sary to reduce their bulk,
and to allow of a suthcicntly thin stratum of balsam for mounting.
"In such cases the Aphides maj-be placed in spirits of turpentine,

and just raised to the boiling-point in a small test-tube. After soak-
ing in the turpentine for a few hours, uU the oil-globules will be
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removed, and tlif insect by tins treiitmeiit will liuve become trans-

parent, and the aqiieoiis parts will not then chill tlie l)alsjiin.

"To prepare Aphides for dissection, licpiids niav he divitled info

those tised for liardeinnjr the tissues and those employed for eolorinj;

the sjime. For iiardeidiifr. a diirestion for several liours in weak
ak'oliol will he of advantairc. Tiie alcohol uuisl not be too strong',

or the albuminous portions will be coagulated and become too

ojmtpie.
" Weak acetic acid will render some portions toiicrh, and the sjime

action is also well ellected by a weak solution of phosphoric or of

nitric acid.

"The action of ordinary etlnr upon Aphides is not well under-
stood. Their liodiesare speedily destntyed by plunirinir them into the

liipiid. At the same time a considerable stream of air-bubbles con-
tained in the trachea' ise.vpelled, and of such a volume as woidd lead
to the supposition that much of this air must be iu some state of
solution in the body-juices.

" The reaction of weak potash has been before noted. As a rule,

ihi' jrerminal matter resists its action for a considerable time.
Simultaneously this rcnirent usually stains it a l)ri<rht <rambo;Te yel-
low. In some genera (notably Lachnus and Dryobius) potash deepens
very markedly the vittlet dye natural to these A]ihitles. In other
cases 1 have found potash to evoke the violet shade from specimens
otherwise colorle.s-s. This dye is fuijitivc, and if discharged by an
acid cannot be again recovered by the action of an alkali. S<ida
and ammonia also bring out this color.

" Advantage may be taken of the fact that there is a certain order
in which the tissues resist the intrusion of a foreign matter such as a
dye. Thus the germinal and most vitally endowetl orgjins n-ject

dying by carmine, logwood, and such coal-colors as magenta; whilst
the portions in i)rocess of exfoliation and dicay ab.sorb it the
most readily. For such purpo.ses, weak alcohol may be made
slightly alkaline by ammonia, and tinged with a little carmine or
cochineal solution. Dilute chromic acid both tinges the tissues
yellow and renders them tough. Solutions of osmic acid also may
lie u.sed to advantage, and, in short, the usual riagents emi>loyed for
conducting minute anatom}- may be taken with liue circumspection
and temlerness.

" For labelling.specimens, paste will befouiul much more adherent
than gum The former may be ]neserved for some months in n
well-closed bottle, if a little atjueous .solution of corrosive sublimate
be stirred into it." ("^louog. British Aphides," iv. (ISi^^t pp. 19»-5.)



CHAPTER VIII.

CUTTING AND MOUNTING MCROSCOPIC SECTIONS,
AND MOUNTING INSECTS WHOLE.

After becoming familiar from careful dissections with
the gross or general anatomy of insects, and having per-
ceived the relations of the various viscera to one another
and to the walls of the body, the student is prej^ared to
appreciate serial microscopical sections of insects, or of

selected portions of their bodies. These can be made by
the aid of the microtome, and an insect whose integument
is not too thick can with this instrument be cut from head to
tail into several hundreds of slices from yJg-o ^o -5V0 o ^^^ ^^
inch in thickness. In this way tlie histology or fine anatomy
of the hypodermis, and the epidermal glands of the nervous
ganglia, alimentary canal, the crop with its teeth, the
stomach and intestine, etc., can be examined.

The following directions, which apply to soft organs, or
portions of them, of animals in general, have been taken
from Lee's ^'Microtomist's Vade Mecum,"* while extracts

from other authors, relating to special points, are added.
In order to prepare sections of entire insects, or of sepa-

rate organs, the insect to be studied sliould be first carefully

killed, and the tissues "fixed," then stained, finally washed
out or dehydrated with alcohol, and sections cut with the
microtome and mounted in balsam or glycerine jelly.

In general, larvae and other soft-bodied insects should be
killed by being thrown into weak or 50 per cent alcohol,

so that the body or the separate soft parts will not contract

* A. B. Lee's " Microtomist's Vade Mecura" (Loudon, 1885). See
also Whitman's excellent " Methods in Microscopical Anatomy and
Embryology" (Boston, 1885), Prudden's "Histology, "and especially
Stohr's "Lehrbuch der Histologic."
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too muc'li, aiul tlicii jiftcr, siiy, twelve hours tninsferrtMl to

strong, 90 ju-r rent, ami in some eases altsolute, alcohol.

After being transferred to 91) per cent alcohol, the specimens

should be again placed in fresh alcohol, in roomy vials not

too closelv crowded, and siiould rest on a mass of cotton

so as not to lie diicitlv oii the liottoiii of the bottle.

Fixation of the Histological Elements.—Two things, says

Lee, are implied by the word •• fixing;" first, tlie rapid kill-

ing of tlie element, so that it may not have time to change

the form it had during life, but is fixed in death in the

attitude it normally had during life; and second, the hard-

ening of it to such a degree as may enable it to resist with-

out further change of form the action of the reagents witii

whi«-h it may subsequently be treated.

The most convenient fixing agents are picro-sulphuric

acid (Kleinenberg's or Mayer's formula) and corrosive

sublimate. After treating the structure witii one of these,

it should 1k' washed so as to remove from the tissues all

traces of the fixing reagent. If corrosive sublimate, or (»smic

acid, or a solution into which chromic acid or a chromate

enters, has been used for fixing, the washing may be done

with water; but if picric acid lias been used, the wasliing

should be done with alcohol.

Dehydration.—As soon us the fixing agent is removed, the

"water of the tissues must be removed; this is done by plac-

ing the object gradually in alcohol, at first in 50 per cent

alcohol for two hours, TO per cent for six to twenty-four

hours, 80 per cent several hours, 95 per cent two or three

liours, and absolute alcohol time enough for complete

Siituration.

For insects, esju'cially. Mayer's fiuid seems preferable.

He prepares it as follows: distilled water 100 vols., sulphuric

acid 2 vols., picric acid, as much as will dissolve; filter.

As this fiuid does not diffuse very rai^idly through thick

chitin, Mayer directs that insects should be opened with

scissors, and the body-cavity at once filled with the solution

by means of a pipette. A large quantity of the solution
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should be employed in all cases, and it should be changed
• as often as any cloudiness arises in it. Washing-out is done

with 70 per cent alcohol, and warm alcohol extracts the

acid much more quickly than cold.

Embedding, Staining, and Cutting.—The water having

been completely removed, the object is placed in good

chloroform for a few minutes until saturated. The chloro-

form, adds Lee, is now to be gradually saturated Avith

paraffine. "This is done by placing it, Avith the object, on

a water-bath, heating it to the melting-point of the paraffine

employed, and dropping into it from time to time small

pieces of paraffine. AYhen it is seen that no more bubbles

are given off from the object the addition of paraffine may
cease, as that is a sign that the paraffine solution has en-

tirely taken the place of the chloroform in the object. This

displacement having been gradual, the risk of shrinkage of

the tissues is reduced to a minimum. The heating is then

continued (at the melting-point of the pure paraffine) until

the whole of the chloroform has been driven off, which may
be conveniently tested by the smell." The object is then

embedded in the desired position, and sections cut with the

microtome.

The sections, cut dry, are mounted in series on a glass slide.

To fix collodion sections in serial order, preparatory to

mounting, Minot advises their arrangement on the slide in

95 per cent alcohol. Then the alcohol is poured off, and

a drop of alcoholic shellac placed on each section (just

enough to cover the section completely). The slide is next

placed in the oven of a water-bath at 40° for a few minutes

(5-10), until dry. The sections are then ready for clarify-

ing in clove-oil, and mounting in balsam.

Another and perhaps better collodion fixative is that

tried by Schilllibaum, whose solution is prepared by dis-

solving one part collodion in three or four parts clove

toil, which is applied to the slide by means of a fine brush

at the time of using. The sections having been arranged,

the sli'le is warmed for a few minutes (5-10) in the oven of
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u water bath, in oiiIlt to evaixtrtite the clove oil. The
sections may next be freed from the embedding^ nui.^8 and

colored according to desire. CJage recommends that

the collodiim and clove oil be applied sej)arately.*

" Tilt' paratliiit' is now removed and tlu- sections are

stained, generally with l>orax-('armiiie. which two operations

are performed as follows: A series of glass tubes large enough

to hold a slidi' is tilKd with the following reagents, and

arranged in the following order: Turpentine (or naphtha);

absolute alcohol; !>U percent alcohol: TO per cent alcohol;

alcoholic borax-carmine; 70 per cent alcohol acidulated with

IICI; f»0 per cent alcohol; absolute alcohol. The slide,

having been warmed to the melting-point of the parattiue,

is plunged into the turpentine, which removes thei)anif!ine;

then passed through the tubes with the successive alco-

hols into the stain, from which it is brought into the suc-

cessive alcohols of the ascending scries, which wash out the

stain and dehydrate the sections. X(»thing more now re-

mains to be done but to treat the sections with a drop of l)en-

zol or tur])entim', and toadd Canada balsxim and a covering-

gltiss."

When the objects are small and sufliciently permeable,

the sections can be stained on the slide. " In this csise the

object after having been fixed and washed out is taken

wliile still on its way through the lower ah-ohols (it should

not be allowed to proceed to the higher grades of alcohol

before staining) and passed through a bath of alcoliolic

borax-carmine (or other alcoholic stain) of sutticient dura-

tion, then denydrated with successive alcohols, passed

through chloroform into parattine, and cut as above

described. " t

* See Whitman's Mothcnls of "Research in Microscopical Anatomy
and Enibryolosy, pp. V2l. Vi'i.

•flf the ol)jccIs liave aheady been soaked in clove-oil, or other
essential oil. fortlie jnirposeof cleariiiir. they may lii her beembeddett
direct from the clove-oil, or this may be removed by means of
chloroform, which is the better practice ^Lee).
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For staining, alcoholic cochineal (Mayer's formula) is

recommended for insects on account of its high penetrating

power, since the chitinous skin of insects is but slightly

permeable by aqueous solutions of carmine.

To embed an object, as a small insect, or portion of an

insect, make a little tray, box, or thimble out of paper,

which can be filled with melted paraffine, the paper being

removed before cutting; tbe cast thus made can be inserted

directly in the jaws of a Thoma microtome, or cemented to a

piece of cork which is held by them. Besides paraflBne, wax
and oil and naphthaline serve as embedding-masses. A bit

of soft tissue, says Prudden. may be embedded in a mixture

of equal parts of white wax and paraffine melted together,

with the addition of a sufficient quantity of olive-oil to give

the mass the j)roper consistence for cutting when cold.

Celloidin is also recommended for use as an embedding
material. It may be obtained of dealers in micro-supplies.

It is sold in the form of plates and shreds (the shreds

being more convenient for use) put ujs in ounce packages.

A saturated solution of celloidin is made in a mixture of

equal parts of sulphuric ether and alcohol (97 per cent).

This requires about twenty-four hours with occasional

agitation.

If the object to be cut is loose in structure or porous, it

should be transferred from strong alcohol to a mixture

of equal parts of alcohol and sulphuric ether and allowed

to remain for a short time, and then placed in a small

quantity of the celloidin solution and allowed to remain

until the celloidin has thoroughly penetrated the object.

If the piece is small, a drop of the celloidin solution may be

placed on one corner of a slightly greasy glass slide, and

the object set up in it with the face to be cut placed next

the glass. ]\Iore of the solution is dropped on to the object

until it is covered by a lump or pile of the celloidin; wllen

it has set sufficiently to allow it to be handled without dis-

placement, immerse the slide with its little pile of celloidin
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ill stron<ij aleoliol and allow it to remain until it is liartl

en(»iigh to cut, cliantfiii"; the aleoliol if lux-es^ary.

When ready to cut, place the corner of the ghiss slide over

the well of the microtome, with the object hanjring in the

well, and till the well even to the surface with the paraffine

emljeddiiiix mass. As soon as the paraf!ine hardens, tlie gla&s

slide can be easily removed with a sliding motion which

leaves the surface to be cut jtarallel to the surface of the

microtome.

Cut away the embedding mass of paraffinc in such a man-

ner that the front au<l back sides shall be })arallel and leave

enough to sup{)ort the object to be cut, and then slice with

a razor or the knife of the microtome. The parallel edge

of the first section adheres to the edge of the succeeding

section, and the series of sections can be removed from the

knife, placed in order on the slide, and secure<l in jiosition.

The superfluous parartine can be removed with warm tur-

pentine, and the turpentine with alcohol if it is desirable

to stain the sections on the slide.

If the piece to be sectioned is large, after treating with

the solution of celloidin it can be emlxnlded in a small

folded pajK'r box, as directed for embedding in paralVine.

As l)oth absolute alcohol and oil of cloves dissolve the

celloidin, in dehydrating use alcohol of JM! per cent, and in

clearing oil of berganiot, oil of sandal, or oil of origanum.*

Dr. 1.. Lowe's mixture for embeilding is the following:

(ielatine 1 i>art.

(Jlycerine 1 part.

Water 5 parts.

This is put upon the water-bath and thoroughly dissolved

and afterwards strained. After coloring the animal prep-

aration it is well washed with water and then submerged

in the gelatine at a temperature of not more than 122° F.

* Contributed by N. N. Masou. Esij.
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At this temperature the preparation remains until it is

completely saturated with the gelatine (from 1 to 3 days),

and is then taken out. A piece of hollow pith or several

pieces side by side are cut flat upon one side and the

preparation laid upon it or them, the gelatine being-

dropped upon the latter so as to cover the preparation and

fix it to the pith. After cooling for a few minutes the

whole is placed in absolute alcohol, where it is to remain

for a few days, the longer the better, and it is then ready

for the microtome. The microtome having been filled with

melted wax, the preparation is immersed in it. After

cooling, the wax is cut away so that the knife does not

come in contact with it in cutting. Before making each

section a drop of oil of cloves is applied to the preparation

and the subsequent cut is ready for the slide. Mount
using dammar or balsam in benzole, or, better, clear

balsam.

Mounting Sections.—The process of mounting is simple.

After the slices are arranged on the glass slide, a little balsam

or glycerine jelly is placed on the objects, the slide being

held over the flame of a candle so as to slightly heat it and

drive off the fluids as well as to liquefy the balsam or jelly,

and then a thin cover-glass is placed over the object, and a

covering of Brunswick black varnish placed with a brush

around the edge of the cover-glass, to prevent the penetra-

tion of air or leakage of the fluid within, and allowed to

dry for a day or two before being used.

Dr. Kingsley states that one great difficulty in rapidly

mounting in glycerine is in fastening the cover-glass

firmly. " Various modes of procedure have been described,

possibly the best the writer has seen in print being that

which employs paraffine. A still better method is to use a

very small amount of glycerine, so little in fact that when
the cover is applied the margin of the glycerine does not

reach the edge of the glass. Then, with a fine brush, balsam

or dammar dissolved in benzol is allowed to run in under

the edge of the cover-glass, and after becoming hard the
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sii])erfliious hal.sani is clcam'il oif, and tlic slide finislied in

any (Irsircd jiiaiiiRT. " (Scjciict' iit'conl. ii.. iSH'.i, 17.)

To Render Small Insects or Larvae Transparent.

—

\\liile

some dii)terous and hynieuopterous larvit are naturally

transparent, the nervous system can be more clearly brought

out by the use of acetic acid, which can be dr(i})])e(l on the

object while in the animalcule or live box or on the glass

slide.

Glycerine or glycerine jelly is an excellent article for

rendering the body transparent, and can be used in observ-

ing living Aphides and similar insects, as it renders the

chitinous integument more transparent.

Dr. Looss has found that a solution of sodic h}']')ochlorite

{eiiK (le I^dbarvaqvc) of the druggists, or of potassic hypo-

chlorite {enu de Javvlle), is a fine solvent for chitin in

making microscopical preparations. " Tlie liquid, as

bought, com]>letely dissolves, when heated, even the solidest

and hardest chitinous parts of insects in a short time, first

making them glass-like, transparent, and entirely colorless.

If the liquid is diluted with six or seven times its volume

of water, and the chitinous parts, either fresh or after they

have been hardened, are put in it for twenty-four hours, or

even longer according to size, the chitin will be altered,

although not noticeably externally; it loses much of its

original brittleness, and above all things is more permeable

to staining solutions. The objects require for complete

staining greater or less time according to size, but tlie

coloration is beautiful and distinct with either alcoholic or

aqU(>ous staining reagents. In our institute IVdiculidiv

and ^[allo])haga have been pre]>ared by this methtnl which

show, besides their transparency, complete and clear colora-

tion." {Tsiirhe, iv. 38G.) This fiuid may also lie used to

make the eggs of insects more transparent.

Mounting Transparent Aquatic Insects.— ^fr. 0. TiUgger

describes a new method of }>reserving and nii>nnting trans-

parent aquatic insects for the microscope. For observing

them while alive a common life-cell is all that is required.
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but for permanent preservation he mounts them in a neat

and very useful cell devised by Dr. T. Taylor, which is

easily made of common beeswax, and can quickly be built

up to any desired height. " To make the cell harder, and to

raise the melting-point, a slight amount of powdered resin

is added. Both materials are heated together in a small

porcelain dish, so as to thoroughly combine them into a

homogeneous mass. If required for use, the dish is simply

heated, and the cell is made in the usual way upon a turn-

table. Since both turn-table and slide are colder than the

wax, the cell becomes visible at once, and, by repeated

applications with the brush, it can be made of any required

depth. If too high, or if too sloping towards the centre,

the wax can be readily removed upon the turn-table by the

application of a knife; a groove for the reception of the

cover-glass is also very readily made. The cell is now ready

for most purposes, and is an excellent one for mounting
with glycerine jelly and Canada balsam. If another ma-
terial—oil, for instance—is to be used which would dissolve

the wax, the inside of the cell should first be coated with

any of the usual varnishes, such as Brunswick black. The
same varnish should also be used from the outside to seal

the completed and filled cell. I have found such cells of

great utility in enclosing aquatic larva?. To do so satisfac-

torily. I make with a knife a shallow cut across the cell,

and fill the latter with water in which tlie larva to be pre-

served has been placed. By gently pressing down with a

cover-glass, I can secure the still living specimen in any
desired position. Now I remove with a piece of blotting-

paper a very small quantity of the water through one of the

cuts previously made, and allow at the other cut the pyro-

ligneous acid to enter. As soon as this acid has reached the

larva, this dies at once in the position occupied at the time.

The cell is now sealed in the usual way; but previous to

doing so the sides of the two cuts are pressed together.

" Specimens thus treated remain unchanged for a long
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tinu"; for how lon^ I do not know as yet, l)ut possibly for

an indt'llnite timt', if not exposed to the sunli^'ht."

*' With this nietiiod of preserving; transparent aquatic

larva' can be combined tlie staining of them at the same

time. For this purpose auiline-blue or fuchsine sliould be

used, which are soluble in water. One part of the color,

dissolved in 200 jjarts of distilled water, is mixed with 800

l)arts of the rectified pyroligneous acid. The modus
ojU'i'andi is the same. In the course of several h<nirs the

object has become uniforndy stained, and can be sealed

after the addition of another drop of the acid. If stained

too dark, a current of the diluted acid will soon remedy
this fault." (Proc. Ent. 8oc. Washington, i. inl.)

Transmission, Preservation, and Mounting of Aphides and Similar

Insects. -G. H. Uiicklon irivis tlic ri'sulls df his cxiu rit-iu-i- a.s to the

hcst mode of triuisniilliiiir liviiiLr Ajihides. niui also the best method
for killini: and preservinir .similar iiisefts for future e.vamiiialion.

As to tiausinissioii, the ehief tliiii-r to he i^uarded airaiiist is de.<ic-

eatiou, and no phiii seems to he so succe.ssful as their enclosure in

ordinary quills slojipi-d Ity i>lu!rs of cork i>r i^ellet< of heeswax.

'I'he substance of the (piill is sullirienlly jiorous to jjreveiil mildew
on the one hand and a rapid evaporation on the other. In this way
small insects may be sent through the post, and in a far Julter con-

dition than can be secured in any tin bo.\es, even thouirh they be

tilled with leaves. If a slip of st)me succulent leaf be rolled round

each (piill, to retain moisture, a Ituinllc \vill Kinveiiiently pass

througli the i>ost

For i»reservation (other than on a slide) the best plan is to drop the

insects into small llatteiu-d irlass tubes partially tilled with a suitable

liipdd, then draw the tube to a line point, break the end olT, and
warm the empty space (or, belter, expel the air by a i>ump*, aiul the

tubi can be entirely tilled with litiuid, and then sealeil with the

blow-pipe.

For mountinsr microscopically, live or a dozen spots of lluid Can-

ada balsam should be dotted on a slide from the head of a \m\, and

by means of a hair-pencil as many livin<x insects tninsfi-rred to them.
" The specimens at once adhere, and if the spots are small the insects

spread out their limbs naturally, with a view to escape. They may
be fixed on their backs or otlierwi.se. accordinir to ihf views desired.

" A very thin glass cover, or, if very high magnifying i>owers are

wanteil. a small disk of clear mica, is laid over the insects, aud theu
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one or more drops of the fluid balsam are delivered from a glass rod

.at. one of the sides of these covers. The balsam ruus slowly uuder

by capillarity, and it drives all the air before it, the small weight of

the cover assisting it to spread, until the whole area is tilled. No

pressure is to be used, or the elastic bodies of the Aphides will change

shape; and besides this, the juices will be forced through the corni-

cles and pores. If the balsam is thick, a very gentle heat, hardly

exceeding that of the cheek, may be applied, but as a rule the tem-

perature of a room is better than that which exceeds it. The insects

die immediately if they are cut off from air, and in almost every

case their position will be good for examination. To spread the

wings of a small insect, the above-mentioned small dots may be

spread in a row. The belly of the specimen is applied to the middle

.spot, and by a bristle one wing may be applied to the dot on the

one side, and the other wing to the third dot. The cover is then

placed as before, and when the balsam runs in it will not disturb the

position of the spread wings.

"It will be noticed that very soon after live insects have been

mounted in a resinous substance that will not mix with water, a

white cloudiness forms around each specimen. This is caused by

the watery juices of the insect, which ' chill ' the medium and make

it opaque.
" This cloudiness, however, entirely disappears after perhaps a

mouth, the moisture being carried slowly onwards. The siime is

to be said of stray air-bubbles. The oxygen of the air jinites with

the balsam, and thus hardens it; but what combination is effected

with the nitrogen is not so clear. However, air-bubbles in balsam

disappear in time, provided the former is not in too hard a condition.

" In cases where the above small pressure is undesirable, small

circles, cut by round punches of different sizes out of very thin sheet

lead, will be found more convenient to insert between the glass slip

and its cover than circles of card, which are sometimes recommended.

The thin sheet lead from the Chinese tea-chests is very suitable for

punching, and as it is not porous like card it yields no air-bubbles

b}'^ heat.
" D. Von Schlechtendal * has described a method by w hich it would

appear that all the characters of form and color (?) may be preserved

in Aphides and other insects. The method consists of a rapid death

and drying of the insect by means of a current of heated air. The

Aphis, previously attached to some suitable support, is suddenly and

momentarily subjected to the heat of a spirit or other flame, by

which it is immediately killed and caused to retain its natural posi-

*Entomol. Nachrichten, iv. p. 122,
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tiun. Sevriiil ixainplis hit IIum ninfii^ly roasted in n ciirrtirt of hot

air, such as that itassiiii,' throu;,'h an iiulincil jrhiKs tulx- duly made
hoi, or (hied on a sheet of paper iiiov»'d over a heateil metal i)late.

" Wiieudrv, the specimens are mounted on card h}' attachment with

pim trairacaiith; or, as Mr. J. W. Doufflas su^'^ests, more conven-

iently on iiuca, (ailed 'talc' in the shops, which, as it is incombusti-

ble, is well suited for a supiH;rl both l)efore and after dryiu{^.

" This method is vouched for as good by Drs. Giebel, Tasc-heuberg,

A[ayer, and Kudow.
"I have not tried this roasting process, but it must re(iuire some

address to prevent the shrivelling of wings in such delicately-formed

insects, and to provide against theburstingaction of the boiling juices.

"A more complete hi.story of the prcjcess than the foregoing wiis

given by .Mr. Douglas in 1878.

" yi. Lichtenstein has many limes l>een good enotigh to forward in

letters to me prej)arati»)ns of Ajihides which have been secured be-

tween two films of mica. The insects, lie e.\i)lains, are immersed in

a solution of resin in turpentine, 'a natural aml)er,' and, when all are

in due position, the mica lilms are i)laced over apertures in cjird, and
then gummed papers, similarly perforated, are pres.se'd u|M>n them.

'I'his arrangement secures :dl in their jilaees.

"Methods and openitions in .science, like events in history, repeat

themselves. Fifty years ago tilms of ndca were used tocover objects

for the microscope, and before the manufacture of the thin glass now
so commonly used it admirably answered its jniriMKse. Under deep

niugiufying p(Twcrs, such as ,'5 in., it will be found even now of

great service. The ininend may be split by the lancet into lilms

much thinner than glass can be blown in a Hal stale, t^mall un-

scratched pieces may be selected which are perfectly tniusparent, and

their cost is (juite trilling.

" On account of the high refnicting jwwer of Canada Imlsam, the

colors of recently-immersed Aphides show themselves very brightly;

and it sometimes Inippens that tints, (juite lost througli irnuliation or

glance on the surfaces, become distinct by Ireatmenl with this resin.

'• Tlie bright coloi-s and markings of s<mie species are due to the hue

of the internal juices of the insects. TIk^sc cannot be j>re.servcd by

balsam, but it is otherwise with the pigments which slain the some-

whal horny coverings of the thora.x and abdomen. The.<e colors are

persistent." C'^Ioiiog- Hriti.sh Aphides," iv. (lSS:b pp. lS8-93.^

Thomas W. Starr's Method of Preparing and Mounting, with Pressure,

Insects Entire as Transparent Objects.*—Afu r pre uring the iiiMi t,

* This, with the three following notes, were kiudlv communicated
by "NT. X. :Slnson, Estj.



306 ENTOMOLOGY.

place it under a tumbler with a few drops of ether. When dead wet

it with alcohol and place it in 'liquor potass*,' U. S. P., and let it

soak until the skin is soft, and until on slight pressure the contents

of the intestine can be pressed out through the natural or, if neces-

sary, an artificial opening. This is best done under water in a white

plate.

When this is elfected the object is to be cleaned. Have a camel's-

hair brush in each hand; with one hold the object, and with the

other brush every part of the insect on both sides, float it on to a

glass slide, and dispose each part in a natural position, either creep-

ing or flying. Cover this with another glass slip of the same size

and press gently together, using only sutt^icient force to make it as

thin as possible without crushing or destroying it. Confine the

glasses with the insect between them with a fine brass wire, and

place them in clean water to remain 24 or 36 hours; this will give the

insect a position which is not easily changed, and it is therefore

proper that the position be such as you desire when the insect is

finished. Remove the wire and open the glasses carefully under

water and float the insect off, give it another brushing, and let it

remain a few hours to remove the potassa. Transfer to a small but

suitable vessel containing the strongest alcohol that can be obtained,

pursuing the same course as with the water, placing the specimen

between glass slips tied together, and let it remain about 34 hours.

Transfer to a vessel containing spirits of turpentine; it is to remain

in this, kept between the glasses, until all the water is removed.

While in the spirits of turpentine, the insect is to be released several

times, and the moisture removed from the glasses, and the insect

again confined. When no moisture is seen to surround the insect,

heat the glass slips containing the insect over a spirit-lamp until the

contained turpentine nearly boils, when, if any moisture is present, it

will show its presence when the glasses are cold.

If free from moisture it is ready for mounting. Float it onto a

suitable slide from the turpentine, drop a sutficient quantity of bal-

sam upon it, examine and see that no foreign substances are present,

heat the cover slightly, and apply in the usual way. After a day or

two heat the slide moderately and press out the surplus balsam, and

place a small weight upon the cover while drying. After the lapse

of a suitable time, remove the surplus balsam and clean the

slide.

In all the operations the utmost cleanliness is essential. The
liquids used should be frequently filtered and kept from dust, and a

large share of patience will be found necessary.

After sufiicient time has been given to allow llie balsam to harden

so that the cleaning will not displace the cover, remove the surplus
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from around the cover-glitss with a wuriu knife, and then moisten a
soft lootii-bnish with a luixtme of ei|ual parts of aholiol and aqua
nniniouia, and a sli>,'hl rubbing will clean the slide with very little

danger.

After removing the superfluous balsjim and cleaning the slide,

finish by spinning a ring around the cover with the cement made from
the following formula:

Gum dammar. 75 grains.

Gum mastic 45 "

Canada balsam, evaporated to dryness 45 "

Chloroform lyo "

Spirits turpentine 100 "

Mix and dissolve.

Method of Preparing Minute Entomostraca, Mites, Spiders, Insects,

etc.
— '"The specimens shoulil be killetrby adding a few drops of

osmic acid to the water; when they fall to the bottom they are to

be tjikeu up and placed in alcohol of 30 per cent, from which they

are to be transferred to alcohol of 50 per cent, then to cochineal

solution in 70 per cent alcohol, then washed repeatedly in 70 per
cent alcohol, then placed in 90 percent alcohol, and finally in absolute

alcohol. Then a .small ([uaiiiity of oil of cloves is jwured into the

alcohol, and at the line of juncture of the two licpiids the specimens
become permeated with the oil. They are then to be transferred to

clear oil of cloves, and linally when perfectly clear mounted in Canada
balsam, or embedded in paraffine and cut into sections. By this

method specimens can be obtained with absolutely no shrinking of

the protopla.sm." (M. M. Ilartog, Journ. Royal Micro.scopical

Society, London.)

Carbolic Acid in Balsam Mounting.—Put the living insect into

caibdlic acid:* this in a few minult-sf dears the object, rendering it

transparent and ajiparently wholly destitute of viscera, but exhibiting

ciearl} the sexual organs. Drain oS. the supertluous acid and mount
without pressure in moderately thick balsjim. The acid does not

harden the object, but it remains perfectly flexible for a long time.

(C. M. Vorce, Science Gossip, June, 1880, p. 139; also Jour. Hoy.

Micr. Soc. 1S81. 139.1

Killing and Preserving Insects.—Mr. G. W. Vickers approves of

Mr. Vorces method stated above, and describes his own mode of

procedure. " Place a drop of the [carbolic] acid (pure crystallized

Liquefied crystals.—N. N. M.
\ Some insects should remain for a day or more.—N. X. M.
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with just sufficient water added to keep it tluid) on a slide, and drop
into it the living insect; it will be seen to struggle for a second or

two, then the limbs, wings, and tongue become extended; it then
becomes beautifully clear and transparent. The acid should now be
drained awaj', a drop of balsam put on, the cover applied. ..."
(North. Microscopist, ii., 1882, 227.)

Bleaching Fluid for Insects.—W. Sargent recommends the follow-

ing: Hydrochloric acid, 10 drops; chlorate of potasli, idr.; water,

1 oz. Soak the insect in it for a day or two, then wash well. (Journ.

R. Micr. Soc, 1883, 151.)

To Clear Objects for Balsam Mounting.—Dr. J. J. Mason uses a mix-
ture of carbolic acid, oue part, and oil of turpentine, four parts,

mixed. When the object is perfectly clear, drain olf the s\iperlluous

mixture and mount in balsam.

Mounting Insects in Balsam without Pressure.—Mr. H. Chadwick
gives the following directions :

Preparation.—I. Soak the specimens in liquor potassse until they
are trau.sparent. Wash well in distilled water, using a pipette and
camel-hair pencil. Transfer to 50 per cent spirit, then to a small

quantity of pure spirit in a watch-glass or soaking-bottle, and allow
them to macerate. By this method the formation of air-bubbles in

the interior of the specimens may generally be avoided.

II. Wash well in distilled water. Soak in pure spirit or alcohol

for some days. Transfer to carbolic acid until sufficiently trans-

parent. Then transfer to oil of cloves, but many persons do not
consider this necessar3\ This method should be used in all cases

where the integument is too opaque to allow light to pass through
it before treatment, and it is especially useful in the study of the
muscles.

Mounting.—Take a clean 8x1 slip, having a sunken cell in its

centre. Just inside the edge of the cell, equidistant from each
other, cement three white glass beads with hardened balsam. Put a
small quantity of soft balsam in the centre of the cell, and gently
warm it over a spirit-lamp. Take the object, a wasp's or blow-fly's

head, for example, and place it upon the previously warmed balsam,
arranging it in the required po.silion. Now take a clean cover-glass,

the diameter of which should be a little less than that of the cell, and
holding it between the points of a pair of forceps, place a large drop of
balsam in its centre, and allow it to fall upon the object. The edge
of the cover should rest upon the three beads. If the quantitv of
balsam under the cover-glass is not sufficient to till up the whole of
the space between it and the .slide, a little more must be allowed to

run in, and if the object has becfime displaced, it maybe rearrano-ed

by means of a fine blunt needle, introduced beneath the cover-glass.
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A clip should he used (lining llu- liisl opcratiitiis, l)ut only to prevent

(lisplacenu-nl of llu- cover. The slide must now he put aside in a

warm i)lace, imlil the halsam is hard enough to alh-w the super-

fluous portion to he removed safely. Sulhiient lialsam should he

left to form a .slopinu; ed^e around the eover-^^la.ss, and it .should he

hardened for a few days after cleauini^. Be sure that the halsam is

(piitt hard hefore applying hrown cement. The ease with which an

ohject can he rearranged, or a chance air-])ubhle removed, without

disturbing the cover-glass, constitutes the chief advantage of using

beads. A s»ipi)ly of dill'erent sizes should be kejit, and the size used

must be regulated by the thickness of the object. Pure balsam in

collai)sible t. bes is to be strongly recommended, on account of the

nicety with which the quantity of bal.sjim required for mounting a

slide can be regulated. The neck of the tube should be wiped with

a clean cloth moistened with benzole before the screw-cap is re-

jdaced, in order to prevent the jio.ssibility of a little balsam harden-

ing in the screw, and so prevent the easy removal of the cap when
next rerpiired. (Scientific and Literary Gossip.)

Preparing and Mounting Dissections of the Appendages, etc.—A. C.

Cole's nifiliiMl ill dialing with llu- paris <if >pidtrs will al.-o apply to

insects. The spinnerets, legs, and falces having been respectively

removed are placed separately in lii]. \h)\. for "iA-'M hours; then

soaked in water to remove the pota.ss ; then placed in acetic acid (in

which such parts of insects, etc., may always be preserved until re-

tpiired for mounting); then again soaked in water; then placed in

strong alcohol for a short time; then cleared by nu-ans of oil of

cloves, and, lastly, transferred to turi>entiiie, and mounted w ithout

]ires.sure in cells (Studies in Microscopical Science, III. sect, iv.)

Mounting Minute Insects and Acari in Balsam.—>Ir. A. 1). Michael

describes his i>ro(ess as follows: He lir.'^t kills the creatures in liol

water or spirit. Hard in.sects and Acari are best killed in hot water,

which causes them to expand their legs, but water rather injures

niiimie tlies. and spirit is better for them. Next wash the t)bjects

thoroughly in spirit and clean will; a badger's h;iir, clean me-
chanically and by wasJiing in spirit. Place the object on a glass

slip and arrange it with the hair, leave it in spirit for such a time

as experience suggests, tilt the slip so as to drain oil the spirit, hut

not to dry the object, which should never be allowed to dry from the

first process to the tinal mounting. Having drained oF th«' spirit,

dro]) on the object a little oil of cloves, which is better than tur|>en-

tine ; slightly warm the slide and put on a thin cover-gla-ss, which
must be supported so as not to touch the objc* t ; leave it until

thoroughly soaked. If necessary, remove to a clean slip for the

final mount. It may be uecessury to arningc the object more than
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once. Drain off the oil of cloves and put on a small quantity of

Canada balsam, or preferably balsam and benzole. Arrange the

creature on the centre of the slide. Let the balsam harden a little,

then the object will not float otf, as happens sometimes when a

quantity of balsam is used at once. Lower the cover stiaight down
on the object ; do not try to drive out a wave of balsam as is recom-

mended in the text-books. It is better not to put enough balsam at

first to fill the space under the cover, as the balsam supports the

cover if it does not reach the edge; but if the balsam reaches the

edge of the cover it is apt to draw down the cover and crush delicate

objects. A few pieces of thin glass to support the cover are a great

protection to the object, or better still, a few tiny glass beads.

Finish the slide with a ring, Bell's cement or something of the kind,

but that must not be done unless the cover be supported in some
way. (Journ. Quek. Micr. Club, i. (1883), pp. 341-3.)

Sections of the Brain.—In studying the brain of insects it is better

to begin with that of some of the lower forms, such as the cockroach
or locust, as thej^ are on a simpler plan than that of ants, wasps, and
bees. In the sections of the brain, made b}' Mr. N. N. Mason in

1879, it was thought better to cut the entire head so that the mu.scles

and integument should support the soft parts within, including the

brain. The head therefore was cut with the microtome into .sections

from 5^^ to YoVo i'lch in thickness, after having previously been

hardened in absolute alcohol for two days or more, and then kept in

melted paraffine for one or two or more days. It was then embedded
in a preparation of paraffine, sweet oil and wax, or, in some cases, in

soap. After the sections were cut they were stained with picro-

carmine, or with osmic acid and picrocarmine. Finallj% the slices

were mounted in glycerine jelly for study under the microscope.

The sections were in most casesfrontal ones, namely, cut transversely

from the front of the head or brain backwards, while a few were
longitudinal (vertical or sagittal) ones, viz., cut parallel to the median
line of the body.

M. H. Viallaucs, in his work on the brain of the locust ((Edipoda

and Caloptenus), published in 1887, describes his method as follows;

He separates the head from the living animal, then with the scissors

removes the labnun and mouth-parts and all of the integument be-

hind the compound eyes. He then removes the muscles of the man-
dibles, the tracheae and fatty masses, in order to expose the posterior

aspect of the brain.

He then plunges the head thus prepared in a vessel containing the

following solution: Distilled water, 100; osmic acid, 0.03; acetic

acid, 0.50. At the end of a few minutes the brain is of a consistence

sufficient to allow the dissection to be finished without fear of
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clijingiug its shape. He theu allows the reagent to net ui^ju the

brain, carefully isolated, until it assumes a deep gray lint. It is

theu soaked sevenil hours in distilled water, but umy be fixed by

treating it sueeessively with alcohol diluted one third, alcohol at 70',

and alcohol at 90 . Pieces were thus obtained very evenly impreg-

nated throughout their entire mass with osmium.

In most crises he colored the nuclei by placing the i>iece some
hours in carmine and alum decidedly acidulated with acetic acid.

On being taken out of this stain and wa.><hed, the brain is dehydra-

ted, eniludded in parattinc, and cut into .sections ^Jq mm. in thick-

ness, and mounted serially. Besides frontal, lateral, and siigitlai,

oblique sections were made.

Signor G. Cuccato, in preparing the brain of Orthoptera, snips off

the head of the insect with a pair of scissors, and pins it on cork.

Thus fixed, the head is immersed in 0.75 per cent NaCl solution.

Then, with the aid of .scissors and forceps, the chitinous sheath and
the eyes are removed from the supra-a-.sophageal ganglion, and the

specimen removed to a watch-glass full of .sjdt solution, wherein the

trachea' and muscles are removed. After a short time the object is

placed for forty-eight hours in Flemming's mixture, and theu, having

been well washed, the rest of the mu.scles and the fat are removed
from the g.inglion. It is next put in 36 i>er cent spirit, and gradu-

ally hardened. After dehydration it is embedded in panitline. The
sections were lixed down by Mayer's method, and stained with a

s;ituratcd watery solutit)n of acid fuchsin. The tixative used was
Rabl's solution (chromo-formic acid and platinum cbloride).

(Journ. Hoy. Ali<r. S.u-.. Dec. ISs;. p. \04~t.)

Preparing the Sympathetic Nervous System of the Cockroach.—Dr.

M. Kosticr pursued the following mode in examining that uf IVri-

phtnetii urieidalia:—The fresh jiarts of the inse'Ct to be examined ^^ere

held over osmic acid for two or three minutes, washed, and trans-

ferred to weak alcohol. They were then stained with picro-carmine

for twenty-four hours bcneatii the bell-jar of an air-jnimp, and were
found to be perfectly hardened. When ail traces <)f alcohol bad

been removed by washing they were placed in liltcred white of v^g.

At the end of about two hours the albumen W!is coagulated, tirsl

by weak and then by absolute alcohol, warmed to 40 C, so as to

bring about as even a coagulation as po.ssible. The object oin tluii

be treated in the usual way with oil of cloves, embetlded in parafline,

and cut with a microtome. (Zeits. filr Wi.ssen. Zoologie, xxxix.

1883. 57i ; also Journ. Hoy. Micr. Soc, 1S85, ."^^S. i

Makings Sections through and Bleaching the Eyes of Insects.—Dr. S.

J. Hicksons method is as f(.>llows-. '• For m:iking sections through

the eve of }fut^a tvmUoria 1 have found it best to dissect awav the
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posterior wall of the crauium of the fresh insect and then to expose it

to the fumes of 1 percent osmic acid solution for forty minutes, then

to wash in 60 per cent spirit for a few minutes, and tinally to harden

in absolute alcohol. Crania thus prepared may be cut into fine

sections by the automatic microtome, and stained in hcematoxylin or

borax-carmine. With most insects, however, I have found it im-

possible to use this microtome, owing to the hardness of the chitin of

the cranium and of the mouth-appendages. In such cases I have
used a Jung's microtome, with the razor set so as to give a long

sweep at each stroke, and the sections carefully removed from the

razor, and mounted one by one.

"I have tried various methods for depigmenting the eyes, suchas
bleaching-powder, nitric acid, chlorine, etc., but the best is that of

exposing the sections when cut to the action of nitrous fumes. This

is done in the following manner: The sections are fixed in position

on the slide by Mayer's albumin and glj^eerine solution, and when
the paratfine has been removed by turpentine and the turpentine

driven off by absolute alcohol, the slide is inverted over a capsule

containing 90 per cent spirit, to which a few drops of strong nitric

acid have been added.* Copious nitrous fumes are given off and the

pigment dissolves. The action can be stopped at any moment hy
washing with neutral spirit, and when the washing is complete the

sections can be stained in hfematoxyliu or any other solution.

" For teasing the best solution is chloral hjalrate. I leave the eye

or optic tract in 5 per cent solution of chloral hydrate for twenty-

four hours, and tlien tea.se with needles and mount in glj^cerine. In
some cases I have made very satisfactory preparations by fixing the

teased tissues to the slide with albumen and glycerine solution and
then washing with spirit and staining in the ordinary way, or stain-

ing after depigmenting with nitrous fumes.
" I have tried various kinds of hannatoxylin stains, but the solu-

tion which gives the best results, and is in every way the most .satisfac-

tory, is one which I have made by following Mitchell's instruc-

tions, with a few additional precatitions. I will describe here the

mode in which I now make htrmatoxylin slain: Take 56 grams
of the logwood extract and thoroughly pound it in a mortar. Then
place it on a filter, and pour about a litre and a half of ordinary tap-

water through it. The filtrate may be thrown away and the residue

* Prof. Grenacher, according to Carriere, besides one with nitric
acid, employed the following mixture : Glycerine, 1 part ; alcohol
(80 per cent), 2 parts; and hydrochloric a'cid, 2-3 per cent. The
preparation remains in this mixture until the pigment changes color
and becomes diffuse. (Amer. Naturalist, 1886, 89.)
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ullowi'il l(» dry. In llic iiuaii liinc prc|mre awiliititui of iihiiu as fdl-

luws: Tiiko 25 grams of alum, and aftt-r it has lictii tlmrouglily

pounded in a mortar pour it into 'ioO cc-. of distillrd water. To
this .solution add stroma potash until a i>riiipiiate is formed, which

will not dis.solve upon stirring and standinij;.

" Pour the alum solution thus made on to the ha-matoxylin

residue, and allow it to nuicerate for three or four days in a

warm room. Then lilter the ha'inato.xylin .solution into a bottle

provided with a elosely-litting stopper, and a<M to it 10 cc. of jnire

glycerine and 100 cc. of 90 per cent spirit. (The residue need not

be tiirown awa}', for it can be macerated again w ith alum solution

for a week or more, and a good strong stain obtained as before.)

When the solution is thus made it shouid be well shaken and allowed

to stand for some weeks before being used. This solution of htema-

toxylin improves considerably with age. The oldest I have was

made about twelve months ago, and is by far the best.

" The hjematoxylin stain produced by this recipe possesses several

advantages over others. In most cases it differentiates the tissues

admirably; nuclei stain deeply, cell protoplasm faintly; it seems to

Ijusf a long time without showing signs of fading, and, as it pene-

tnites well, it is very useful for staining in bulk."

Dr. J. 8. Kingsley's* method of preparing and cutting theeggsand

embryo eyes of the shrinip, whicli will also ajipiy to the tuil ryonic

eyes of insects, is ils ft)llows:

The eyes were hardened by means of Perenyi's lluid, followed by

alcohol of increasing .strength, a process which wcuks wdl with

almost all Arthropod tissues. In most in.stance.s, they were stained

entire with Urenacher's alum-carmine, though in some instances

Kleinenberg's li;ematoxylin or Grenadier's borax-carmine were em-

ployed In the later stages, where the de|»osiiion of j^igment in the

eye interfered with a clear vi.sion of all the structures concerned, the

following course was adopted: The eyes were sectioned as usual,

the sections being fastened to the slide with Mayer's albumen lix-

ative. After wetting the paratline and allowing the sections to drop

inio the adhesive mixture, the embedding material was dissolved in

turpentine, and this in turn was washed away with alcohol (95 per

cent). The sections were then covered with a mixture of equal parts

of nitric acid and 95 per cent alcohol, which was allow ed to remain

until the pigment was removed,—a process reciuiring from ten to

fifteen minutes. The slide was next washed with strong alcohol,

and the sections stained deeply with Kleinenberg's luvmatoxyliu, and

* Journal of Morphology, Boston, 18S7, 49.
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the excess tbeu removed with acid alcohol in the usual manner.

The sections were then mouuted in balsam.

In order to demonstrate the presence of the corneal hypodermis in

the facetted Arthropod eye, and the connection of the so called

'' rhabdom" with the crystalline corie-cells, Mr. Patten says it is neccs-

sarj' to resort to maceration. In most cases it is hardly possible to

determine the important points by means of sections alone.

The ommateum of fresh eyes, treated for twenty-four hours or more

with weak sulphuric or chromic acid, or in MiiUer's fluid, may be

easily removed, leaving the corneal facets with the underlying hypo-

dermis uninjured. Surface views of the cornea prepared in this way
show the number and arrangement of the corneal cells on each facet.

In macerating the cells of the ommateum it is not possible to give any

detinite directions, for the results vary greatly with different eyes, and

it is also necessary to modify the treatment according to the special

point to be detennined. It is as essential to isolate the individual cells

as it is to study cros,s and longitudinal sections of the pigmented eyes.

In determining the number and arrangement of the cells and the dis-

tribution of the pigment, the latter method is indispensable; it should

not be replaced by the study of depigmented sections, which should

be resorted to in special cases only.

In fixing the tis.sues of the eye, it is not suflicient to place the de-

tached head in the hardening fluid; antennte and mouth-parts should

be cut off as close to the eye as po.ssible, in order to allow free and

immediate access of tbe fluids to the eye. When it is possible to do so

with safety, the head should be cut open, and all unnecessary tissue

and hard parts removed. With abundant material, one often finds

individuals in which it is possible to separate, uninjured, the hardened

ti.<sues of the eye from the cuticula. This is, of course, a great ad-

vantage in cutting sections. The presence of a hard cuticula is often

a .serious difliculty in .sectioning the eyes of Arthropods. This dif-

ficulty can be diminished somewhat by the use of the hardest par-

affine, and by placing the broad surface of the cuticula at right angles

to the edge of the knife when sectioning. Ribbon- sections cannot be

made with very hard paraffine, but it is often necessary to sacrifice

this advantage in order to obtain very good sections. (Roy. Mic.

Journ., Aug. 1^^^^7.)

Expanding and Mounting the Tongue of the House- and Blow-fly.

—

C. M. Vorce remarks that if the head of a living fly be cut off, the

tongue will usually retract; pressure on the head will expand the

tongue, but imless it be secured by some means before the pres.sure on

the head is released, it is apt to wholly or partly retract again. "If

only the tip is wanted, it is ea.sily secured by placing the severed head

on a clean slip and pressing with a needle till the tongue is fully
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t'X[)an(l((l, wlirn ;i drop of tin'iK-uliiie is applied, u cover laid on llie

tougue, and a rlip applied before tiie pressure is removed from tlie

tongue. To secure llie whole tongue, split one end of a small stick

for an inch or so, and holding the split open liy a kinfe blade, place

the severeil head in tlse cleft with the lop downward, and. withdraw-

ing the knife-lilade, allow the stick to close upon the head, when it

will fully distend the tongue. Now ilip the head and tongue in tur-

pentine, and leave it immersed for a few days, when it will l>e found
well cleaned, still perfectly distended, and can be relea«;cd from the

stick or cut from the head without danger of its collapsing. Mounted
in a cell in balsam, it is a trul}^ beautiful object." (Amer. Month.
Micr. .lourn., 1884, 13.)

A. L. Woodward immerses the living fly in alcohol, " and with

perfectly satisfactory results. At the moment of death the tongue is

forcibly protruded to its entire length. Even the short proboscis of

the house-fly is .satisfactorily displayed." (Amer. Month. Micr.

Journ., 1883, 239.)

>rr. II. Sharp mounts tlie lobes of the probcscis of the blow-fly,

without i)res.sure, in a .solution of biniodide of mercury in one of

iodide of pota.ssium (both saturated .sf)lulions), which brings out the

details of the structure of the pseudotracheav " I have several pro-

bosces of blowflies mounted in balsam, with and without pressure,

but there is nothing to be seen of the membrane in any of them; I can

just sec it in a glycerine mount, now that I know what to look for;

but the glycerine does not make it visible like the mercury .solution."

(Journ. Roy. Wu-x. Journ., 18S4, 1003; 18S.-). 733.)

Microscopic Sections of the Proboscis of Flies. Bugs, and Beea.—The
excellent work done by Diiiimnck on the mouth-parts of the moscpiito

and other tlies, by Kraepelin on those of the tly, flea, and llemiptera,

was chietly by means of microsci^pic sections. In order to ascertain

whether the pseudotracheie of the Hy's laluUa are hollow or not,

Dimmock feil the Hy with a mixture of sugar and gum anibic. colored

with carmine, then plunging it suddeidy into strong alcohol to fix the

colored .solution in its mouth-parts. Mr. Cheshire, before cutting

sections of the bees and other honey-feeding insects, rei-omnientls

that the in?i'ct to be operated upon should Iv kept fasting for some

time, and then fed on honey mixed with gelatine impregnated with

S(mie highly colored dye; the insect should be immetliately decapi-

tated, and the head rapidly cooled and then embedded in gelatine, and

the section cut by means of the microtome. The mouth -pas.s!ige is

then easily seen from the presence of the dye.

Sections of the Ovipositor or Sting,—According to Mr. J. "W. Hyatt,

tl'.c insect or organ is placed in alcohol until it is thoroughl}- pcrme-

atetl, and then removed to a clear alcoholic solution of shellac, iu
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A\'Liicli it may remain for a i\:\y or two. Fit a cylinder of soft wood

into the well of the section-cutter; split this cylinder throu.u'h the

middle, and cut a groove in one or both of the half-cylinders sulli-

cieutly large to admit the object without pressure; put the two pieces

together with plenty of thick shellac, and tie them with a thread.

When the shellac is (luite hard, which will be the case in a day or

two, place the cylinder in the section-cutter, and, after soaking the

wood with warm water, sections the gJo of an inch in thickness, or

less, may readily be made.

Should the shellac prove so opaque as to interfere with a proper

examination, a drop of borax solution will immediately remove this

diJliculty. (Amer. Month. Micr. Journ., 1. (1880) p. 8.)

Mounting Gizzards of Insects.—Dr. T. J. Sturt kills the specimen

with a drop of benzine, cuts olf the extreme end of the hind body,

removes the head, cuts olf the whole intestine, and puts it in a 1 oz.

vial with five or ten drops of liquid potash. After it has stood about

half an hour, partly fill with water and shake it well to detach the

muscular coat and tracheie; then slit it up, wa.sh, and adject on a

slide. Drain away any moisture, apply a drop of carbolic acid, and

put on the thin glass. After a few minutes this will absorb all

moisture and render it cpiite transparent. If it does not, put a drop

of acid at the edge and lilt the slide to drive off the first acid; then

put a little balsam on the eilge, tilt tiie .>^lide, warming it to render the

balsam niore limpid, and it will gradually take the place of tlie acid,

th(! lines of demarcation between the two being distinctly visible.

(English Mechanic, 1883, 282.)

Preparation of the Intestine of Insects. -According to Dr. J. Frenzel,

chromic acid is not suilahle lor (lie c.vamiiiation of the intestine of

Arthropoihi. A mi.\ture of nitric acid and an alcoholic sid)limate

solution gave satisfactory results. The strength of the alcohol and

the amount of sublimate in .solution do not apjK'ar to matter. The

author u.sed 80 per cent, al'johol witii sublimate half saturated. No
particular caution is necessary as to the amount of acid; a ilrop too

nnich or too little doing no ilamage. To the above solution a drop of

concentratetl suli)huric acid is added to every one or two cubic centi-

metres. The preselice of this acid induces a quicker penetration of

t-hc preservative fluid into the tissues, and hinders the formation of

insoluble mercurial compounds. The more acid the .solution and

lli(! smaller the piece of tis.sue the shorter the time it is left in the

lluid. For pieces about the size of a pea, five to ten minutes are (piile

sufficient. After hardening in sublimate, alcohol is advantageous.

The tissue is washed and left in 90 per cent alcohol, (Archiv flir

Micr. Anat., 1885, 229.)
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Preparation of Insect Spiracles.*Mr. F. Diiiitlt rcmark.s ihiit in

most Ixcllcs (Ik- spiniclcs iire loiind on the u|i|ht part of tlie alHloiiicn.

Till' insi'fl siioulil 111' turiii'il on its Itack and lul acros.^ the thorax

dose to the abdomen; then turn apiiii, and insert a Kliarp knife into

the openinj^ made, and cut round the wliole ahdomen. As soon as

tlierc is room, insert a small stii-k of soft wood .shar|>ered to a tiat

point, hy means uf which the ohjeet ran he held securely while cut-

ting;. All the culling- should he done on the lower side, so that a

mari,'iu is left on the upper |»arl, which can he trimmed easily after

the oi)jeet luis l)ecome .softeui'd in licpior pota-is;e. Sleepini;: the in-

sect in this lluid for a couple of hours will destroy all the vi.scera.

Now hold the part down with a softened stick, wliicli for this i>ur|)< .si-

is far superior to mounlini^ needles, and with a canu-l-hair pencil

remove the viscera and transfer the object to rain water, removinu
this two or three tiuws to insure cleaiisiiiLr and to remove the la.st trace

(if ]>olash. Kt'cp on brushiiiLT until it is certain thai the object is clean,

and then trim theedire.'* to suit before a linal washin^r If it be desired

to mount the tracheie /// .'*/7//, jrreater care is neee.s.sjiry in treatinjr, but

tiiey show very well thniui;h the skin. Or, after mo.st of the visceni

iiave been removed, the trachea- can be torn by a sawimr nuition witli

the back of tlu- knife fmm the sjuracles and mounted separate In

mounlin.ii; larviv entire, they sliould be left in li(pior i)otas.sie for a

liin<;er time—even a whole day -without injury. In eleanini; it is

necessary to keep them in the p<isition in which they are to Ik- mounted.

Larvie of the l,epid<iplera show best when iiKamted on the side. In

l)repariug these, hold the larva under water with the pointed slick,

and clear out the viscera with a brusji throuirh the anal ojieniiij; by a

roUiu!^ motion. After a start h.is been m.ide the process t.ikes but a

short time. Larvie will st.Miid <'onsider;ii)le pressure in eleanini;, but

gentle manipuiaiioii of course answers lust, especially in those cov-

ered with hair. It is In-st to eoimnence with the larijest beetles or

larvje one can tind. Larv.-e l4)o l.irire to be mounteil entire ought to

be opened along the back to give the li(pior free access.

Tw( nty-seven grains of i)otas.s;i fiis,i to one ounce of water ficts but

>l)wl on tlie ehitinous parts of insects, but very promptly on the

viscera. It is best kept in a jviin'r-covered l)ottle, to exclude tin- light.

(Journ Hoy. Mie. Soc, August, IMS?.)

Mounting of Tracheie -Mr. F. T. lla/.lewood dis.secl>< out the .soft

pints and s|M(-ii1s them on a glass slide, letting them dry perfin-tly.

lie tlu'U with a ]U'Mcil-brush gives them a good coaling of colltHlion,

after whii-h he mells a little hard pure balsam in a test luU' and puts

it on the object with a cover-gla.ss applied at onee. The intestines,

* The Microscoite, vii. U^5^~' PP. I'V--:^.
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ganglia, and the brain are in this way finely shown, the brain reveal-

ing the very abundant ramifications of the tracheae, especially the im-

mense parallel branches situated between the rods of the eyes.

[Psyclie, iv. 253.)

Mounting Legs, etc., of Insects.—Mr. II. A. R. Bennett, in regard

to this topic, whicii will also apply to large antennae, palpi, etc.,

remarks: The chief difficulty is the appearance of air-bubbles in the

object after it has been mounted. To avoid this, there is a little

dodge not mentioned in most books. When the leg is taken out of

the turpentine, instead of placing it at once on the slide, boil it for a

few moments in some balsam, kept for the purpose in another tube.

While it is being boiled the air will escape, and the balsam will take

its place. There will therefore be not uearlj- so much chance of air-

bubbles arising when the object is mounted. Of course this would be

rather rough treatment for some objects; but with the legs of in.sects

(especiallj^ such as Bytiscus marginnlis) it generally answers admirably,

and .saves a vast deal of trouble. (English Mechanic, 1883, 253.)

Mounting the Skin of Caterpillars. — E. E. Jackson .soaks the speci-

men in acetic acid for ten days, then opens the body carefully with

scissors from anus to mouth, and washes it in v.ater. He then soaks

it in weak, afterwards in strong, alcohol, following with oil of cloves,

turpentine, and balsam. (The Microscope, 1884, 133.)

Dissection and Preparation of the Spermatic Filaments.—F. R.

Cheshire proceeds in the following manner: " Secure a drone (not

newly hatched) as he is perambulating the combs, open the body, re-

move the vesicula, break one end, and, with the forceps, apply for a

moment the ruptured part to the surface of some glass covers upon

which a small quantity of water has been placed (one vesicula will

give a supply for a dozen slides); leave to dry, keeping from dust;

warm in the flame of a spirit-lamp to set the albumen, i)our on each

three or four drops of watery solution of Spiller's purple, and after

five minutes wash, dry, and mount in Canada balsam. For critical

examination with high powers, spermatozoa should be mounted in

glycerine. If staining be desired, a minute quantity of the purple

adiled to the glycerine will accomplish it, as in a few weeks the sper-

matozoa will have absorbed every trace of the dye. ("Bees and

Bee keeping," 201.)

Prof. V. la Valelte St. George recommends, for the examination of

the spermatic elements of the small cockroach (Bloita c/ervtanicn, or

Croton bug) a lluid which unites the properties of not being harmful

to cells and that of staining certain cell-jiarts deeply. This is iodized

serum, rubbed in with dahlia and filtered. The amniotic fluid can

thus be replaced by another indiherent fluid. Dilution of pure

nuclear-staining media with iodized serum did not give favorable
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results. For tixiii^^ the ti^suos Hit- aiUlior iistil ilie mixtures rccom-
mendt'd by Gilson aiul Carnoy, aiwl '.vilh tlie same result, anil ulso

l<Meminiii',''s Uuid. (Aniiiv fUr Mikr. Anat., IsrO, 1; also Journ.
Key. Miir. Soe., If^sC), r»y(t. 107:}

)

Making Sections of Eggs.—The egs,^ should, actordiri!,' H) Bobret-
skys luilhod. be jijaeed, w hen alive, for a siiorl time iu nearly boiling

water, and then iiardeiied iu bicliromate of potash. They may be
stained in pierocarmiue or in h:ematoxylin, aud embedded for cut-

ting? in paratlinc or coajxulated albumeu. Fatten plaeed the eLTirs of

Trii'hoptera iu cold water, raising the temperature very gradually to

alMHit 80 C, or when they became hard and while; then removed to

20 per cent alcohol, which was increa.sed by 10 per cent once or twice

a day until reaching full strength (90 per cent). They were stained

with Kleininberg's hainato.xylin and a 70 percent solution of cochi-

neal, and emlKtldcd iu paralliiie after being clarified in benzole for

thirty miiuifes.

Witlac/.il examined the embryos of the viviparous A])hides in a weak
.sidt .'iolution (lA per cent), in whicli they live for alnnit an hour. Tiie

early stages in the develojiment of the eg^s may Ik.' iKst .seen after

treatment with hydrochloric acid (I! |H.r cent), or acetic acid, as the.'^e

reagents partially dissolve the yolk elements, rendering the prepanition

more tnuisparent; but the later stages are rendered more opaque by
this triatment.

Eggs gradually hardened in alcohol and then cut and staine«l on iLe

slide with picroc-arminc or ha'mato.vylin often give good siftions.

Kowalevsky's sections, made before the ilays of microtomes, were
cut by hand, the eggs having been, after being hardened, embetlded iu

paraftine and cut witli a razor.

Dr. F. Stuhlman* in the examination of the eggs of insects,

spiders, Myriopod.s, aud JWijxitun, e.vamined fresh objects in 0.7.'5

percent .salt solution, to which is sometimes added weak acetic and
methyl-green acetic acid. The foregoing was only suitable for

young eggs, as older ones are too opaiiue. As a lixaiive. a cold con-
centrated sublimate .solution proved the best. Water. 33 per cent
alcohol, and hot sublimate .solution were not so useful. The cold
sublimate tixed in .1 to 10 minutes. The prejianitions were then thor-

oughly washed ; a few drops of tincture of iodine hastened the pro-

cess. Then (50 per cent .spirit, and linally ab.solute alcohol. Tlie

chorion is perforated with a tine needle, but the upjier jxile is to be
avoided. Ovaries are placed for several hours in ililorofonn, then
from one to three days (according to size) iu p.iralline at about

* Ber. Naturf. Gesell. Freiburg, i. B. I. (1886): Journ. Ror. Micr.
Soc, April, 1S87.
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55° C. The embedding mass is rapidly cooled. The sections are

stuck on with a thin layer of Mayer's fluid. The author states that

fresh albumen mass stains less easily than the older. The stains

used were Grenacher's borax-carmine, Weigert and Ranvier's picro-

carmine, and Flemming's htematoxylin. The author recommends
double staining with picrocarmiue and htematoxylin ; weak staining

first with picrocarmine acd afterwards with the logwood. The dye

is then extracted with acidulated alcohol until a red hue appears;

the sections are then transferred to ammoniacal alcohol until the

blue color reappears. In order to obtain various shades of color the

author advises to stain about f of the sections {sic) with picrocarmine,

and then to draw out the slides from the fluid so that the upper part

is more deeply stained than the lower. The slide is then turned

round and the process reversed with htematoxylin. Afterwards

absolute alcohol, bergamot oil, xj'lol balsam, Flemming's chrom-

osmium-acetic acid, and safraniu staining give good results. Fix-

ation with 3 per cent nitric acid produced vacuoles in the yolk, and

was, therefore, of but little use.

Dr. H. Ileuking,* in his investigations into the development of

the Phalangida, adopted various methods of preparing the ova ; the

animals were sometimes killed with boiling water, and left in it for

some time for the albumen to coagulate ; they were then hardened

in successive strengths of alcohol up to 80 per cent. The ova were

never placed direct in alcohol, in consequence of the shrinking

caused by such a process. Other specimens were killed with ether,

the back laid open, and the animals placed in Flemming's chrom-

osmic-acetic acid or in Kleineuberg's picrosulphuric acid for some
hours before removal to alcohol. Eggs that had been deposited

were treated with hot water, and with Flemming's fluid, as well as

with hot and cold chromic acid, picrosulphuric acid, etc. The best

staining reagents were foimd to be Grenacher's borax-carmine,

Hamann's neutral acetic acid carmine, and eosin-htematoxyliu.

Before embedding, the eggs on being taken from absolute alcohol

were placed in a mixture of bergamot oil and absolute alcohol, then

in pure bergamot oil, and then in a warmed solution of paratflne in

bergamot oil, and Anally in quite pure parafline. By the aid of

Spengel's microtome sections from Jjy to ^kis i^iui- thick were pre-

pared.

Dr. F. Blochmann fixes the ovaries of ants and wasps with picric

acid or sublimate, staining them on the slide with picrocarmine or

borax-carmine. For examining the elements of the yolk, double-

*Zeitschrift fiir. wiss. Zool., xlv. (1887) pp. 88-90; Journ. Roy.
Micr. Soc, August, 1887.
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sluiiiiiij^ with bonix- or picro-curiniiU' aiul hUn tk Lyon vlyv advised.

(Zc'its. f. wiss. Zool., xliii., 1880, 537; Journ. H<>y. Mirr. Soc.

,

Oct. 1887, 841.)

Herr J. Nusliiiiiin thinks that oik- imlhod of prfservation can
never alVoid .satisfactory material for study, as each uutiiod gives

dillcrent results. He treated fresh eggs with Kleineiiberg's or

Perenyi's lluid, or treated them a few .seconds with hot water and
then with bichromate of potasii. The eggs in either case were
hardened in 70 per cent and then ab.solute alcohol ; then colored in

toto by hicmato.xylin, borax-carmine, or red magdala ; the latter gave

a perfect staining reagent, coloring tlie eggs and embryos in a few
hours, and very iiitensel}', tliough sometimes very uniformly.*

Preparing Embryos of Insects. — In a paper on tlie embryonic
developnunt of the Bombycidiu, Dr. S. Selvatico describes the

methods he has made use of both for the preparation of entire em-
bryos and for sections. The species employed were Boinhyx inori,

AHacux mi/lKUt, and Stiturnut ]>i/ri.

The eggs are lirst coagulated by i>lunging them in water at 75 C.

With a pair of tine-pointed force|)sa small piece is removed from the

shell, in the ca.se of liombyx, witiiout disturbing the underlying

parts. Witii a little care this is eiusily done, because on the eggs be-

coming cold, their contents are somewhat contnicled antl do not

touch the shell. In the ca.se of Attacus anil Sa'urnia the eggs have

a harder shell but are larger, and a razor was emi)loyed by the

autlior.

They are then hardened by leaving them for twelve hours in a

.002 per cent .solution of chromic acid, and for twelve hours more
in a .0()r> .solution. Then with a little care the shell can be easily

removed by employing the forceps or cutting it roinid with a razor.

The entire contents having been removed, the egg is freed from
chromic acid b}- leaving it in 30 jier cent alcolu>l for a day, the

alcohol being renewed until it is no longer colored yellow.

For staining, the vsc;^ is placed in picrocarmine for twentj-foiir

houn' and washed in 30 jut cent alcohol to remove the jncric acid.

When it hjus been well washed it may be kept in 30 jier cent alcohol

until sections are required.

Previous to cutting sections the egg should be placed in absolute

alcohol for half an hour, and then for a few moments in es.<eucc of

bergjxmot. Dry and embed in a mixt\ire of 4 parts of spermaceti

and 1 of cacao butter, to which is added, acconiing to the tempera-

ture, some drops of castor-oil. The knife should be moistened with

* Arch. Zool. Exper., 1887, 124; Journ. Rov. 3Iicr. Sec, 1887,
841.
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olive-oil, and each section washed with a mixture of 4 parts of oil of

turpentiue and 1 of creosote to dissolve the embedding substance sur-

rounding the section. Mount in Canada balsam.

To preserve the embryo entire, the shell is to be removed as above

described, after coagulation. The agg is then placed in a drop of

water on the stage, and with a low power the embryo is extracted

from the vitellus. It is cleaned as much as possible, so that no por-

tion of the vitellus adheres to it, and mounted in glycerinated gela-

tine, previously colored with methyl-green. By this method the

embryo takes from the gelatine an excess of color, and is thus

stained after the preparation is made. If it is colored first and then

placed in colorless gelatine it will always lose color (sometimes com-

pletely) if the gelatine is only a little greater in volume than the em-

bryo. (Journ. de Microgr., vi. (1882) pp. 220-1.)

Surface Study of Eggs, and Hardening for Cutting, etc.—Mr. W.
A. Locy* adopts, for studying the eggs of spiders while alive, the

long-used method of immersion in oil, Avhich should be perfectly

clear and odorless. The external features can be studied to better

advantage by mounting the eggs in alcohol after they have been

freed from the chorion and stained. Another valuable method for

surface study consists in clearing the already stained Ggg in clove-

oil. The thickness of the blastoderm is most easily determined in

this way.

The best method of hardening preparatory to sectioning is that of

heating the water to about 80' C, and then, after cooling slowly,

treating with the usual grades of alcohol. Good results are obtained

with Peren^'i's fluid, which renders the j'olk less brittle. Osmic
acid does not penetrate the chorion, and chromic acid or acid alcohol

are not easily soaked out on account of the thickness of the chorion.

Borax-carmine is, on the whole, the best staining tiiiid. It is

difficult to make the dye penetrate the chorion, and, after hatching,

the cuticula forms a similar obstacle. This difficulty may be over-

come by prolonged immersion in the staining fluid. In some cases

seventy-two hours were required to obtain a .sufficient depth of color.

In order to avoid maceration, which would result from so long-con-

tinued immersion in a weak alcoholic d3'e, the staining process may
be iuterrupied at the end of every twenty-four hours by transferring

to 70 per cent alcohol for an hour or more.

After most methods of hardening the yolk becomes very brittle,

and the sections crumble. This difficulty may be overcome by col-

lodionizing the cut surface before making each section, in the man-
ner described by Dr. Mark.f

* Amer. Natural., xix. (1885), pp. 103-23.
f Ibid., p. 628.
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MOUNTING APPENDAGES OF INSECTS. :Vi:J

Mounting Dry the Eggs of Insects.—Ac<urtliiig to Dhninuck, egjfs

iiiul niliir (ilijtM 1- iiijiy 1)L' niountfd in such a way jus to be ejii<ily ex-

aiuiiifd with tin- microscope. The cgj,'s are mounted in riiijrs of

cork between two thin cover-glasses such as are used for micr-oscopc-

slides. Thus mounted, and sealed w ith black lac or other meaus,

the specimens can be pinned in the collectit)n w ith sjifety and neat-

ness. Spe<'imens can be mounted in Canada balsam in lhe.se cork

rings in the way described by Cameron,* who, however, used paper

in place of cork; the latter, however, is lighter than paper, is more
convenient for pinning, and can be easily cut into rings of different

sizes with a cork-borer such jus is used in chemical laboratories. If

circular cover-glasses are used, the cells can be neatly .sealed on a

turn-tal)le for preparing micro.scope-.slides. {Pxyclw, iv. 133.)

Preparing Fire flies, etc.—To investigate the seat of oxidation

w lii( li pniduces the light in LueivUi ittilica. Dr. C. Emery killed the

living animal in a solution of osmicacid, which stains the luminous
platis of the still livhig and light-developing animals brown. The
jiarts which are to be further examineil are macenited for a long
time in water, the development of fungi in which is prevented by
the addition of crystals of thyniol. The osmic acid is especially re-

duced at the bifurcations of the blind-eiuling tracheal capillaries

within the luminous j)lates. and in the tnicheal branches before the

bifurcation. Another method of preservation consists in injecting

corrosive sublimate .solution into the animal, and substnjuent treat-

nunl with alcohol. (Zeits. flir wissen. Zoologie, xl. dSyJi 838 ; ab-

stiacl in .I()u:m. Koy. Micr. Soc, 1S8"), 733.1

Mounting the Appendages of Insects for Pinning in the Cabinet.—

A writer in the IJulUlin of the Hrookiyn Entomological Society (vi.

24) sjiys: " The habit of many has been after examining the parts of

an insect and making di.s.sections to throw away the insect after

making notes. Others moimt them in balsjim t>n glass slides: this

latter had been uiy jimctice, but slides accumulate and are incon-

venient to keej). A .sub.stitute a knowledge of which I owe to Dr.

Horn answers admirably for all purposes and is perfectly simple.

A hole, round or .stpiare, is punched or cut out of a piece of IJristol

board of any desired size; a cover-gla.ss (1 use the stpiare) is fsi-stened

on one side over the aperture by a thin circle of shellac: this fonnsa
shallow cell in which the part to be examined is j>laciHl; a drop of

Canada balstimf is put on it,aud the whole is covered by another cover-

*Proc. Nat Hist. Stx\ Gla.sgow. 1881-82, v. -1-7.

f The balsam will be clouded by the moisture contained in the
appe'ulagcs unless it has been macerated in :ilioliol and oil of
turpentine, or has undergone a kmg maceration in oil of turpentine.
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glass. Your preparation is thus effectually preserved, and you can

put a pin througli the end of the card and put it in your cabinet next

the insect the object is intended to illustrate. You can put half a

dozen cards on a single pin, and the space thus occupied is very small,

while the preparation is as convenient for examination as thougii

mounted on a glass slide."

Mounting the "Saw" of the Tenthredinidae.—Mr. P. Cameron
describes his method of mounting and preserving the "saw" of the

Tenthredinidie for microscopical examination, a method which can

be applied to microscopical mounting generally.

With fresh specimens the saws can be extracted by pressing the

abdomen, when they will be protruded and readily extracted. With
old specimens it can be done equally well by placing the insect in a

relaxing-dish, or, more promptly, by steeping it in water for a day,

when it can be taken out in the same way as with fresh insects,

the only dilticulty being experienced with insects full of eggs. For

their better examination the four pieces composing the ovipositor

proper should be separated; after which they must be steeped in

turpentine for a day or two so as to get rid of air. This is best done

by enclosing them in a small folded piece of paper; and, if they be

properly labelled, many different preparations can be placed in the

turpentine-bottle together. Next take a sheet of fine Bristol board,

and cut it up into pieces, say 12 lines by 9 lines, and punch at one

end a round or square hole, four or five lines across. On the lower

side of this fasten, by means of Canada balsam dissolved iu benzine,

a cover-glass. When this has dried till up half the cell thus formed

with the same composition, spreading it as evenly as possible, and in

it arrange your preparation. Pvit it aside for some hours in a place

where no dust will fall on it, then fill the cell with enough balsam

to run over the edge of the cell, place a cover-glass over it, and press

it down. All that now requires to be done is to allow the prepara-

tion to dry, taking special care to keep it flat, to label it, and stick a

pin through the card, by means of which it is fixed in the cabinet

alongside the insect from which the part was taken. To examine it

under the microscope, all that is necessary to do is to place an

ordinary glass slide across the stage, and put the card on it, in doing

which it is not necessary to take the pin out of it if a short pin be

used.

The great advantage of this jilan for entomological purposes is that

it does not necessitate the formation of two distinct collections, which
must be the case if dissections are mounted on glass slides, which can-

not of course be placed alongside the insect. Besides that, it is cheaper,

more expeditious, and safer; for the cards are so light that no injury

comes to them from falling, or getting loose in the b.ox. If desired,
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:i tolored riiii,' can lie put rouiul the t(»ii objict -glass by the turn table

in llie ordinary way, l)Ut, except for (irnanient, is not necessary.

'J'he author usually prepares two or three dozen of the cards with

one cover-glass on at a time, so !Ls to have them ready for use. The
object of letting the dis.sections harden in the cell, half tilled with

bal.>ynn, is iJiat inree or four separate parts may be arranged in the

most .suitable way in the s^une cell without fear of their being disar-

ranged or injured when the top cover-glass is put on, while both

might happen if the whole operation was performed at once.

For the e.xaminatiou of the sjiws, a (juarter-iuch objective is the

best; the teeth, in some ca.ses, are so tine that thej' are ajit to be over-

looked if lower powers are used. (Trans. Eutomol. Soc. Lond., 1881,

pp. 576-7.)
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Wheist we reflect that perhaps upwards of 175,000 to

200,000 species of insects have been described, and the

habits and histories of some of them noted in articles and

memoirs scattered through numerous journals, proceedings,

and transactions of learned societies, we can get some idea

of the vast extent of entomological literature. We can only

draw attention to the most indispensable articles, memoirs,

and complete works, without which no one can do good

general work in entomology. Those who desire to confine

their attention to special orders should look to the lists of

publications already given under such groups. The titles

of works indispensable to the student are printed in

heavy-faced type.

Bibliographical Works on Entomology.

Agassiz, L. Bibliographia Zoologise et Geologfe. Edited by H. E.
Strickland, i.-iv. Ray Society, Loudon, 1848-54.

Nomenclator Zoolosricns. Solodiiri. 1843-47.

Index Universalis.
" Soloduri. 4°, 1846; 8°, 1848.

Carus, J. v., and W. Engelmann. Bibliotheca bistorico-naturalis.

184&-60. i., ii. Leipzig, 18(51.

Carus, J. v., and P. Mayer. Zoologischer Jahresbericht fiir 1879-
1888.

Dimmock, G. Tbe entomological writings of Samuel Hubbard
Scudder. Cambridge, 1879.

Engelman, W. Bibliotheca historico-uaturalis. 1760-1846. i. Leip-
zig, 1846.

Hag'en, H. A. Bibliotheca entomologica. [Up to 1862.] 1., ii. Leipzig,
186:^-63.

Henshaw, S.* The entomological writings of Alpheus Spring
Packard. U. S. Department of Ag. Div. Ent. Bull. 16, 1887.

Marschall, A. D. Nomenclator Zoologicus. Wien, 1873. (A contin-
uation of Agassiz' Nomenclator.)

Packard, A. S. Record of American Entomology for 1868-73.
Salem, Mass,

* For Bibliographies of Drs. LeConteand Horn see under Coleoptera.
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Scudder, S. H. Nomiiirliiti>r ZoOlo^'iius. I'lirt I. SuppUiueutal
l.isi (to Agassi/,); Purl 11. UniviTsjil Iixli-.v. WiLshiugloii, 1882.

C'ataloiriK- of .'iiieiililic serial.s of all couulries. lG;i3-1876.

('aml)riii.irr. iNT!).

Taschenberg, 0. Bibliotheca Zoologica. 1861-80. Leipzig, 18«6-*9.

Archiv fiir Naturgeschichte. (oiiiains annual report.-^ on the progress
of EutouioK).iry from ISoG to ISSS.

Roval Socit'ty, London. Catalogue of Scientific Papers, b vols. 4°.

LnlHioIl, 1S(;S-SS.

Zoological Becord for 1864-88. Loudon, 1865-88.

Entomological Periodicals.

Aniericau Entomologist, i., 1868; ii., 1870; iii., 1880. St. Louis
and New York.

American Naturalist. Salem, Boston, and Philadelphia, 1867-88.
Annals of the Lyceum of Natunil History of New York. 1824-76.

Since 1876 continued as Auuals of the New York Academy of
Sciences.

Annales de la Societe entomologique Beige. Brus.<els, 1857-88.

Annales de la Societe entomologique de France. Paris, 1832-88.

Berliner Eutomolog. Zeilsehrifl. i.-.\viii. 1857-74. Berlin. Con-
tinued as

Deutsche Entomolog. Zeitschrift. .\i.\.-.\x.\ii. 1875-88.
BiilKiin of tile llicKiklyii Kiitoini>logiciil Society, i.-vi. 1878-84.
IJulliliiii) ilella Socictil entoiuologica Italiaua. i.-xx. 1869-88.

Florence.
Canadian Entomologist, i.-xx. 1868-88. London, Canada.
Entomologica Americana i.-iii. 1885-88 Brooklyn, N. Y.
J^iUonioloirisi lif Nacliriehten. i.-xiv. 1875-88. iierlin.

The Entoniolo«;L>t. i.-\.\ii. 1840-80. London.
Kntomoloirisl's Monthly JVIagiizine. L-x.\iv. 1864-88. London.
Journal of the Academy of Natural Sciences. Phihidelphia,

1817-88.

Proceedings of the Academy of Natunil Sciences. Philadelphia.
1841-88.

Journal of th«' Boston Society of Katunil History, i -vii. 1834-63.
]\Ienuiirs of the Boston SooletV of Natural History, i.-iv. 1866-88.

Linnsea entomologica. Entomoloirische Vereiu. Berlin, 1846-88.

ProeiediuL's "f the Boston Soeji'ty of Natunil History. 1834-88.

Proceedings of the Entomological Society of Philadelphia, i.-vi.

1801-67.
Transiictious of the American Entomological Society. Philadelphia.

i.-xiv. 1867-88.

Psyche, i.-v. 1874-88. Cambridge, Mass.
Transjictions of the American Philosophical Society. New Series.

1S18-88. Al.<o Proceediiiirs. i.-.\.\iv. IS.4O-SS.

Transactions of the Entomological Society of London. 1834-88.

\Vieuer Entomoloirische Monat.>i.sehrift. i.-viii. 1^57-64.

Zeitschrift d. Entomologische Vereiu. Berlin, 1857-88.

Zeitunir d. Entomologische Verein. Stettin, 1840-88.
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General Entomology.

The works of Hertst, Lieuwcnlioek, Malpiiighi, Meckel, Merian,

Ramdohr, Swammerdam, Serres, aud Suckow.

Buffon. Suites a Bulfoii et Nouvelles suites a Buffou. Formant avec

les G^]uvres de cet auteur uu Cours complet d'Histoire Naturelle.

Paris, Dufart, 1798-1807. Paris, Roret, 1834-1864. 8vo. (Iq-

sectes, Crustaces, Arachuides, etc ,
par Amyot, Audinet-Serville,

Boisduval, Gervais, Guenee, Lacordaire, Latreille, Lepeletier de St.

Fargeau, Macquart, Milne-Edwards, Rambur, et Walkenaer.)

Burmeister, H. Manual of Entomology. Translated by V/. E. Shuckard.

Loudon, 8vo. 183(3.

Burmeister, Hermann. Zoologisclier Hand Atlas. Berlin, 1836-43.

Fol., 41 plates.

Clans, C. Elementary Text-book of Zoology. Translated and edited

by Sedgwick and Heatbcote. Vol. i London, 1884.

Cuvier, G. Le llegue animal distribue d'apres son Organisation.

Nouvelle edition, accompaguee de planches gravees, representant

les types de tous les Genres, etc., publiee par uu reunion de Dis-

ciples de G. Cuvier. Paris, 1849. 8vo. (Insectes, Arachnides,

Crustaces par Audouin, Blanchard, Doyere, Milne Edwards et Duges.)

4 vols, texte et 4 vols, atlas.

Drury, Drew. Illustrations of Natural History, etc. London, 1770-

82. 4to, 3 vols. (ed. Westwood, 1837.)

Fabricius, Joh. Christ. Systema Entomologise. 1775.

Genera Insectorum. 1777.

Species Insectorum. i.-ii. 1781.

Mantissa Insectorum. i.-ii. 1787.

Entomologia Systematica, i.-iv. 1792-94.

Geer, Carl de. Memoires pour servir a I'Histoire des Insectes.

1752-78. i.-vii. 4to.

Gerstaecker, A. Arthropoden, in Peters and Carus' Handbuch der
Zoologie. Leipzig, 18(53.

Godman, F. Ducane, and Salvia, 0. Biologia Centrali-Americana.
Loudon, 1877-88.

Graber, V. Die lusekten. Parts I., II. Munich, 1877.

Griffith, E. The Animal Kingdom, described and arranged in con-
formity with its organization. London, 1824-33. 8vo. Class

Insecta. 2 vols. 1832.

Guerin-Menerille, F. E. Iconographie du Regne Animal de G.
Cuvier, ou representation d'apres nature de Tune des especes les

plus remaniuable et souveut nou encore tigurees de chaque genre
d'auimaux. Vols. 6 et 7: Annelides, Crustaces, Arachnides, et

Insectes. Paris, 1829-44.

Kirby, W., and W. Spence. An Introduction to Entomology; or,

Elements of the Natural History of Insects. 4 vols. 8vo. 1828.

Seventh edition (comprising vols. 3 and 4 of the early editions).

Loudon, 1856. Post 8vo.

Kirby, W. Fauna boreali-Americana, etc. Norwich, 1837. 4to.

Latreille, Pierre Andre. Precis des caractfires generique des Insectes.

1796. 8vo.
Genera Crustaceorum et Insectorum. 4 vols. 8vo. 1806-09.



THE EXTOMOLOGISfS LIBRARY. 329

Latreille, Pierre Andre. Consideration geiK-ruk-.s sur I'Ordre naturel

ilr> Aiiiiuaiix comixtsjiut les Chisses des Crustact-s, dcs Arucliuides
c'l Uls lust' tics.

Insi'cis in C'livit'i's Rciriic aniiniil. 8vo. 1810.

Faiiiillfs iiaturi'lk's du Kigiu- aniiuiil. 8vo. 1825.
C'ours (IKiituiuolo'jiL'. 8vo. 1831.

Linnaeus, Carolus. Systcina Natune. 1735. 12th edition. 1766-68.
MacLeay, W. S. llora' Eiitoinologica'. i., ii. London, 1819.

Miall, L. C. and A. Denny. The ir^tructure and Life-history of the
( 'dckro.-icli. ivtiiuiuii, l!^iSU.

Newport, G. Article Insecta. (Cycloptedia of Anatomy and Physiol-
ogy. London, 1S;:!9.

)

Packard, A. S. Guide to Study of Insects. 9th edition. Xew York,

Palisot de Beauvais, A. J. lusectes recucillis en Afri(ine et en Auic-
ri(Hic, dans Ics royaumcs d'Owiire et de Benin, li J^aint-Dominiiiue
el dans Ics Etats-i'nis, j)endant les auuccs 17^6-97. Fo!., with 90
plalcs. Paris, l^ti.Vv!!.

Bcaumor, Rene Ant. de. Uemoires pour servir a I'Histoire des Insectes.

Paris, 1734-4',*. i.-vii 4to.

Boesel, Aug. Joh. Der monatlich herausgegeben Insekten Belustigung.
NiiiMhcr-r, 174(>-G1. i.-iv. 4to. lilusiratetl.

Savigny, G. C de. Descri])tiou de I'Egypte, Ilistoire naturelle.

(.'nisiaces, Arachnides, Myriapode.s et ln.seetes. 53 pi. in gr. fol.

Paris, 180^;i8. IC.xplication sommairc des planches, par J. V.
Atiiloiiin. Pari.s, 18U'G. Pol.

Saussure, H. de. Spiiilegia Entomologica Gcnavensia. I. Genre
llcniiincriis. Geneve, 1879.

Say, T. American Entomology, i -ill. Pliiladcljihia. lS34-25-",'8.

Complete Writings on the Entomology of North America, edited by
J. L. LeC'ontc, -M.l). 2 vols. 8vo. Colored plates. >»cw York,
1859.

Weatwood, J. 0. An Introdaction to the Kodern Classification of

Insects. 2 vols. 8vo. London, 1839—10.

External Anatomy and Morphology.

Audouin, J. V. Recherches anatomiques sur le Thorax des Animaux
articules et celui des Insectes hexapodes en particulier. (Annales d.

Sc. Nat. i., 1^-J4, i>. 97 anil 41(1.)

Hiixley, T H. The anatomy of the invertebnitcd animals. 1877.

Leuckart, R. Leber die ^Morphologic und die Verwaudtsehaftsver-
hiiltnissc der wirbcllosen Tliicrc. Bnmnsclnvcig, 1848. 8vo.

Saviguy, J. C. 3Icnioircs sur les Animau.v sans Verlcbres. L Partie.

Desiription et Chussitication des Animaux invertcbrcs ct articules.

1. Fasiiculc. Thcorie des Orgaues de la Bouche des Crustaccs et

des Insectes. Paris, 1816.

Internal Anatomy and Histology.

Dufour, L. Hccherchcs anatomique.s et physiologiqucs sur les Ilemip
teres (1833); les Orthoptcres. les Ilymcuoptere.-;. et le.<? Neuropteres
(1841); et les Dipteres^l851). (ilciu. de I'ln-stitut, iv. vii. xi. Al.so

numerous memoirs in Ann. des Sci. Nat.j
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Leydig, F. Traite d'Histologie. Paris, 1866.

Lyonet, P. Traite anatomiqiie de la Chenille, etc. La Hayc, 1762.
Anatomie de dilferentes especes d'iusectes. (Mem. du Museum,

xviii.-xx. Paris, 1829-32.)

Minot, C. S. Histology of the locust. Second Rep. U. S. Ent. Com-
mission. 1880.

Siebold, C. Th. von Anatomy of the Invcrtebrata. Boston, 1854.

Strauss Burckheim, H. Considerations generales sur I'Anatomie com-
pares des Animaux articules, auxquelles on a joint I'Anatomie descrip-

tive du Melolontha vulgaris. Paris, 1828. 4to, 10 pi.

Viallanes, M. H. Recherches sur I'histologie des iusectes. Paris,

1882.

a. The Nervous System.

Blanchard, E. Recherches anatomiques et zoologiqnes sur le Syst^me
nerveux des Animaux sans vertebres Du systcyie nerveux des
Iusectes. (Annal. d. scieuc. uatur., 3. ser. v., 1846, p. 273-379.)
Du Systeme nerveux chcz les Invertebres dans ses rapports avee

la Classilication de ces Animaux. Paris, 1849. 8vo.

Flogel, J. H. L. Bau des Gehirns der verschiedenen Insektenordnungen.
(Zeits. f. Wissen. Zool., xxx. Supp. 1878.)

Leydig, F. Vom Bau des thierischen Korpers. 1864.

Tafeln zur vergl. Anatomie. 1864.

Untersuchungeu zur Anat. und Histologie der Thiere. 1883.

Also numerous works and articles in Miiller's Archiv., Zeits. fiir

wissen. Zoologie, Nova Acta, etc.

Lienard, V. Recherches sur le Systeme Nerveux des Arthropodes.
Bruxelles, 1880.

Michels, H. Nervensystem von Oryctec nasicornis im Larven-, Puppen-
und Kaferzustande. (Zeits. f. VVissen. Zool., xxxiv., 1881.)

Newport, G. On the nervous sj'stem of the Sphinx ligustri Linn.,
and on the changes which it undergoes during a part of the meta-
morphoses of the insect. (Philosoph. Transact., 1832, p. 383-398,
and 1834, p 389-423.)

On the structure, relations, and development of the nervous
and circulatory sj'steras, and on the existence of a complete circu-
lation of the blood in vessels, in iVIj-riapoda and Macrourous
Arachnida. (Philosoph. Transact., 1843, p. 243-302.)

Newton, E. T. On the brain of the cockroach. (Quart. Journ. Micr.
Sci., 1879.)

Viallanes, H. Le cerveau de la guepe. (Vespa. Ann. Sc. Nat. Zool.,

1887.)

Le cerveau du criquet. (CEdipoda and Caloptenus. Ann. Sc.

Nat. Zool., 1887.)

b. Organs of Special Sense and their Physiologfy.

Carriere, J. Die Sehorgan der Thiere. Mlinchen u. Leipzig, 1885.

Exner, S. Ueber das Sehen von Bewegimgen und die Theorie des
zusammengesetzten Auges. Wien, 1875.

Die Fi-age von der Functionsweise des Facettenauges. (Biol.

Centralb., 1., 1881-2.)
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Graber, V. Die tympanalen Sinnesapparate der Orthopteren. Di-iiks.

AU;iil, Wicii, WW i., isTo

Grenacher, H. Untersuchungen ueber das Schorgan der Arthropoden.
CJcMliiii^in, 1S7'J

Hause, G. Fhysiologische und histiologische Untersuchungen ueber das
Geruchsorgan der Insekten. (Zeils. f. wisseu. Zoolof^ic, xxxiv., 'M\,
ISSO, Alpstract in Aiiur. Nat., xxi.. 279, 1887.)

Kraepelin, K. Ueber die Geruchsorgane der Gliederthiere. Ilamburir,
lSN;i. (AI>-lr:Hl in Aimr. Nat , \.\., sM», 'j:;5, isst!; xxi., 182, 1887.)

Krancher, 0. Dit l>au (U-r J>li_Lriii(ii hv\ ik-ii lii.si'ktt'U. (Zcils. f.

wisstii Zooio.ijic, XXXV., .j05, 1881.)

Landois, H. Die Ton- unci »^timniapimrulc der In.secteu. Leipzig,
181)7.

Leydig, F. I'eber Genulis- luul Gelukorgane der Krebse uud lu-
.sectcn. (Kciclicrt ii. dii Hois-Kcyinoiid's Arch., 18GU.)

Patten, W. Eyes of Molluscs and Artlu-opods. Najdes. (Ab.straet iu

Jdurii. .Morpli. p. tiT, vol. i., No. 1.) J5i).-<tt)n, 1887.

Plateau, F. Recherches experimentales sur la vision chez les Insectes.

(Hull, dc TAc.-id liny. Sc. de JJclgitpie, 1885.)

V/ill, F. Das Geschmacksorgan der Insekten. (Zeits. f. wisseu.
Zoologie. ISM.").

)

Also the \siiliiiirs of Bonsdorf, Burmeister, Erichson. Forel. Gazag-
naire, Graber, Hicks, Huber, Kiinckel, Lehrman, Leydig, Lubbock, New-
port, Ferris, Pierret, Plateau, Siebold, Voges, and Woltf.

c. Organs of Circulation and Respiration.

Chun, C. Rectal Dniscn bei deu Insekten. (Abli. d. Seukenberg.
Nalurf. Ges., x., 1870.)

Graber, V. Ueber den propulsatorischcn Ai>parat der Insekteu.
^Anli. f. Mikr. Anat., ix., 1872. Heart and I'cricardiuni.)

LangendorfF. iStudien ueber die Innervation <ier Athembewegungen.
— l);is Atlunungscentrum der Insekten. (Arch, f Anat. u. Phys.,
18S^i.)

Lubbock, J. Distribution of trachea' in insects. (Trans. Linn. Soc ,

will., 1800.)

MacLeod, J. La structure des trachees, et la circulation peritrache-

v'AWv. Hruxellcs, 1880.

Packard, A S. On the nature and crigin of the so-called " spind
tlucad of tnu-h(ve. ( Anicr. Nat., xx., -1:^8. 188G )

Pabnen, J. A. Zur Morphologic des Tracheensystem. Leipzig, 1877.

Plateau, F. Recherches experimentales sur les mouvements respiratoires

des Insectes. (.Mi'in. dc I'Aciui. Roy. dc Htlgiiiuc. \lv.. Issl.)

Rathke, M. H. Untersuchungen uber den Athmungsprozess der In-

sekten. iSclnift. d. rhys. Ock. CJcs. Konigsbirg. i., 18G1.)

Verloren, M C. Mcnioire sur la circulation dans les insectes. (Acad.
Roy. de Belgique, xix., 1847.)

d. Organs of Digestion.

De Bellesme, Jousset. Recherches experimentales sur la Digestion
des Insectes. Paris, 1875.
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Plateau, F. Recherches sur les phenomenes de la digestion chez les in-
sectes. Biuxelles, 1874.

e. Organs of Locomotion and their Physiologfy.

Carlet, G. Sur la locomotion des insectes et des Arachnides. Compt.
Reudus., Ixxxix., 1879.

Dahl, F. Beitriige zur Kenntuiss des Baues und der Funktionen der
Insfktenbeiue. Berliu, 1884.

Dewitz, H. Ueber die Fortbewegung der Thiere an senkrechten
glatten Fliichen vermittels eines Secretes. (Zool. Anzeiger, 1884,
400; 1885, 157.)

Lendenfeld, R. von. Der Fliig der Libellen. (Akad. d. Wissensch.,
Ixxxiii., 1881.)

Marey, E. J. Animal Mechanism. New York, 1879. (Flight of
Insects.)

Plateau, F. Articles on the relative and absolute muscular force,
in Bull. Acad. Roy. de Belgique, 1865-84.

/. Organs of Reproduction, Ovipositor, etc.

Brandt, A. Ueber das Ei u. seine Bildungsstatte. Leipzig, 1878.
rewitz, H. Bau u. Eutwicklung d. Stachels, etc. (Zeit. f. Wissen.

Zool., XXV., 1875; xxviii., 1877.)
Kraepelin, K. Untersuchungen ueber d. Bau, Mechanismus u. d.
Eutwickluua: des Stachels d. bienartigen Thiere. Zeils. f. "Wissen.
Zool., xxiii , 1873.)

Lacaze-Duthiers, H. Recherches sur I'armure genitale femelle des In-
sectes. Plates. 8vo. Paris, 1853.

Packard, A. S. On the structure of the ovipositor and homologous
parts in the nuila insect. (Proc. Boston Soc. Nat. Hist., xi., 1868.)

Palmen, J. A Ueber pimrige Ausfuhrungsgilnge der Geschlechts-
organe bei lusekten. Helsingfors, 1884.

Embryology of Insects.

Ayers, H. On the development of (Ecanthus niveus and its parasite
Teleas. (Mem. Bosl Soc. Nat. lli.-^t., 1884.)

Balfour, F. M. A treatise on comparative embryology i ii London
1880-81.

Brandt, A. Beitrage zur Entwickelungsgeschichte der Libelluliden und
Hemipteren, etc. St. Peter.•^l)u^l^. lS(iS.

Hatschek, B. Beitrage zur Entwickelungsgeschichte der Lepidopteren.
Jena, 1877.

Kowalevsky, A. Embryologische Studien an Wiirmen und Arthro-
poden. St. Petersburg. 1871.

Patten, W. The development of Phryganids. (Quart. Journ. Micr.
Sci., xxiv., 1884.)

Weismann, A. Ueber die Entstehung des vollendeten Insekts in
Larve und Puppe. Ein Bcitrag zur Metamorphose der Insekten.
Frankfurt a. Main, 1868. 4to.
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Weismann, A. Die Entwickelung der Diptoren im £i, nach Beobach-

tungen an Chironomus. Musca vomitoria und Pulex canis. iZcil-

Sflirit't fur \vi»tiis. Zoulnirii'. .\iii . i'.
l"? 'Jt>4 /

Die uatlu'inhiytmak' Eiitwicki-lun^ il«r .Muscitlen luioli Beo-
bachiuugfii ail .Muscii vomitoria unci Sarc<>iiliaj,'a cariiuria. (TLe
sjiiiic, xiv., p. lt<7-i):{G.)

Zaddach, 0. t utersiuliunf,' iiher die Entwicki'huie: und dt-ti Ban der
(iliedcTthicre. Hell I. Die Eiitwickeluug des Pliryg^ttiiidt-u-Eics.

Jk-rliu, 1^54.

AIm) iiitir.oirs by Bobretzky, Brandt, Bmce. Btitschli, Clans, Dewitz.

Ganin, Grimm, Herlwig, Korotneff, Leuckart, Ludwig, MetschnikofF,

Melnikow, Nusbaum, Packard, Pa:ten, Tichomiroff, Wagner, and Zacha-

rias.

Phylogeny or Origin of Insects.

Brauer, F. Ik-lrachtiuiireii uebt-r die Verwaiulluiiir der Iiiseckten im
Simie der Desceiideiiz-tlieorie. (Verb. Zool. bot. Ges. "Wien., 1869.)

Lubbock, J. On the orijrin and metamorphoses of lusects. London,
1S74. (Also Jovnii. Linn. Soe. London, xi ,422, 1873.)

Mayer, P. Ucber Dntopeuie und Phylogenie der In.sekten. (Jena.

Zeits. f. isat., X., 1870.)

Packard, A. S. Hints on the ance.stry of insects. (Chapter xiii. of
•• Our Common Insects.") Boston, l!S73.

Review of .Mayer's article. (Anier. Nat., x.. 688, 1876.)

Genealogy of the HexaiKula. (3d Hep. U. S. Entomological
Commissiou, 295-304, 1883.)
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GLOSSARY.

AiJ-DOMKN (Lat. abdo, to bide,

to conct'ul). The tliird or

hiiuli'iiuost division of the

body; tlu' liiiid body.

AuKU KANT. Dc'partiiii,' from
tlie regular or normal lypi-.

A-»()ut'ed. Obsok'to or atro-

pbicd.

A-CA-lA'l' THA-TA. Tliose Hies

(Muscida-) in which the tci^nila'

aru absent or riidinicntary.

A-cu Mi-NATK. Endin:,' in a pro-

longed point.

A<;a-.M()-okn K SIS (CJr. a, with-

out; f/(i»ti\ marriage; ffc>u\'<i^,

bin In. Kiproduttion without

fertilization by the male.

Ar/u-LA. The membran»)usflap

on the ba.se of the wing itself

of dies.

A-MK-TA 1H)-LU' (Cir. (/, without;

m:tal>oh\ ehange). Ueferring

to inseets and other animals

Avhieh do not undergo a meta-

morphosis.

Anai. ANtii.K. The hinder and
iniur eorner of a wing.

A-N.\.L o OY(Gr. anulogia, propor-

tion). The relation between
organs which differ in struc-

ture, but have a similar func-

tion; as the wings of insects

and birds.

A-NAS-T()-M()'siNQ. InoscvUating

or running into each other like

veins.

An-uko-co Ni-A (Gr. aner, gen.

aiulros, man ; Aonin, dust).

Small scales of various .shapes

peculiar to many male butter-

tlies.

An NiT-LATK. When a leg or

antenna is svirrounded by nar-

row rings of a different color.

An-tk ci:'hi-tai,. Pertaining to

the space between the \nisv of

the wing and the iiihIuj*, in

dragon-Mies.

An-te-iiu .ME-KAi.. Relating to

the space immediately before

the origin of the wings.

An-ti'oe-ny. Opposition or an-

tagonisni of the .se.xes, embrac-

ing all forms of .secondary

sexual diversity.

A i'l-CAL. lielaling to the apex

or top; in an insect's wing,

relating to the |)oint farthest

from the insertion.

AriCAi, SECT015. One of the

longitudinal veins of llie apex

of the wings, in dnigou-tlies.

A-imd-kme'. An inwardly
directed pnn ess to which a

muscle is attached.

A'l'o-Dous. Footless.
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Ap-pen-dic'u-late. Where the

joints of the antenme have

articulated appendages.

Ap'te-rous (Gr. a, without; pte-

ron, wing). Destitute of wings.

A-rach'ni-da (Gr. arachne, a spi-

der). The class of Arthropods,

embracing the spiders, scor-

pions, and mites.

A-REO-LA or A-REo-LET. One
of the little spaces into which
the wing is divided by the

veins or venules.

A'ke-o-late. Furnished with

small areas; like a network.

A-RiSTA. In Diptera a slender

bristle situated upon the upper

border of the third joint, mi-

croscopically jointed near its

base. (Williston.)

A-ris'tate. Furnished with a

hair, or arista.

A-ro'li-a. a plantula or climb-

ing cushion; one of the lobes

of the pulvillus.

Ar'thro-mere. (Gr. arthron, a

joint; meros, a part or segment).

A segment or ring of the body
of an Arthropod; somite.

Ar-throp'o-da (Gr. arthron,

joint; poiis, podos, foot). That
branch or sub-kingdom em-
bracing the Crustacea, Podo-

stomata(Merostomata and Trilo-

bita), Arachuida, Myriopoda,

and Insecta.

A-&Ex'u-AL. Applied to animals,

especially insects, in which the

ovaries or reproductive organs

are imperfectly developed; and

v/hich produce eggs or young
by budding.

At'ro-phied. Wasted away,

wanting, obsolete, aborted.

Au-RELi-A. Old term for the

pupa of an insect.

B^-No'po-DA. The thoracic legs

of insects.

BiE'No-soME. The thorax of in-

sects.

Bi'fid. Divided into two parts;

forked.

Blas'to-derm {hlastos, a bud or

sprout; derma, skin). The

outer layer of the germ-cells of

the embryo.

Bra-chy'ce-ra (Gr. brachus,

short; keras, horn). Applica-

ble to those Diptera ortliorlm-

pha, having short, 3-jointed

antennae.

Branchi-a. a gill or respira-

tory organ of aquatic animals.

Bran'chi-.vi.. Relating to the

gills or branchiae.

Buccal. Relating to the mouth-

cavity; or rarely to the cheeks.

Bui/late. Blistered.

Bur's.\. a wing-pouch in the

hind wings of males of cer-

tain caddis-flies, and in connec-

tion with a stalked pencil of

hairs.

Cal'ca-ra-ted. Armed with

spurs.

Cal-losi ty. a thickened spot;

a small knob.

C^A-LYP TRA-TA (Gr. kaluptra, a

covering). Those flies (Mus-

cidaj) which have tegulae or

membranous scales above the

halteres.

Ca-nal-tc'u-late. Channelled;

excavated longitudinally.
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Can'cel-latk. Crossed by lines

going al right angles to each

other; latticeil.

Can'thi'8. Th" c'hitinous pro-

jection dividing the double

eyes of certain beetles (Ateu-

ebus, Geotrupes, Gyrinus).

C'a'pi-tate. Ending in a knob.

Ca-imtu-lum. The knob of

club-shaped antenna>.

C'ak DoiLat. atrdo, a hinge). The
basiil joint (}f the maxilla, sup-

porting the siijv^.

Ca-kina. An elevated keel-

Hke sharp ridge.

(.'au'its. The pterostigma of

dnigon-flie.s.

('ak I'N-CLE (Lat. enruneuln, dim.

of euro, dcsh). A luiked, soft,

tleshy excrescence or protuber-

ance.

Cai-ca ur-r.M (Lat. calcar, a

spur). One of the spines on

an insect's foot.

Cell ULE. A little area on the

wing surrounded by veins.

Ce riiAi/ic. Relating to the

cephalum or head.

CE-rH.\i/o-Mi:itK. A cephalic

segment of an Arthropod.

Ce-vh Al. o-so.mk. The head of in-

,secl.s,Arachnidaand.Myri()poda.

C"EK-(o'pt)-nA (Gr. ccrco», tail;

jwiis. podos, foot). Tlie last

pair of jointed abdominal ap-

pendagesof inseets;the "cerci."

Chekk. The space, in Diptem,

between the lower border of

the ej'e ami the oral margin,

merging into the face in front,

and limited by the occipital

margin behind. OVilliston.)

Che'l.\. The termirnil i>ortion

of a limb with a movable

latenil part, like the claw of

a crab; as in the chelate maxilla

of the scorpion.

Chi'tin (Gr. chiton, a tunic).

The substance which forms

less than one half by weight

of the integument of insects,

and dilTering from horn in be-

ing insoluble in boiling liquor

potas.ste.

CniTi-Nors. Compo.sed of chi-

tiu; chilinous color is amber-

yellow.

C'lU) Ki-ox. The shell of the e^g.

C'nuY SA-i-is. The pupa of Le-

piditptem.

Chyle (Gr. chulos, juice). The
milky fluid resulting from the

action of the digestive lluidson

the food or thyme.

CiivMK(Gr. f/iM7/i<w, juiceV The
acid, partly tluid or partly

digested food, produced by the

action of the gastric juice on

the food.

Cil'i-ate. Fringed.

Cii/i-r.M (pi. cilia). Micro.'scopic

lilaments attached to cells,

usually within the body, and

moving usually rhythmically.

CiN-E UE-ois. Ash color; color

of wood-ashes.

CiNGV-LA. A colored band.

Cla VATE. Clul)-shaped.

Cl.\vo-la. The terminal divi

sion of the antenna: the same

as flageUum.

Co-.\iic T.\TE. Contracted; ap-

plicable to the pupa-case or

puparium of Diptcra.
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Cce'cal. Ending blindly or in a

cul-de-sac.

CcECUM. A blind sac; usually

applied to one or more append-

ages of the digestive canal.

Col'lo-phore. The sucker-like

organ extended from the under

side of the abdomen of Podu-
rans.

CoM-Mis'sTJRE. The nerves con-

necting two ganglia.

Com-press'ed. Flattened later-

ally.

Con-col'o-bous. Of the same
color as another part.

Condyle. In insects, a process

at the base of the mandible,

by which the latter is articu-

lated to the lower end of the

epicranium.

CoNFLtJ-ENT. Flowing or grow-

ing together.

Con'nate. United; not sepa-

rated by an articulated suture;

also applies to the union of

the elytra where the hind

wings are absent.

Cor'bel. a more or less oval

space at the distal end of the

tibia in beetles, and sur-

rounded by a fringe of short

minute bristles.

CoR-Bic'u-LA. The pollen-bas-

ket; formed by the hollow

outer surface of the hind tibia

of bees, with hairs on the side

and some bent over to keep

the load of pollen in place.

Cordate. Heart-shaped.

Co-ri-a'ce-ous. Leathery.

Cob'he-ous. Horny, chitiuous.

Cor'ni-cle. The pair of tubes

on the end of the abdomen of

Aphides. (Siphunculus.)

CoRTi-CAL. Relating to the cor-

tex or inner skin; external, as

opposed to medullary.

Costal (Lat. costa, a rib). Re-

lating to the ribs.

Cre'nate. Scalloped, with

rounded teeth.

Crib'ri-form (Lat. cribrum, a

sieve
;
forma, form). With

perforations like those of a

sieve.

Crop. A partial dilatation of

the gullet or oesophagus, the

ingluvies; in many insects the

fore stomach or proventricu-

lus.

Cu'pRE-ous. Coppery in color.

CuTi-CLE. The outermost layer

of the integument.

Cre'mas-ter. The stout spine

at the end of the pupa; of

Lepidoptera.

Crura (Lat. crus, a leg). A prop,

Cten'i-di-um (Gr. ktenion, a

comb). Comb-like structures

situated on various parts of in-

sects, especially fleas, Nycteri-

bia, etc.

CuBi-TUS. The vein just be-

hind the radius, or median, in

dragon flies, etc.

Cul-tel'lus. One of the blade-

like mandibles of flies.

CuLTRi-FoRM. Shaped like a

pruniug-knife.

Cu'ne-i-form. Wedge-shaped.

Cu-PtTLi-FORM. Like a cupule;

Lat. cupula, a little tub.
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De-cidi' OU8. Reluling to parts

wliicli fall oil or are shed dur-

ing life, as the gills of the

frog, etc.

Dentate. Furnishedwitli teeth.

De.n Ti-CLE. A.'^iuall tooth.

Dk-i'UEsseu. Inclined down-

ward, or llatteued from above

downward.

Dkkm a-toi'-tk-k.\ (Gr. derma,

skin; pteroii, wing). The ear-

wig.s.

Dei-tom A-L.K. The third pair

of head appendages of ^lyrio-

poda.

Di-ciiopTic. Separation of the

eyes by the front in all females

and some males of certain

Diptem (llelophilu.s, etc.).

I )iK-KKK-KX-Ti-A TioN. The Spe-

cialization or .setting apart of

special organs for .special work,

as the special izjit ion of the

hand of man as compared with

the fore foot of other mam-
mals ; al.>^o apjilied to the

special development during

embryonic life of parts adapted

for peculiar or special func-

tions.

Dill IT. A linger or toe.

Di-GoxEU-TisM. The power of

producing two bro<xls in a sea-

son.

Dl-I.AT ED. Widened, cxjianded.

Di-Min i-ATE. Half round.

Di-a: ci-oi's. (Gr. din, two

;

oikos, house). With distinct

sexes.

Dip TE-KA (Gr. d!«, two; pieron,

wing). Two-wiugcd flics ; an

order of insects.

DiB-coi u.vL. Relating to the

disk or middle; di>>cal.

Di8 T.\i.. Applied lo the farther

end of a joint.

Di-VAit i-CAT-ED. Spreading

apart.

Di-VEU-Tic'c-LUM. An offshoot

from a vessel or from the ali-

mentary canal.

Do-LAU iu-F<titM. llatchet-shap-

ed.

Dor'scm. In Diptera, the whole

upper surface of the thoni.x,

limited laterolly 'jy the dorso-

phural suture", posteriorly by

the scutellun^, and anteriorly

by 'he neck.

Duct. A tube ( r pas.sage usu-

ally leading froni glands.

Ec-uy'sis (Gr. ekduniji, casting

off). The process of casting the

skin; moulting.

E-DENT u-Locs. Destituteof teeth.

Er.o'-ni'RST eh. A i>rojecting

ridge or jxjint o\\ the head or

other parts of certain embryos

used in breaking open the egg-

shell, in hatching.

E-i.A TEU. The spring or forked
" tail " of Podunuis.

E-LY TU.\ (Gr. fhitroii, a sheath).

The fore wings of beetles,

serving to cover or sheathe the

hinu wings.

E-MAii Gi-XATE. AVith an ob-

tuse incision.

Em no Li-i'M. The lobi-s on each

side of the prothonix in ile-

miptera (Ficbcr).

E.M liUY-o. Tlie germ or young

animal bif.t leaving the egg

or body of the parent.
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Em-pod'i-ttm:. The spurious claw

(pseudonychia) situated be-

tween the two normal claws;

e.g., Lucanus,

En' te-ron (Gr. enteron). A gen-

eral term applied to the diges-

tive canal as a whole.

En-tire'. With a simple, not in-

dented, edge.

Ep'i-lobe. In Carabidae, a lateral

appendage of the lobes of the

mentum.
Epi-phar'ynx. The soft fold or

projection within the mouth

situated under the labrum.

E-piph'y-sis. In Lepidoptera, a

stout spur on the fore tibia.

Any projecting process.

E-pi-plu'ra. The portion of the

elytron of a beetle bordering

the inner edge of the inflexed

portion of the elytron. (Le

Conte.)

E-pis'to-ma. That part of the

face of flies situated between

the front and the labrum; the

clypeus.

E-RU'CA. Caterpillar.

Ex-cis'ed. Cut off.

Ex-curv'ed. Curved outwards.

Ex'PLA-NATE. Spread or flatten-

ed out.

Ex-sert'ed. Protruded, thrust

out; opposed to enclosed.

Ex-u'vi-TJM. The cast skin of in-

sects; exuviate, to cast the skin

;

to moult.

Fa'ci-es. The face, in Diptcra.

Fal'cate. Sickle-shaped.

Far'i-nose. Mealy.

Fas'ci-a. a stripe broader than

a line.

Fauna. An assemblage of ani-

mals peopling any given region

or country.

Fa-vose'. Pitted, scrobiculate.

Fe-nes'trat-ed. Marked with

transparent spots surrounded

by a darker color, like window-

panes.

Fer-ru'gi-nous. Rust-colored.

FiL-i-FORM. Thread-like.

Fim'bri-ate. Fringed.

Fis-sip'a-rous (Lat. Jis»us, cleft;

paiio, to bring forth). Ap-

plied to a form of asexual gen-

eration where the parent splits

into two parts, each part be-

coming a new individual.

Fla-gel'lum. The terminal di-

vision of the antenna, in wasps,

bees, etc.

Fla-ves'cent. Somewhat yel-

low.

Flex'u-ous. Almost zigzag.

Fo-li-a'ce-ous. Leaf-like.

Fo-ra'men. An opening; a per-

foration.

FoRCi-PAT-ED. Forceps-like.

For'ni-cate. Concave within

and convex without.

Fo'vE-A. A rounded cavity.

FovE-o-iiATE. Covered super-

ficially with cavities like a

honeycomb.

Free. Unrestrained in articulat-

ed movement; not soldered at

the points of contact.

Frkn'u-lum. Diminutive of

frenum, a bridle, or baud. Tne

sanieasfrenum; or, in Cicadae,

the triangular lateral piece on

the mcsonotum which connects

with the trochlea.
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Fiik'num. a luimte or triiingu-

lar portiou at the inner and

hinder base of the wing, in

Trichoptem mid Odonata.

Fkont. The fore face Injunded

by the vertex, eyes, and often

beneath by the episttima or

clypeus.

Fui, cuiM. The chitiuized walls

of the i)harvn.\.

FL'-i.ici'i-Nt)rs. Of the color of

dark smoke.

Fi:L-vo-^t: NE-ous. Brazen, with

a tinge of brownish-yellow.

Fulvous. Tawn}', color of

the common deer.

Fu-Ni'CLE. A small cord; a slender

stalk. That part of certain anten-

nie between the scape and club.

Flu-c.\ted. Forked.

Ft:s co-test'A-CE-ois. Dvdl red-

dish bn)wn.

Fus'cofs. Dark brown, jip-

proaching black.

Fu'si-FOH.M. Shaped like a

spindle ; e.g., the antennte of

the sphinges.

Gai^'e-a. The middle division of

the maxilla, situated between

the lacinia and paljnger.

GanoM-on (,CJr. (jiiijiiUoii, a swell-

ing or lump). A centre of the

nervous system, consisting of

nerve-cells and fibres.

Ge.m'i-natk. Arnmged in pairs;

twin.

Gkm-mip A-R<)rs(Gr.^r;Hj?jrt,bud:

pario, to bring forth). Ap-

plied ti> a form of asexual gen-

enition where new individuals

arise as buds from the body of

the parent

Ge NA. Cheek.

Ge-nic U-L.\TE (Lat. genicuUituti).

Bent abruptly like a kuee or

elbow; elbowed.

Giij'uous. Intlaietl, swollen.

Gla BKois. Smooth; opixjsed

to hairy; downy, villous.

Gland. A cellular sac which

secretes, i.e. separates, certain

constituents of the blood. The
liver is a gland secreting bile;

the kidneys excrete urine.

Glau cous. Bluish green or gray.

Glo-bose'. Globular, spherical.

Gnatu'ite. a jaw or jaw like

appendage. The gnathites are

the mouth-parts.

GoN-A-i*oPii Y-sis. (Gr. ^o«^, fe-

male; (ijkfjifii/ni.i, process). IVo
jiairs of elongat«'d processes in

the cockroach, arising froui the

tithand 9th abdominal rings.

(Huxley.) They appear to be

the cipiivalentsof the rhabdiles

composing the oviiH)sitor of

other insects.

GoN-oPo-DA (Gr. gone, geneni-

tion; ]iou,i, jyodos, foot). The
moditied first pair of abdomi-

nal appendages of I he male lob-

ster, shrimps, and crabs.

Hah i-T.\T. The jilace or region

an insect iidiabils.

Hal TEK-Es (Gr. h<ilU're4>, ]>ois

ers). Balancers: the rudiment-

ary hind wings of Diptera.

Ham .\TE. Furnished with hooks.

Ham ULE. A little lux)k.

Ha."<t'.\.te. Halbenl shaped.

Havs TEL-i.ATK. Furni.><hed with

a probiist i- so as to take food

by suction.
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Hem-e-ly'tra. Applied to the

partly thickened fore wings of

Hemiptera.

He-mip'te-ra (Gr. Jienii, half;

pteron, wing). An order of

insects with the fore wings
partly opaque,which are called

hemelytra.

HER-MArHRo-DiTE (Gr. Hermes,

Mercury; Aphrodite, Venus).

Any animal having the organs

of both sexes, usually the

ovary and testes, combined in

the same individual.

Het-e-ro'ce-ra (Gr. heieros,

different; keras, horn). The
moths, in which the antennae

are of different shapes, as dis-

tinguished from those of but-

terflies.

Het-e-rog'a-my. Parthenogene-

sis ; applied to those cases in

which two sexual generations

or a sexual and parthenoge-

netic generation alternate.

IIet-e-ro-gy'na (Gr. Jieteros, dif-

ferent; gune, woman). The
ants; referring to the different

kinds of individuals of ants,

i.e., the females and work-

ers, as distinguished from the

males.

Hex-ap'o dous. Provided with

six feet.

Hl-BER-NAC'U LUM. A tent

made out of a leaf in which

the larva hides or hiber-

nates.

Hir-sute'. Clothed with stiff

hairs.

HoL-or TIC. Contiguity of the

eyes in the male fly, between

the vertex and the antennae.

(Williston.)

Ho-MOLo-GY (Gr. homologia,

agreement). Implies identity

in structure between organs

which may have different uses;

as the fin of a whale, and the

foot of a dog, or a bird's wing.

Homology implies blood-rela-

tionship, i.e., a community of

origin between parts which
may have distinct uses.

HuME-RAL. Relating to the hu-

merus.

HuME-RUS. The anterior supe-

rior angle of the thorax in Dip-

tera.

Hy'a-line. Transparent.

Hy'da-tid. The bladder-worm,

or the cystic stage of a tape-

worm.
Hy-men-op TE RA (Gr. hmnen,

hymen, or membrane; pteron,

wing). An order of insects

with two pairs of membranous
wings.

Hypo-derm. The cellular layer

which secretes the chitinous

cuticula.

Hypo-glottis. A piece situat-

ed between the mentum and
labium in Clavicorn and Serri-

corn beetles.

Hy-pom'e-ra (Gr. hupo, under;

meron, part). The inflexcd

sides of the elytra of beetles.

(Casey.)

Hy-po-phar'ynx. The lingua;

Huxle}' restricts it to the base

of the lingua.

Hy-po-pyg i-uM. The male sex-

ual organs and terminal seg-
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tnents of the abdomen in Dip-

terii.

1Iy-!'<)s'to-.ma. The (•lyi)eus in

Diptera.

Im .\-(i<). The linal, or fourth,

winged and adult state of in-

sects.

In-ci'si'uks. The sutures sepa-

mting the segments.

In-cuass AT-Ki). Rounded and
.somewhat swollen.

Ln FU-MAT-ED. Clouded.

In-fus CAT-ED. Darkened, with

a blacki.sh tinge.

In-olu'vi Es. The crop.

In-sti Ti-A. A stria of equal

lireadlh throughout.

In-teu-iu'1"t Eu. Suddenly
stopped.

In'vo-li'T-ed. iiolled inwards

spinilly.

lUKo-KAT-EU. I"Yeekled; sprin-

kled witli atoms.

La-cin i-A(Lat. Uicinia, a lappet).

The first or innermo.st division

of the maxilla.

L.\.-ciN i-ATE. Cut into sharp

lobes; jagged; toothed, as on

the inner edge of the lacinia.

La-mei.'ui-fok.m. Leaf-like.

Lamina. A plat or sheet-like

piece.

Larva (Lat. Utrra, a mask).

The second stage of the insect;

a caterpillar, grub, or maggot.

L.\K vi-KouM. Larva-shaped.

La-te-hi Ti-ors. Brick color,

inclining towards yellow.

Le«, false. One of the abdom-

inal legs of a caterpillar.

LiEAt[-gate. With a smooth,

somewhat shining .surface.

Lio-niv'o-rocs. Eating wood.

Luj r-LATE. Strap-shaped.

LiM H.VTE. When a disk is sur-

rouniled by a margin of a ilif-

ferent color.

Lin E-AK. Like a line, or thread-

like.

Lin E-AT-ED. Provided with

line like marks.

Lo'r.\. The submentum; small

corneous cords upon which the

base of the proboscis is seated.

(Say.)

Lumen. The cavity of an organ.

LuNCLE. A crescent -shaped fig-

ure or spot.

Mac-uo-ch.e't.e. Bristles, or

large still seta-, on the thonix

and legs, never on the head,

of certain Diptera (Volucella.

etc.). (Willistou.)

Ma-i-i I'E i)Es. The fourth and

fifth pairs of head -appendages

of chiIoi>od MyrioiHMis.

M.\.L-LorH A GA (Gr.MkiWo*, wool;

phagein, to eat). The bird-lice,

a sub-order of Platyptera.

M.\N DI-UI.E (Lat. vMiuio, to

chew). The first pair of mouth-

a]>pendages.

Man-diu r i.ATK. Provided with

mandibles.

MAU'GIN-.\T-En. Surrounded by

an elevated or attenuated mar-

gin.

>L\x iL-i,A (Lat. maxilla, a jaw,

the diniin. of imilfi). Tlie see

on«l and third pairs of mouth-

appendage^: the second pair

being uniti il and usually cjilled

the lahiuiii.

ALe-cap TE-KA (Gr. meca*, long;
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pteron, wing). The order of

insects represented by Panor-

pa.

]VIel-an-ism' (Gr. melas, black).

Where an insect is abnormally

or unusually dark.

Mem-bra-na'ce-ous. Thin; skin-

ny; semi-transparent like

parchment.

Men'tum (Lat., the chin). The
basal piece or sclerite of the

labium or second maxillae of

insects. Submentum is the

posterior division of the meu-

tum.

Mes-en'te-ron. The mid-gut or

stomach.

Me-ta-mere'. The same as so-

mites or arthromeres.

Mo-NHi'i-FORM. Like a string

of beads.

Mon-ce'ci-ous (Gr. inonos, single;

oikos, house). With both

kinds of sexual glands, etc.,

existing in the same individ-

ual.

Mu'cro-nate. Ending suddenly

in a sharp point.

Mu'tic. Unarmed.

Myr-i-op'o-da (Gr. murios, thou-

sand; pons, podos, foot). The

class of Tracheates compris-

ing the Millipedes and Centi-

pedes.

Mys'tax. In certain Diptera, a

patch of bristles or hairs, im-

mediately above the mouth, on

the lower part of the hypostoma,

below the vibrissoe. (Say.)

Ne-phrid'i-a (Gr. nephros, kid-

ney). The segmental organs

of worms, etc.

Netj-ra'tion. Sometimes used

for the venation or system of

veins of the wing.

Netj-rop'te-ra (Gr. neuron,

nerve; pteron, wing). The or-

der of net-veined insects with

a complete metamorphosis.

NiD A-MENTAL. Referring to a

nest, or egg-sac.

Node. A knot; a knob; nodi-

form, node-shaped.

No BUS. A stout, oblique, short

vein in the Odonata, at the

place where the anterior mar-

gin of the wings is somewhat

drawn in.

Nymph. Usually used as an

equivalent of pupa; but in

insects with an incomplete

metamorphosis applied to the

whole period from hatching

to the complete winged stage;

as in may-flies, Orthoptera,

etc.

Ob-cordate. Inversely heart-

shaped.

Ob-o'vate. Inversel}^ ovate; the

smaller end turned towards the

base.

Ob'so-lete. Indistinct; almost

lost to view; disused; rudi-

mentary.

Ob'tect-ed. Covered ; con-

cealed.

O'cHRE-oxJS. Of a more or less

deep ochre color.

O DONA. Applied to the pecu-

liar mouth-parts of Odonata

(dragon-flie.s) by Fabricius, on

account of the long teeth on

the labium, etc.

O'do-na-ta (Gr. odous, odontos,
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tectb). (Derivation oliscurc.)

The drugou-lliL'.s.

CE-soPii A-GUs (Gr. ouio», a rued;

phagein, to eat). The gullet.

O-Li-VACE-ous. Olive-colored;

rich dark green.

On-too'k-ny (Gr. on, ontos, be-

iug; gt'nf, birth). The devel-

opment of the individual, Jis

di.stiuguished from that of the

specie-s.

O-NYCU i-.\ (Gr. o?*./^, nail, claw).

A small, more or less retrac-

tile bristle in the feet of

beetles; the empodium of dies;

pseudonychium.

O-PEu'cr-Li-'M. In tlie.s (Mu.sca)

e<iuivalent to the labrum-

epipharyn.x, the latter being

composed of the labruni above

and epipharynx l)el(tw. (Dim-

mock.)

Okal. Related to the mouth.

OuHiT. The ring surrounding

the eye.

Ou-Tiioi'TK-R.K. (Gr. orthos,

stniight; pteron, wing). The

order of insect.s with straight

narrow fore wings, as the

gnus-shojipers.

<)s-.MATK Ki-A (Gr. osmctm, that

ciui be smelt). The V-shaped

retmclile scent-organs of the

larval Papilio.

OsTi-.\. The slit-like openings

of the heart.

0-v\-Rt-oi,K'. An ovarian Inlx*.

(Huxley.)

O-vir A-Kois(I.rfit. ornm, an egg;

piirio, I bring forthK Applied

to animals bringing forth eggs

instead of living, active young.

O-vi-ro-si TioN. The act of egg-

laying.

O-vi-i'osi-ToH (Lat. otHtn, an

egg; pono, I place). An organ

in insects homologous with the

sting, by which eggs are de-

posited in solid substances.

O vi-s.KC. A S!ic or bag-like uiem-

bnine attached to the parent,

and containing eggs.

0-vo-vi-vip A uous (Lat. ovum,

an Q^^g; rims, alive; jMirio, I

bring forth). Applied to such

animals as retain their eggs

in the body until they are

hatched.

P^:-Do-oK XK-sis. Parthenoge-

nous development in larval in-

sects.

Pal-pa ui-fM In Canibidtc,

etc., the palpal sup|H)rt; the

membnine to which the labial

palpi are attached, and which

admits of an amount of exten-

sion of these organs nut i>er-

missible when they are fixed.

(Horn.)

Pa-pii. i.A. A minute soft pro-

jection.

P.\UA-oLos.>j-.K. Appendages on

each side of the ligula.

Pa-ua-plei' 11,+:. The sternal

side pieces in beetles.

Paii-ap'si-dks iGr. jxira, near;

pieron, wing). Lateral pii^ces

of the meso- and metathorax

on each side of the scutellum.

Pauo-xvch i-a (Gr. para, near;

onujt, claw. nail). One or more

bristle-likr ap|>endages of the

onychiuni <*r pseudonychium.

Par-tiik-no-oex K-sis (Gr. p</r-
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thenos, virgin; genesis, genera-

tion). Reproduction by direct

growth of germs from the egg,

without fertilization by male

germs or spermatozoa, as in the

aphis, gall-iusects, thike-worm,

etc.

Pa-ta'gi-um (Gr. patageion, a

stripe or border to a dress).

The shoulder tippets; loose

pieces of the mesothorax, on

each side of the mesoscutum.

Pe-dun'cu-late. Situated on a

peduncle, or stalk.

Pel'li-cle. a thin skin, i.e.,

the subimagiual skin shed by

the May-fly.

Per-is-to'mi-um. The border of

the mouth, or oral margin, in

Diptera.

Per-i-treme'. The piece en-

closing the spiracle.

Pek-i-vis'ce-ral. (Gr. ^m,
around; Lat. viscera, the inter-

nal organs, especiallj^ of the

abdominal cavity). The body-

cavity, containing the alimen-

tary canal with its outgrowths.

Pet'i-o-lat ED. Stalked.

Pet'i-ole. a stalk.

Pha-kyn'ge-al. Relating to the

pharynx.

Pharynx (Gr. pharugx). The

back part of the mouth and

upper part of the throat.

Phy-log'e-ny (Gr. phulon, stem;

gene, birth). The development

by evolution of the members

of a genus, family, order, class,

or the animal kingdom as a

whole.

Phy-sap'o-da (Gr. phusa, bel-

lows; pous, foot). A synonym
of the Thysanoptera.

Phy-toph'a-gous. Eating plants.

Pi'cE-ous. Pitchy; the color of

pitch; shining reddish black.

Pile. Hair; often hair arranged

somewhat in rows.

Pi-LIFE-Rous. Pilose, or bear-

ing hairs.

Pilose. Clothed w^ilh pile, or

dense short down.

Plan'ta. Strictly the sole or

under side of the foot; accord-

ing to Cheshire, the first tarsal

joint of bees.

Plant'u-la. One of the soles or

climbing cushions of the foot;

also one lobe of the divided

pulvillus.

Pla-typ'te-ra (Gr. plains, flat;

pteron, wine). The order of in-

sects represented by the bird-

lice, white ants, Psocida; and

Perlidaj.

Pleu'rum. The side of the tho-

rax; pleurites, the pieces into

which the pleurum is divided.

Plexus (Lat. a knot). Applied

to a knot-like ma.ss of nerves

or blood-vessels.

Podi-cal Plates. The two
pieces on each .side of the vent;

thought by Huxley to be rudi

mcnts of an eleventh abdomi-

nal ring; united they form the

tergite of a rudimentary elev-

enth abdominal ring.

Pol'li-nose. Dusted over with

a tine powder.

PoL-Y-AN DRY. Where a female

insect mates with more than

one male.



OLOSSART. 349

Po-LYOA-MY. Where a innle iu-

sect mates with more thuu oue

femjile.

PoL-Y-ooNKU-TisM. The power

of producing seveml broods a

sejusou.

PuK o-K.\x. In front of the

mouth.

Phi ma-uii;s. Tlie fore wings of

Le|)idoi)tiTa.

Puo-nostis. The mouth parts

adapted for sucking.

Pkoc ESS. A projection; u.sed

chied}' in osteology.

Puot-ToD.*: UM. The primitive

hind gut, or rectum.

Pm)-ur t'KU. Dniwn out; pro-

longed.

Pk(» LEii, or Piior-LEO. Oue of

the ai>dominal legs of a cater-

pillar.

Pi;o rY-(ii ni-f.M. The dorsjil

segment or tergite in front of

the pygidium,st)metimes left ex-

posed by the elytni, in beetles.

Pkote-an-duy. The appear-

ance of males earlier in the

seasjon than females.

Pro Tv».M A-L.*:. Thesecoiul i>air

of mouth appendages of Myri-

opoda; the so-called mandibles

PiU) TO-PK.vs.M (Gr. protoit, tirst;

plasma, from pUusno, 1 mould).

The albuminous, elementary

matter forming cells and the

body-substance of Protozoa.

Pitox \-\i\\.{Ia\\. prorimm. next).

The Ii.\ed end of a limb, bone,

or appendage; that nearest the

body; opposed to distal, the

farther end.

Puu I NOSE Hoary; frosted.

PsEi'D-o-NVCii i-A. The spu-

rious or third claw; emjMj-

dium.

PsEL-m>-THACH E-.«. The tra-

chea like, chitinous, cylindrical

channels in the labellaof cerljiin

Hies, the ends of which project

beyond the edge of the tlesby

flaps (labella) and .seem to file

away the substances on which

the tly feeds. (Dimmock.)

Pteu-o-gos TIC. Referring to the

wings.

Pu-BEscENT. Coated with very

tine hairs.

PCLVE-ltU-LENT. Dusty.

PfL-viL us (Lat. a little cush-

ion). The pail between the

two claws of the feet. When
divided into two or three lobes,

each IoIk- is sometimes errone-

ously called a pulvillus.

Pl'xc Tiu-EU. Marked with nu-

merous small impressed dots;

punctate.

Pl'l'A (Lat. a doll). The third

or usually quiescent, chrysjilis

.stage of insects.

Pr-rATE . To become a pupa.

Pl-l'A TloN. The act tif becom-

ing a pupa.

Py-oid i-V.M. The rudimentary

terminal abdominal segment of

insects; in iH-etU-s the bust dor-

sal segment Ufl e.\|H)sed by the

clytni; more pmiK-rly applica-

ble to the last alxiomiiuil seg-

ment of trilobites.

Ra-di cr i.A. Itidicle; the b:ussil

joii5t of the antenna, attached

to the lit ;ld.

Ra'di-us. The vein just behind
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the subcostal vein, the median

vein of Lepidoptera.

Rap-tc'ri-aIi. Adapted forseiz-

mg prey.

Re-cli'vate. Curved in a con-

vex, then in a concave, line.

Re ciJRV-ED. Curved backwards.

Ren'i-form. Kidney-shaped.

Re-pand'. Wavy; with alter-

nate segments of circles and
intervening angles.

Re-tic'u-lat-ed. Marked like

network.

Re-trorse'. (Sinuate) pointing

backwards; (serrate) inversely

serrated.

Re-tuse'. Ending in an obtuse

sinus or broad, shallow notch.

Rev-olute. Rolled backwards.

Rhab'di TES. The blade-like ele-

ments of the sting and oviposi-

tor of insects.

Rho-pa-lo'ce-ra (Gr. rhopalon,

a club; keras, horn). Those

Lepidoptera with club-shaped

anteuufe, i.e., the buttertlies.

Ri-mose'. Full of cracks.

Rin'gent. Gaping.

Ros'trum. a beak.

Ru-FEs'cENT. Somewhat red-

dish.

Ru'fous, Reddish.

Ru-gose'. Wrinkled.

Run'ci-nate. Notched ; cut into

several transverse, acute seg-

ments which point backwards.

(Say.)

Sac'cate. Gibbous, or inflated

towards one end.

Sag'it-tal. Equivalent lo lon-

gitudinal.

San-guin'e-ous. Blood red.

Sca'brous. Rough like a file,

with small raised dots.

Scal'lop-ed. Edge marked by
rounded hollows without inter-

vening angles.

Scal-pellus. One of the lancet-

like maxilloe of flies.

Scape. The basal joint of cer-

tain antennte (LeConte); usu-

ally applied to the three basal

joints, as in Hjinenoptera, etc.

;

by some authors the second

antennal joint.

Scap'u-la. The shoulder-tippets,

patagia, or tegula?, in Lepi-

doptera.

Scle'rite. a single portion

of an insect's skin or integu-

ment, separated by suture from

the adjoining parts; the scu-

tum, scutellum, or sternum is

a sclerite.

Sco'PA. The stout bristles on
the hind tibi;e of bees, aiding

in forming the corbicula.

Scop'u-LA. The bristles cover-

ing the inside of the plantse,

especially of the hind feet;

scopa of Schrank. (Say.)

SCRO-Bicu-LATE. Pitted; hav-

ing the surface covered with

hollows; favose.

Scute. Applied to the dorsal

pieces in Myriopods.

Se-bif'ic. Oily; sebaceous.

SEc'oND-A-RrES. The hind wings
of Lepidoptera.

Sec'ix)rs. Longitudinal veins in

Odonata which strike the prin-

cipal veins at an angle, and
usually reach the apex or hind

margin of the wing.
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8Krt''l{l Ki>i!M. Ilatclut sliapfd;

clulubrifurm.

Sep'tum. a partition.

SE-KiCEoue. Iliivinir the sur-

fiice with a silkliki; {^lo.ss, usu-

ally from the prL'soiice of nii-

uuto, dense hairs.

Skk-ha TKU. Liki' the teeth of

a sjiw.

Sessile. Having no stalk.

Se-ta'ce-ous (Lat. netn, a bristle).

]5ri.stle-like.

Se-tose . Bristly; setous.

SiNU-AT-ED. Sinuous, winding;

with the edge scooped out.

So-.M.vr ic. Relating to tlie body.

SoM ITK. A segment of a seg-

mented animal, such as a

worm.

Sr.vTU-L.VTE. Battle-door, or

spoon shaped.

Si'KU MA-TUKCA. The sae or

reservoir iu the female con-

taining the spermatic particles.

SriN osk'. Full of spines; spin-

ous.

Sriu'A-ci.K (Lat. spiro, I breathe).

The breathing-hole, or lateral

opening into the trachea.

Si'u'ui-ors. Applied sometimes

to the cla\vle.><s. rudimentary

feet of the N'ymphalid butti'r-

tlies.

Sqia MA. The small scale above

thehalteresof ^luscids; tegnla.

SijUAM r-i,A. A very small, cor-

neous. concavo-conve.\ scale,

covering the base of the fore

wings in some insects. (Saj'.)

Slit AU HOSE. Scurfy; consist-

ing of rough scales spreading

every way. (Sjiy.)

Stetimd'i cm. A n t i (1 u a t e d

name for thonix.

Stio'.ma. a spiracle, or breath-

ing-hole; atigiiuttitl, relating to

the stigma.

Srici'.MA-TA (Gr. Migmi, a mark).

A .syuonjm of sjiiracles.

Stipes. The second division of

the ma.xilla, articulated to the

cardo, and l)earing the two

lobes and palpi.

Sti'pi-tate. Supitorted on a

pedicle.

Sto .MO-D.*;'r.M. The primitive

mouth and a>sophagus of the

embryo of worms and Arthro-

poda.

Stpep-sip TEHA (Gr. Mrephui,

a twist; pteron, wing). A
groui>of beetles whose minute

front wuigs appear as if

twisted.

Stui ATE. With more or less

parallel furrows, grooves, or

depressed lines; channelled.

Stui o.\. A small, short, linear,

transverse line.

STHifl.\TE. Withstrigjv.

Si'H. Somewhat; appro.\im;ite

to; prefixed to many terms in

descriptive entomology.

Siu-.\u-i'N i'ATK. S o m e w h a t

hooked or curved.

Sub-e-iu>d'ei>. Sonjcwhat in-

dented, but irregularly so.

SriMM-AGo. In May-tlies, the

penultimate stage in those

which moult once after ac(juir-

iug their wings. Proimago

(Lubbock).

Sru-sTiG -MA-TAi.. Applied to a

line in caterpillars situated just
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under the row of stigmata or

spiracles.

Su'bu-late. Awl-shaped.

Suc-ciNCTi (Lat. succinctus,

bound round). Those chrysa-

lids of butterflies which are

held in place by a silken cord

passing around the body.

Suc-TORiAL. Adapted for suck-

ing.

Sul'cate. With groove-like ex-

cavations.

Sus-PENSi (Lat. stispensus, sus-

pended). Those butterflies

whose chrysalids are suspend-

ed by the tail, i.e., cremaster,

head downward.

Su'ture. a seam or impressed

line between the bones of the
' skull, or parts of the crust of

an Arthropod.

Su-tu'ri FORM. Suture-shaped;

a suturiform articulation is

where a slight suture is visible,

as sometimes two abdominal

segments in Ichneumons are

soldered together without a

trace of a suture between Ihem.

Tactile. Relating to the sense

of touch.

T^-Nit)'i-UM. The band or chiti-

nous fibre forming a part of

the so-called "spiral thread"

of the tracheae of insects.

Taw'ny. Fulvous; a pale, dirty

yellow.

Teg'men (Lat. tego, to cover).

Formerly applied to Uie fore

wings of Orthoptera, Cicada,

etc.; a wing-cover.

Teg'u-la. The broad covering

scale imder the base of the

wing in Diptera; some authors

call it squama; in Lepidoptera,

the shoulder-tippets, or pa-

tagium.

Tel'SON (Gr. teUon, from Ulos,

end). The rudimentary termi-

nal segment of the abdomen
of Arthropods, especially Crus-

tacea.

Ten'e-rax, (Lat. tener, tender).

A state of the ]\Iay-fly after

exclusion from the pupa, in

which it has not fully com-

pleted its coloring, clothing,

etc. ; the subimago.

Ten-tac'u-lxjm (Lat. tento, I

touch). A feeler or tentacle.

Ten-tori UM. A chitinous

framework within the head,

upon which the brain rests, the

oesophagus passing upwards

between its anterior crura or

props.

Te-rete'. Nearly cylindrical.

Tergum (Lat. back). The dor-

sal region of Arthropods.

Tes'sel-late. Spotted like a
' checker-board.

Tes-ta'ce-ous. Dull red; brick

color.

Thorax (Gr. thorax, a breast,

plate). The middle region of

the body in insects and some

Crustacea.

Thy-san-tj'ra. (Gr. thumnoi,

fringes; oura, tail). The low-

est order of insects.

To-men-tose'. Covered with

fine matted hairs.

To-rose'. Protuberant; swell-

ing into knobs or tuberosi-

ties.
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Tra'cife-a (Gr. tracheia, the

rough wiiuli)ii)e). The respira-

tory tube iu vertebrates; the

air-tube of traelieate iusects.

Tui-i'iioT o-Mous. Dividing by

threes.

Tui-ii's I'l-DATK. Ending in

tiiree points.

Tki-u.\c'ty-ias. Having tliree

toes or claws.

Tkig'o-nate. Three-cornered.

Tui'go-neu-tism. Where three

broods occur iu a sea.'^on.

Tia-iiUK-TAi.'. Having three

more or less long angles; three-

cornered; triiiuetrous.

Tuo-ciiAN TKK (Gr. trochanter,

the ball on the femur). Iu in-

sects, the small, short joint be-

tween the coxa and femur.

Tuo-ciian'tin. a piece often

present on the <niter side of,

and sometimes movable on, the

co.xa.

Th(R'h'i,k-a. The thickened

base of the hind wings, iu

Cicada and Triclu)ptera.

Tuo'PHi. Old term for the

mouth-parts taken collectively.

Tuun-ca'tkh. ("ut Mpiarely off;

docked.

Ttj-bku-cu'lose. Covered with

tubercles.

Unci-n.vte. Hooked at the end.

UN-ourc'u-Lrs (Lat. a little

claw). A claw at the end of a

foot.

U-uo-mere' (Gr. ouro», tail ;

meros, a part). Any of the

abdominal segments of au Ar-

thropod.

U-Ror o-DA (Gr. ouros, tail; pous,

po(lo«. foot). Any of the ab-

dominal feet of ArlhroiKtda.

U-R<»-S4)ME (Gr. ouroM, tail;

meroH, a part). The abdomen
of Arthropods.

U-Ro-STEUN ITE. The sternal or

under piece of the uromeresor

abdominal .segments of insects.

Val vi_i>E. A small valve-like

process.

Vein. Applied to the ril>s or

"nervures" of the wings of

insects ; the branches of the

veins are called cenule^.

Ve lA'.M. A broad process at the

inner end of the fore tibia of

bees.

Ven'a-tion. The system of

veins of the wings.

Ven TEU. The whole under sur-

face of the abdomen.

Ven TUAL. Applied to the under

side of the abdomen, or of the

bod}' of invertebnites.

Vek'mi-form. Worm-shaped.

Ver-ric r-L.\TE. With thick set

tufts of pamllel hairs.

Veu-RU COSE. Covered with

wart-like prominences.

Vertex. Criwu of the head.

Ver-ti-cil'late. Placed iu

whirls.

Ves'i-ci.e (Lat. rf>iV<i. a bladder).

A little sac, bladder, or cyst.

Vl-i5Rlss.\. A whisker: curved

bristles or hairs situated iu cer-

tain Diptera between the mys-

tax and the anleumt.

Vii/i.osE. Clothed with soft,

rather long hairs.

Vis'cE-RA (Lat. r/VtM). The in-

ternal organs of the bodv.
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Vit'tate (Lat. viita, a stripe).

Striped.

Vi-vip'a-rous (Lat. vivus, alive;

aud purio, 1 bring f(.)rth). Ap-

plied to animals -which bring

forth their young alive.

Xy-loph A-Gous. Eating wood.
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Acanthomera bellardii, l;j-l

Achatodes zetc, 2U()

Achr)rutes uivicola, 57

Acridiidic, 63

Acrocera biinaculata, 133

Acul<'ata, IGo

Adclops hirtus, 112

Adophaga, 113

JEgialites dehilis, 103

^scluui huros, 71

Agfiristidu*, 157

Age roll ia feroiiia, IGl

Agroinyzji coroiiata, 120

Agrotis sulTusji, 198

Air-sacs, 20

Alctia argillacea. 154, 200

Ak'vnidL'S coriii, 80

Alypia H-maculata, 157

AiniTicaii silk-worm, 155

Ampliizoa irisok'iis, 114

Ampidex sibirica, 173

Anasa tristis, 84, 208

Androna, 180

vitiiia, 170

Aiigoumois inolli, 151

AiiisopliMyx vtriiata, 154

Anisola scnaloria. 155

AiitiuTophagus oihmcc'iis, HI
Authicida'. 103

Aiithomyia radicum, 200

zea>, 199

Anthom}ida\, 130

Anthophila, 176

Anthrcuus scrophularia?, Ill

Antbribiis coniutus, 99

Auls, 170, 183

Apatfhi, 155

Apbaniptt-ra, 115

Apbidc's, live, c-xaniiiiing, 281

disst'cting, 292

prcservatiou of, 303

Aphidius, 169

xipbis, 80

avoritv, 19(5

grain, 190

bop, 208

Apbd'bautus imis. i;i3

Apida-, 170

Apis lueliilicn, 170

Appk'-tri'f borer. 211

Aradus ereiiatus. 83

Arctia, 150

Argynnis apbrodite, 101, 188

Anny-wonn, 154

(Seiara\ 130

uorlborn, IJHJ

wbeat bead, 197

Artbroinarra a-iua, 103

Artbropterida", 84

Asilidas 134

Asilus iiova'-seotia'. 134

Asopia farinalis, 152

Assembb'ng of moths, 148

Asteia temiis, 126

Alta, 171

Attacus, 155
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Attelabus rhois, 101, 180

Balaninus nasicus, 100

Baridius trinotatus, 305

Bark-borer, 99

Basket-worm, 156

Bean weevil, 206, 207

Bee, carpenter, 185

leaf-cutter, 186

honey, 162, 176

embryo of, 37

louse, 124

moth, 153

Beetle, 91

blistering, 203

flea, 304

helmet, 204

snapping, 109

Beetles, collecting, 271

rearing, 276

Belostoma grisea, 83

Bembex fasciata, 174

Bibio albipennis, 135

Bird-lice, 66

Bittacus, 89

Blaps, 103

Blatta orientalis, 62

Blepharocera fasciata, 135

Blissus leucopterus, 84, 195

Blister-beetle, 103

Bombus, 176

Bonib^'^cidse, 155

Bombylius, 133

Bombyx mori, 43, 43, 155

Borers, 105

Boreus, 89

Bots, remedies against, 223

Botys, 152

Brachycera, 133

Bracon, 169

Braconidte, 169

Brain, 13, 310

Braula coeca, 124

Braulina, 124

Breathe, how insects, 19, 20
Brenthidae, 100

Bristle-tails, 56

Broods, several, 43

Bruchidse, 103

Bruchus fabfe, 807

obsoletus, 104

pisi, 104, 306

Bug, 74

chinch, 77

garden, 304

mealy, 79

squash, 74-76

Buprestidae, 109

Butterflies, 158

metamorphosis of, 145,

148

scales of, 143, 143

Butterfly, 137

Byrrhus americanus, 110

Byrsopidae, 101

Cabbage bug, 306

Plusia, 305

Cabbage, insects injurious lo, 305
Cacoecia rosaceana, 153

Caddis-fly, 90, 108

Ca?cilius, 67

Calandra granarius, 100

oryzic, 100

Calliphora erythrocephala, 130

Callosamia promethea, 155

Calobata auteiinipeunis, 129

Caloptenus femur-rubrum, 2, 63

spretus, 2, 63

Calopterj'x apicalis, 71

C^alosoma calidum, 114

C^ampodoa staphylinus, 58

Camponotus, 171

Canker-worm, 153
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CautliJiris vesicatoriu, 102

Capsiilif, 84

Carabidaj, 114

Carabus sorralus, 1 14

Carpocapsa pomoialla, 213

Casc-wunn, 91. 183

Castniii licus, 157

Castniada', 157

Catarlysta, 152

("atiipilhir, 143

Calcrpillai-s, blowiii-j:, 2G7

preserving small, in

alcohol, 2GG

reariii!^, 247

Catoeala, 154

Cecidoinyia (Ustnatnr, 1U2

jirussulariii', 137

Cemumis inonialus, 175

C'ephaKK)ri lepturuKs, 103

Cephus, IGG

Cerambyeida", 105

Ceratopoijon, 135

Cerceris deserta, 174

Ccreoi)ida', 82

Ccreyonis alopi', IGl

ChaTocanipa, 158

Chafer, rosi-. 107

("Imltidid.e. 1(>!)

C'halcis. l(l!l

('lialcoi>hom viri^iiiieiisis, 109

t'haleosonia atlas, 9(5

Chauliodes peotinicornis, 87

Chiasotruathus i^rantii, 97

C'higa«, UG
Chineh Ini-r, 195

Chiiiue. IIG

t'hirt)noinus, 42

iiivoriundus. 135

C'hlainys plieafa. 183

(.'hlorops. 12G

Chrys;ilis, 38. 145

^hrysidida^ 170

Chrysis. 170

Chrys()botliri8 feinorata, 109

Chrysmiieliiia', 104

C'hrysopa, 87

(.'hrysoiihanus thoe, IGO, 223

C'hrysops niger, 134

Cicada, septendecim, 82

Cicindela hirticollis, 115

vulgaris, 115

Ciciudelida;, 114

Cimbcx araericaua, IGG

Cimex Icctularius, 84

Cinura, 58

Cis fiiscipes, 108

Cistela sericea, 103

Cit heron ia regal is, 155

Clavicornia, 110

Cleples, 170

Clerida', 108

Clisioeainpa aiaerieana, 155

Clothes moth, 151

Clypeiis, G

Coceinella novem-notata, 112

Coccus, 79

Cochineal, 79

Cockroach, G2. 311

organs of smell in. 27

Coddling moth, 213

Cd'lopa frigida, 128

Ca'nomyia pallichi, 134

Coleoptera. 91. 55

Collecting, 271

Coleothrips Irif.isciaia, 197

Colias philodice. IGO

CoUembola, 57

Colorado potato-beetle, 202

Colvilium lineola, 111

Conopida', 131

Conops tibialis, 132

Couorhinus sjuiguisugus, 83

Conotrachil us nenuphar, 100, 214

Coptosonia globus, 84
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Cordyluridae, 129

Coreidae, 84

Corimeloena atra, 84

Corisa interrupta, 83

Corisidffi, 83

Com maggot, 199 -

weevil, 200

Corrodentia, 66

Corydalis cornutus, 87

Corylophus truncatus, 112

Cossidas, 157

Costa, 19

Cotalpa lanigera, 107

Cotton army-worm, 200

Coxa, 6

Crabro sex-maculatus, 175

singularis, 175

Crambus vulgivagellus, 153, 153

Cranberry worm, 152

Cricket, musical organ of, 30

Crop, 9

Cryptophagidoe, 111

Cryptns, 168

Ctenucha virgiuica, 157

Cucujidse, 111

Culex ciliatus, 135

Cupes capitata, 108

Curculionidse, 100

Currant-worm, 217

Cut-worm, 198

Cyclorhapha, 125

Cynipidos, 166

Cynips quercus aciculata, 166

spongitica, 166

Cyrtida3, 133

Dactylopius adonidum, 79

Dacne 4-maculata, 112

Dakruma convolutella, 152

Dascyllidoe, 110

Death tick, 67

watch, 67

Delphax arvensis, 82

Deltoids, 154

Dendroctonus terebrans, 99

Dendroides canadensis, 102

Dermaptera, 58, 54

Dermestes lardarius. 111

Dermestidae, 111

Derodontus maculatus, 110

Dexia analis, 131

Diabrotica vittata, 207

Diapheromera femoratum, 63

Diastata pulchra, 126

Diedrocepbala moliipes, 82

Digestion, 11

Digestive canal, 11

Dione vauillae, 161

Diopsidoe, 128

Diplax berenice, 68

Diplopteryga, 175

Diplosis tritici. 137, 195

Diptera, 55, 117, 285

Diseases of insects, 42

Dixa clavata, 134

Dolichopus cuprinus, 133

Dor bug, 107

Dorylid*, 171

Dorypliora 10-liueata, 104

Dragon-flies, 68, 282

Drosophila ampclophila, 126

Dryoccetes aHaber, 99

Dyuastes tityus, 106

D^'sdcrcus suturellus, 84

Dytiscida?, 113

Dyliscus fasciventris, 113

Eacles imperialis, 155

Ear, 28

Eciton, 171

Egg, 32, 34, 35

burster, 38

guide, 4, 34

sections of, 319
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Eliiinpus, 170

Ehiterida', loy

Ellema lianisii, 158

Embiti siivigui, 07

Embryolog}'. 35

EiiR'sii longipes, 83

Einpis aruiipts, 138

Eiiipusa Jiulicu', 47

muscji', 45

Eiulomythiihi', 113

Euiloinychus biguttatus, 113

Eiitiimis Imperialis, 101

Entomology, ecoiioiuu-, 189

Eutbmophthoni ladicans, 47

Ephemera, 71

Epbydra californiea. 137

gnitilis, 138

halophila, 137

Epicaiita cinerca, 103, 303

pensylvanica, 303

vitlala. 103, 303

EpicTaiiiiiiii, ti

Epilacbna borealis, 308

Epimerum, 4

Episternum, 4

Erax basUmlii, 134

Eirbus odora, 154

Erotylida', 113

Erycina, 100

Erylbroiu'ura vitis, 83

Eudalimia subsigiiaria, 154

Eudamus bathyllus, 100

Eudryas grata, 157

luiio, 157

EnmeiH's fraterna, 175, 185

Eumouidas 175

Eiipsjilis minuta, 100

Eurytoina liordei, 169

Evania Uvvigala, 108

Evimiidiv, 108

Evoryx myron. 311, 313

Eyes, 34, 311

Feiimr, 6

Ferlili/atiou of flowers by in-

sects, 317

Figitiiue, 167

Firelly, 110

Flacherie, 43

Flea, 115

beetle, 104

suow, 57

Fly, diagou, 08

bouse, 118, 314

May, 71

sjiw, 100

Fa'uus jaeulator, 108

Footprints of inserts, 17

Forceps, insect, 337

Forticula, 58

Formica, 171

Formicida-, 170

Foul brood, 44

Frog's spittle, 83

Fruit, inserts Itencticial to, 317

Fulgoni candtlarla, 83

Fungi, insect, 43

Galeruca xantbumela-na, 104

Galgulus oculatus, 83

Galleria melouella, 153

Gall-lly, 43, 100

Ganglia, 13

Gastropailia, 155

Gastropbihis eiiui, 131

Geometrida\ 153

Geomy/.ida', 130

Generations of insects, 43

Georyssida', 110

Georyssus jMisillus, 110

Gerris reniigis, 83,

Glands, nvlal. 11

Sill! vary, 9

sebilic, 33

Gouiocotcs buruellii, 06
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Gortyua nitela, 200

Gorytos tlavicornis, 174

Grape, insects iujurious to, 209

phylloxera, 209

Grasshopper, red-legged, 1

Grease, to remove, 270

Grub, white, 198

Gryllidte, 63

Grjilotalpa borealis, 63

Gyriuiis borealis, 113

Gyropus ovalis, 66

porcelli, 66

Hairs, 31

Haltica cucumeris, 204

Halictus parallelus, 176

Haliplus fasciatus, 114

Halobates wuellerstortii, 83

Harpalus caliginosus, 93

Hecatesia, 157

Hedychrum, 170

Helicouia, 161

Helicopsyche, 183

Heliothis armigera, 154

Helomyza apicalis, 129

Heuiaris thysbe, 158

HemerobidiB, 87

Homileuca maia, 155

Hemiptera, 55, 74

collecting, 280

Hepialidae, 157

Hepialus mustelimis, 157

Hesperia tessellata, 160

Hesperidae, 160

Hessian fly, 192

Heteroceridas, 110

Heterocerus pallidas, 110

Heterogyna, 170

Heteromera, 101

Heteroneura albimana, 128

Heteroptera, 82

Hippobosca equina, 125

Hirmoneura obscura, 133

Hister interruptus, 110

Homalomyia cunicuhiris. J 30

scalaris, 130

Homoptera, 79

Honey bee, 176, 291

Hop aphis, 208

worm, 209

Horn-tails, 166

Humble-bee, 176

Hydrijbatid*, 83

Hydrocampa, 152

Hj'drometra lineata, 83

Hydrophilus, embryo of, 36

Hj'drophilus triangularis, 113

Hydroscapha uataus, 112

Ilynieuoptera, 55, 161, 288

Hypena hurauli, 154, 209

Hyperchiria io, 155

Hyphantria cunea, 157

Hypoderma bovis, 131

Hj'podermis, 40

Hyporhagus opaculus, 103

Ibalia, 167

Ichneumon, 168, 218

Ichneumonidffi, 168

Imago, 41

Ingluvies, 9

luquilines, 167

Insects, anatomy of, external, 1, 8

internal, 7

as architects, 178

beneficial, 217

cabinet for, 238

collecting, 224

dissection of, 289

how they breathe, 19

fly, 19, 21

hear, 28

see, 24

smell, 26
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Inscct,s, how they taste, 27

tOlKll, 31

walk. 17

increase; in numbers of,

48

insectivorous, 220

nietainorpliosis of, 82

mount iu^, 294

natiiralizetl, 1H9

number of siKjcies of, 53

orders of, tA

parasitic, 218

periodicity in appearance

of, 52

pinning, 230

senses of, 21

sections of, 29G

Insecticides, 222

Intestine, 11

Ips fascial us, 110

Isomera, 103

Isosoma hordei, 19

vitis, 211

.lapyx subterraticus, 58

Jassitia-, 82

Ji(Vjr^>i-^ IIG

Joint-Avorni, 191

Labia, 58

Labidus, 171

Labium, 7

Labrum, G

Lachueides, 155

Laclinostcrna fuscii, 9-1

Lac insect, 79

Lagriidiv. 103

Lamcllicoruia, 106

Lampyris. 109

Lampyriila-. 109

Lapluia, 134

Larch saw-fly, 166

Larrada semirufa, 174

Larva. 38

Lasia klettii, 133

Lasiocampinie, 155

Laternaria pliospliorea, 82

Leaf-cutter bee, 186

Ijcaf miners, 151

rollers. 179

Lecanium liesperiduni, 79

Legs, 17

Lepidoptera, 55, 137

mountiui,', 2G9

reariiijr, 247

wiiitrs of, bleach-

infJT, 268

Lepisma domestica, 58

4-seriata, 58

sacciiariiia, 58

Leptinillus valitlus, 112

Lcptinotarsa 10 lineata, 203

Leptinus testaceus, 113

Lcptis albicornis, 134

licucania uni))uncta, 154, 196

Libellula trima<ii!ata, 71

Libytha-a, 100

Liniacodes, 156

Limothrips cercalium, 73

Lingua, 7

Lithosia bicolor, 157

Lobesia botrana. 211

Locust, ears of. 28

red-legged, 1, 59, 63

Rocky Mountain, 61, 63

Locust idiv, 63

Loncluva polita. 128

Lonchoptera riparia, 133

Longicorn beetles, 105

Lophynis, IGG

Louse. 7S

baik. 79

bee. 124

bird, 66
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Louse, book, 67

plant, 80

LucanidiE, 107

Lucauus dama, 107

Lucilia csBsar, 130

macellaria, 130

Lycaeuida8, 160

Lj'comorpha pholus, 157

Lygaeidoe, 84,

Lygfeus fasciatus, 84.

Lj^gus lineolaris, 204

Lymexylon sericeum, 108

Machilis variabilis, 58

Macrobasis, 103

cinerea, 203

Macrodactylus subspiuosus, 107

Macrolepidoptera, 150

Malachius seueiis, 108

Mallodou melanopus, 106

Mallopbaga, 65, 66

Mandible, 7

JManna insect, 79

Mantis Carolina, 62

Mantispa interrupta, 87

MasaridoB, 175

IMaxilla, 7

May beetle, 94, 107

May-Ily, 71, 283

Meal worm, 1 03

Mecaptera, 55, 88

Megatliymus 3^1000?, 160

JVIegistorhynclius longirostris,

133

Melandrya striata, 103

Melanophila drummondi, 109

Melipona, 176, 188

Melitnea phaeton, 161

Melittia ceto, 158

cucurbita?, 207

Mellinus bimacnlatus, 175

Meloe angusticollis, 102

Meloidse, 102

Melophagus ovinus, 125

Membraeis foliata, 82

Menopon pallidum, 66

Meromyza araericana, 126

Merope tuber, 89

Metabola, 55

Metamorphosis, 38

Metcecus paradoxus, 102

Miastor, 42

JMicrococcus bombycis, 43

Microgaster, 169, 219, 220

Microlepldoptera, 150

packing, 262

rearing, 254

Micropezidte, 129

JMicropyle, 34

Mierosporidium bombycis, 43

Midas clavatus, 134

Midge, 135

Milyas cinctus, 83

Mimesa cressouii, 175

jVIonohammus coufusor, 106

jMouommidfe, 103

IVlordella 8-puuctata, 103

Mosquito, 135

]\Ioth, bee, 152

JVloths, small, packing, 262

wings of, bleaching, 268

Moulting, 39

Moults, uuinber of, in caterpil-

lars, 39

iVIurgantia histrionica, 206

Musca domestica, 130

Muscardine, 44

]\Iuscida?, 130

Mutilla ferrugata, 172

Mycetobia sordida, 137

Mycctophagus punctatus, lU
Mycetophilidai, 136

]\Iymar, 169

Myodites, 102
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.'\I\ miecocystus, 171

,Mv riuicu molcstu, 171

Mynnosji unicolor, 172

Mytihispis citricolii, 79

gloveiii, 79

poinoruiu, 79

Nabis fiTus, 8;J

NaciTcles melamira, 103

Naucoriiliu, 83

Nt'crophorus Aincricauus, 112

Ni'idesspinosus, 84

Neinatocem, 134

Nematus enchsonii, 1G6

vtntrirosus, 1G6, 217

Ncim'striiiida', 133

Nt'pida', 83

Ni'pticuhi, \Ti\

Nc'ivous sy St till, 13

Net. iusict, 22(5

N«'uroptt>ra, 55, 84

Nfurolrrus k-iilifularis, 107

iS'isoiiiadc-s bri/.«>, IGO

Nit, 78

Nilidula bipustulata, 110

Noctuida-, 154

Notodoniiaiis, 155

NotoiRH la iindulata, 83

Notoxus aiicliora, 103

Nyctciibia wi'stwoudi, 124

Nymph, 72

Nyinphalida-, 1(50

Nysson latrralis, 174

Odonata, 55, (58

Odontoinaihida\ 171

Odoiitoniachus. 171

Odoi-sof insocts, 149

Odyuorus albophaleratus, 175

(Ecanlluis niveus, 63

(Ecopbylla snianigdiua, 183

CEdemerida?, 103

(K»lii>oda Carolina. 63

CEueis Kiiiiidea, 161

(Est)pliagus. 7

(Kstrida-. 131

(Kstnipsiila-, 90

Oifaitory (•rgans, 26

OiK'idiTfs riniriilatus, 105

Oiithopba-riis raiigifcr. 96

Ophioii. 16S

Opomyzji siguicosta. 128

Orgyia. 156

Orpbncpbila testacca, 135

Ortboptcra, 55. 59, 282

Ortalida'. 129

Orthorbapba. 132

Osciiiida'. 126

Osiiiia similliiiia, 186

Olbiiius vniibrosus. 103

( Hinrbyiubus suKatiis. 101

Ovarirs. 32

Oviduct. 33

Ovijiositur. 4. iM

Pacbyi-oris torridiis. 84

Palingi-nia biiiiieata, 72

Paltostoma li)rrintiuin. 135

Panga-us biliiicatiis. 84

Paiu)ri)a. 89

Paiiorpida'. 89

Papilionida', 160

Papilio ajax. 42

turmis. 139. 140. 160

Parandra bniniKa. 106

Panqwiiyx. 152

Paris green, 222

Parna.<-<ius. 160

Parnida', 110

Parnopes, 170

Partbeuogtncsis. 41

Passjihvcus inandibularis, 175

Passiiluseornutus, 107

Peach-tree borer, 215
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Pear slug-worm, 166

Pebriue, 43

Pediculina, 78

Pediculus capitis, 78

pubis, 78

vestimenti, 78

Pelecinidoe, 169

Pelecinus polycerator, 169

Peliduota punctata, 107

Pelocoris femorata, 83

Pelopteus tlavipcs, 173, 185

Pemphredonid*, 175

PeutatomidiE, 84

Periodicity iu insect-life, 53

Perla abnormis, 67

Pests, insect, destruction of by

fungi, 45

of museums, 237

Petroleum emulsions, 233

Phacellura nitidalis, 308

Phasneus carnifex, 107

Pbalacrus ovalis, 113

Phateuidte, 153

Phancroptera curvicauda, 63

Phasmidaj, 63

Plieidole, 171

Phengodes, 109

Philanthus vertilabris, 174

Phora iucrassata, 136

Phorbia ceparum, 130

Phorida% 130

Photuris pyralis, 109

Pboxopteris fragariaj, 152

Phryganca, 183

Phrygauidifi, 91

PhyciufE, 153

Pbycis rubrifasciella, 183

Phycodromida;, 138

Pbyllium siccifolium, 63

Phylloxera quercus, 80

vastatrix, 209

Phymata erosa, 83

Pbytomyza clematidis, 126

Pliytophaga, 103

Pickle-worm, 308

Pieris oleracea, 160

rapa;, 160, 205

Pimpla, 168

Piophila casei, 128

Pipunculus cingulatus, 131

Pique, 116

Pissodes strobi, 100

Plagiouotus speciosus, 106

Platygaster, 169

herrickii, 193

Platymodes pcusylvauica, 63

Platyuus cupripeuue, 114, 115

Platypeza anthrax, 131

Platypsylla castoris, 113

Platyptera, 63, 55

Platy])teryx arcuata, 155

Platysamia cecropia, 155

Plectoptera, 71, 55

Plectrotarsus, 90

Pleurite, 3

Plum weevil, 314

Plusia brassica?, 305

Pa^cilacapsus liueatus, 84

Poduridte, 57

Pogonomyrmex. 171

Polistes, 185

Polycrgus, 171

Polygonia progne, 161

Pompilus formosus, 173

Ponera, 171

Potamanthus marginatus, 73

Potato beetle, 104

insects injurious to. 303

Prionocyphon discoideus, 110

Prionoxj'stus robiuia?, 158

Proctotrupidse, 169

Promachus titchii, 134

Proventriculus, 9

Pselaphida^, 113
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Pselaplius crichsDiiii, 112

Psouidis, 107

Pseu k'ucopus, 175

Psfphc'iius lufoulci, 110

Psihi l.icolor, 129

Psocus novif-scotiii', 67

Psyclu- iR-lix, \m
Ps} choilcs alUrimta, V.W

Psylhi pyii, >S2

tripunctiita, 81.

Psylloboni 20-niaoiilata, 112

Pteratonms putuaini, 1G9

Ptoromalus pupanim, 1G9, 205,

219

Pteroiiarcy^ rcgalis, 67

Pterophorida', 150

Pti'iopliorus piTisci'li(la(tylus,150

Ptiiius fur. 108

Ptyolus lincatus, 83

Pulex ouiis, 116

irritaiis, 116

Pulviiiaria innuiiu-nibilis, 79

Pupa. 40

Pupa', maiiaircinciit of, 252

Pupariuin, 12;{

Pupipara. 124

Pyralida-, 152

P^ralina', 152

Pyrgota uiulata. 129

Pyrochroa tlalnllata, 102

Pyrochroiihc, 102

Pyrophorus lUHtilucus, 110

Pyrrliocoiiila'. 84

Pylho iiig'T, 10;i

Hadisli lly. 20(>

Kcariiig lniUfs. 276

inset-Is, 243

Roduviida'. 83

Keinedifs ajrainst insects, 221

Khagovelia obesa. 83

Rhiuopsis caualicidata, 173

RliipicoritLi', 110

Rhipidius peclinicornis, 102

R)iipi|>huridiL>, 102

Rliinoiuacer eloiigjilus. 101

Rlni|>!il(«eni, 158

Rlidpahnn pedicellatuni, 175

Rliopobolii vaceiiuana. 152

Rliyncliilcs liiccilor. 101

Rliynf()i)li<ini, 99

Rliyncophorus ]>alniaruni, KX)

Riiyi)lius alternalus, 134

Rliyssa, 168

Rb3ssodcs exaratus. 111

Ruralcs, 160

Sack-bearer. 183

Salda signoretii. 83

Siuidabis petropbya, 110

Saunina exitiosii. 215

Saperda cau(ii(hi, 105. 211

Sapn>inyza vuluniris. 12M

Sapypi marlinii, 173

Sarctipliaira carnaria. 131

sarracenia-. 131

Sarcopsylla penelnins. 11(5

Sargus deeonis, 134

Saw -lly. 166. 324

Scales. 31

Scapbidiiini (luadrigutlatuni 1 12

Scaraba'ida-. llM»

Scatopbaga sterconiria, l:tO

Soeuopinid.T. 133

Scent-scales. 149

Scbi/.ura unicDnii-;. 155

Sciara niali. 13('i

Scioniy/.a alboc.slata, 129

Scolia. 172

Scolopeiulnlla inimaciilata. 57

Scolytithe, 99

Scutellerid;e. 84

Scutelluni, 4

ScuUiiu, 4
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Scydmoeuus mfiriae, 113

Semiotella destructor, 169, 193

Sepsis similis, 128

Serricoruia, 108

Sesia pyri, 158

Sesiidae, 158

Sexual differences in insects, 32

Sialidoe, 87

Silk, 144

Silk-worm, 42

American, 155

Chinese, 155

Silpba lappouica, 112

Silphidaj, 112

Simulidfe, 135

Simulium meridionale, 135

molestum, 135

pecuarum, 136

Siphonaptera, 55, 115

Sitodrepa panicea, 108 "

Slug-worm, 166

Smell, organs and sense of, 26

Smerinthus excajcatus, 158

Smynthurus elegaus, 57

Snapping beetles, 109

Sounds made by insects, 30

Spanish fly, 102*

Spathegaster baccarum, 167

Sphsrius politus, 112

Spheuophonis zese, 200

Sphex ichueumouea, 173, 184

Sphiudus americanus, 108

Sphinx Carolina, 158

celeus, 158

embryology of, 36

Sphyracephald brevicornis, 128

Spilosoma virginica, 156

Spindle-worm, 200

Spiracle, 19, 316

Spraying machines, 222

Spring tails, 56

Squash beetle, 207

Squash borer, 207

bug, 208

lady-bird, 208

pickle-worm, 208

Stalachtis, 160

Stalk-borer, 200, 205

StaphyliuidsE, 112

Staphylinus vulpinus, 112

Stephanidse, 168

Stephanus cinctipes, 168

Stern ite, 2

Stigmata, 19

Stigmus fi-aternus, 175

Sting, bee's, 164, 315

Stizus speciosus, 174

Stomach, 9

Stomoxys calcitrans, 130

Stratomyia picipes, 134

Strepsiptera, 101

Stjiops childreni, 101

Subimago, 72

Sugaring, 246

Sjivanus suriuamensis. 111

Symphjda, 57

Synemou sophia, 157

Syrphida?, 132

Syrphus politus, 132

Systa>chus oreas, 133

Tabanus lineola, 134

Tachiua, 131, 218, 220
Tachinidffi, 131

Tactile sense, 31

Tanypus aunulatus, 135

Tapinoma, 171

Taste, organs and sense of, 27
Telea polyphemus, 155
Teleas, 169

Temperature, influence of chan-
ges of, on insects, 49

Tenebrio molitor, 103

Tenebrionidae, 108
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Tenlliredinida\ 1G5

Terebraiitia, 165

Terijiti', 2

Termi's Ihivipes, 6o, G8

Testes, 34

Thecestenius ImiiuTalis, 101

Tberevii alliicips, i;j.3

Tlirips St rial us, 7H, 197

Tlirostus constrictnr, 109

Thyincle pniteus, 160

Tliysauia agrippiua, 154

Tliyrc'opus, 175

Thyreus abbotii, 158

Thyrididie, 158

Tbyris lugubris. 158

niaculata, 158

Tbysanopteni, 55, 73

Tbysaiuira, 54, 56

'Hbia, 6

Timber beetle, 99

Tinea biselliella. 151

granella, 151

pelliolella, 151

tapetzella, 151

Tineidie, 150

Tiiigis clavata, 84

Tiphia inoniata, 172

Tipula tiivittata, 134

Tipulidap, \M
Tomicus piiii, 99

Tomicus typographiis, 48

Tomocerus pluinbeus, 57

Tortrieidie, 151

collectiiiir. 262

rearing, 262

Tortrix fumiferaua, 152

Toucb, sense of, 31

Tracbea, 19, 20. 317

Traps for beetles, 272

moths, 246

Tremex columba, 166

Trichocera regelationis, 134

Trichodectes canis, 66

Triehodes nutlailii, 108

Trichopteni, 55, 90

Tricbopteryx ii-siieni, 112

Trigona, 188

Trigonalidie, 168

TVigonalys, 16M

Triloxa liexu, 129

Trocbantine, 6

Trogosita vireseens, 110

Trypeta llorescentia', 129

Uiiuary tubes, 11, 13

Urocerida-, 166

Utetbeisa bella, 157

Vanessa autiojta, 161

Veins of tbe wings, 19

Veliida\ 83

Ventriculus, 9

Venule, 19

Vespa arenaria. 175

maeulata, 175

VespidiK, 175

Vine-dresser, 211, 212

Wasps, paper, 175, 177, 184

wood, 174

Weather, iulluencc of changes

of, on insects, 49

Weevil, 99

Wheat, insects injurious to, 191

midge, 195

tbrips. 197

Wire-worm, 199

Workers, 32

Xenos peckii, 102

Xyleborus, 99

Xylophagus rutii>cs, 134

Xyloteru~s, 99

Zarhipis. 109

Zygania. 157

Zygaenida . 157





DR. A. S. PACKARD'S WORKS.
ZOOLOGY. Advanced Course)

Fur Stiidcius ami General Readers. By A. S. Pack.\ri), M.D.,
l^li.!)., I'rofessor of Zi>f)l(iny and Geology in Hrown University.
With over 3U0 illustrations, bvo. 719 pp. (American Stience
Series.)

From LuciK.V .M. U.vdkkwoui), rrofcssor of Gfoloj^y, Zooloi;y, and
Botany, Syracttsf I'uizxrsity

:

—Have used Packard's larger work
four years, and l)elieve that to be the only American work suitable

for colleges.

From Edward T. Nelson, Prof<ssor of O'co/o^y auJ Zoology, Ohio
VVisliyaii University

:

—Packard's Zoology is the first thoroughly reli-

able text on this science published in our country. It is clearly written
M.\'\ l)(.-aiitifiillv printed.

ZOOLOGY. (Briefer Course.)
I'uliy illustrated. i2mo. (American Science Series.) 334 pp.

I'rom Hkkbkrt Osbor.N, Professor of Zi'olo^y, Joica Agricullurnl
Collti^i-

:

—While I strongly insist that students should study animals
from animals themselves—a point strongly urged by Prof. Pack;ird in

his preface— I also recognize the necessity of a reliable te.\t-U»ok as a

guiiie. As such a guiilc, .-intl covering the ground it does, I know of

nothing better than Packard's.

From D. M. Fisk, Profssor of Xatur.il History, HillsdaU lWI.-i;,- :

—The " Briefer Courses" of I'ackiird and Martin have been adopttsl.

and for these reasons: i. Thiy nri- hrii-f ; the lesscneti mechanical
labor of mastering a text leaves time (r)r more obser\:ition, ainl U^x

comparison of authorities. 2. I'luy arc ii,ar ; the work of cutting

away needless nomenclature h;is Ijeen done with skill. 3. Thi-v arc
authoritative ; serious students can have confidence in even brief ami
tlogmalic statements, knowing they come from a master, and not fronj

a mere compiler. 4. They are fresh ; fossils arc good in their places.

bill a fossil text-book in science is a fraud on yi>uth.

ZOOLOGY. (Elementary Course.)
First Lessons in Zoologv. Fully illustrated. i2mo. (.American Science

Series.) 2t)0 ppw

From R. Ei.I.sworph Cam., Professor in .\fissouri State University

:

— It has been used in the elementary classes in this University since its

appearance, with most gratifying results It is succinct, clear, accurate,

helpful, suggestive.

From E. C. 11 ink, Professor in CirarJ Collei^e, Philadelphia :—

A

most vieligluful little book. The language in it is simple, and when
technical gre;tt pains has been taken to explain the meaning of such
phrases. Dr. Packard h.xs wisely taken common objects with which to

illustrate it—those objects that we know the most about, and those

about which we woukl gladly know more.
From J. H. Pii.I.siuky, Professor in Smith r<'///v,v .•— Every pro-

gressive teacher who has been interestcil in the teaching of sciences in

the lower grades of our sduiols has been painfully aware of the complete
absence of books on zoology suited to the pupils in those grades. Pack-
ard's First lessons in Zoology is a successful attempt to meet that want.



DR. A. S. PACKARD'S WORKS.—Continued.

From Leroy R. Halsev, Superintendent of Schools, Battle Creek,

Midi. :—The book is an excellent one. 1 was pleased with the first ex-

amination of it, and find that it works well in the class-room. It is, for

our own school purposes, the best text-book on the subject with which

I am acquainted.

From M. A. B. Kelly, Superititendent of Model Department, Albany

{N. Y.) Norfnal School

:

—Dr. Packard seems to possess a special tact

for presenting scientific truths in a concise and attractive form. The
First Lessons, though decidedly elementary', are encouragingly pro-

gressive. The illustrations are ample, and include subjects for study

which may be secured by the student with little or no difficulty. I am
satisfied, from what I have noticed, that it is just what we need for

beginners in zoology.

From Thomas Nkwlin. Superijitendent of Spicclattd {Ind.) Academy
a7id late Professor of Biology in Haverford College :— It contains what

every boy and girl should know, and what the schools are prepared to

teach.

From A. L. Lane, Teacher in Colmrn Classical Institute, Me. :—

A

most admirable work. Constructed on the very logical method of pro-

ceeding from the simplest to the highest,—from the amoeba to man,

—

it gives very clear and accurate descriptions of typical forms, and

thereby furnishes a broad foundation for subsequent study.

GUIDE TO THE STUDY OF INSECTS.
and a Treatise on those Injurious and Beneficial to Crops. For the

use of Colleges, Farm-Schools, and Agriculturists. With fifteen

plates and six hundred and seventy wood-cuts. 8vo. 715 PP-

From Professor L. Agassiz:— I hold that your work ought, in con

nection with Harris's " Treatise on Insects Injurious to Vegetation," to

which it is, as it were, the key, to be introduced in all our agricultural

colleges, as the best text-book of that kind now extant.

From The Nation:—In typography and illustrations the part before

us leaves nothing to be desired, while the author's style is very per-

spicuous. We hope the work will be used as intended, in colleges and

farm-schools and by agriculturists.

From Nature, London:—The most recent memoirs connected with

these subjects have been made use of by the author; and this part of his

work is certainly the best manual of entomology- which the English

reader can at present obtain.

From the New York Tribune:—As a practical treatise on American

entomology, with references especially to the insects injurious or bene-

ficial to crops, it stands almost alone, and reflects the highest credit

upon American, scholarship, patience, and scientific skill.

OUTLINES OF COMPARATIVE EMBRY-
OLOGY; or. Life Histories of Animals, including Man Copiously

illustrated. Svo.

From Prof. E. S. Morse, in Popular Science Mottthly :—A\x.ogft\.her

it forms one of the most valuable works of science yet published in this

country, and it is safe to say that no working naturalist can do without

it.

HENRY HOLT & CO., Publishers, NEW YORK
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