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Mandible of a carpenter-bee, with bundles of muscular fibres attached, L"E.l:l.l bundie
converging to a tendon, and the jatter attached to a mandibular process.
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The * hellgrammite" or ** dobson’’ in all its stages. —Upper series : a, the larva; i
pupa; ¢, the male adult : d, the head of the female: in the lower ser_it:s the leafl |:1IEHI'S
g masses at aa, enlarged at be; d, the larva just hatched, with details from ¢ to .
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carolina, Fig. 58, Schistocerca amervicana. Fig. 59, Melanoplus spretus, Fig. 6o, Mela-

i
- Fig. 54, Syrbula admivabilis. Fig. 56, Hippiscus discordens. Fig. 57, Dissosteira
Hoplus atlanis.
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98 AN ECONOMIC ENTOMOLOGY.

stridulating organ. Here the sound is produced by the ridged
edge of one wing-cover scraping over the ridged veins of the
other, setting into vibration the membraneous spaces in both
wings. The ear is situated on the fore-tibia, as in the Locustide.

FiG. 60.

A sand-cricket, Sfenopalmatus species.

The mole-crickets are curious, subterranean creatures, with
small heads and powerful forelegs, developed somewhat like the
corresponding organs in the mole. The larger, more common
species belong to the genus Gryllofalpa, and are more frequent

1"."

Mole-crickets, Gryliotalpa species.

in the South and Southwest, where they occasionally injure field
crops. They are strictly nocturnal in habit, and remain during
the day in their burrows, in which a chamber is excavated to
contain the eggs.
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Cochineal and mealy bugs.—Fig. 77, cochineal, Cocens cacti, on cactus. Fig. 78,
b, adult male; ¢, adult female, with cottony masses removed. Fig. 79, mealy bug,
“Dactylopius destructor. Fig. 8o, Dactylopius longifilis : a, the larva; 4, the winged male.
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plish its mission,—the fertilization of the female. After this the
life histories differ greatly ; sometimes the female lives through
the winter in the partly-grown or adult condition ; sometimes she
lays eggs which fill up the entire space beneath the scale, the
insect itself shrivelling up until scarcely a trace remains. Some-
times living young are brought forth, and there may be one or
several broods. Hence it is necessary to study each species in
detail before we can say much on the subject of remedies. It is
obviously beyond the province of this book to describe all the
" injurious species, and general statements only are possible.

Fic. 86.

 Oyster-shell scale, Mytilaspis pomorum.—a, female scale, from beneath, filled with
‘eggs: b, same, from above ; ¢, twig infested by female scales; d, male scale and a twig
infested therewith,

Perhaps the most common forms of this series are the ‘‘ oyster-
shell’” bark-lice, of which we have several species, deriving their
common name from the fact that the scales have a marked resem-
blance to the shells of some oysters. In the Northern United
tes Mytilaspis pomorum is the common form, infesting apple






























































































































































































































Tians INSECT WORLD, 159

offers a large measure of protection, since the adults will not vol-
untarily eat through a coat of it, and the larve cannot do so

F1G. 174.
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Work of the sinuate pear-borer on a Bartlett pear-tree: about one-fourth natural size.

‘when first they emerge from the egg. The whitewash can be




























































Work of the round-head apple-borer, Saperda candida.—a, puncture in which epg
is laid ; &, same in section; £, hole from which beetle has emerzed ; £, same in section:
£, pupa in its cell.

Fiz. 202,

Work of the locust-borer, Cvlfens rolinie,







































FiG. 217,

Fig. 217, grape flea-beetle, Haltica chalvbea, in all its stages, on a grape shoot. Fig.
218, work of the sweet-potato flea on the leaves. Fig. 219, pale-striped flea-beectle, Sys-
tena dlanda. Fig. 220, the rosy Hispa, Odontola rosea.
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A piece of hickory bark, illustrating the work of Scedytus g-spinosus and its larva:
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come darker, finally brown or blackish, and then the butterfly
will emerge. This is not an Injurious insect, and is only referred

FIG. 253
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Milk-weed butterfly, Danais archippus, and its transformations.—A, a, egg enlarged
thirty diameters ; &, very young larva, showing how the tentacles are folded; ¢, egg,
natural size, on a leaf; /2, full-grown larva ; C, chrysalis; [, male butterfly.

to here because it is easily raised and common throughout the
country,—in fact, has spread all over the globe.
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FIG. 255.

FiG. 266.

Fi1G. 267.

Fic. 2372.

FI ‘.
__. 255, mpllrning-cluak butterfly, Fanessa antiopa.  Vig. 257, Lyeana psendavgiolus, Fig. 266,
,_' Colias philodice, male. Fig. 267, same, female. Fig, 272, Miseniades juvenalis,
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252 AN ECONOMIC ENTOMOLOGY.

already described and for the same purpose. The measures

recommended for the parsley caterpillar may also be adopted
against this insect.
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The largest of the common northern ‘‘ swallow-tail’’ butterflies
is the P. furnus, which expands from three to six inches, and is
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gather their food while hovering, inserting the proboscis into the
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nectaries, but rarely alighting. The antennz are prismatic and
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Fi1G. 27s.
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Fig. 275, Philampelus pandorus. Fig. 276, Philampelus achemon, larva., Fig. 277,
Philampelus achemon.
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Fi'g. 298, Melittia ceto, the squash-borer : @, & moth, the wings spread and at rest;
¢, voung larvee : 4, cocoon with the empty pupa shell projecting. Fig. 270, squash-
borers, full grown, in a section of squash-vine. Fig. 280, imported currant-borer, Sesia
tipuliformis ; larva, adult, and pupa skin projecting from the cane.










































FIG. 305. FiG. 2qg2.

. Fig. 202, larva of gypsy moth. Figs. 204, 205, gyvpsy moth, Ocnerda dispar, male and
female. Fig. 104, Anisofa senatoria, larva, Figs. 305, 306, Anisola senaloria, male and
female.
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Fi1G. 297.
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A tubercle from a saddle-back moth, Empretia stimulea, showing the poisoncus spines, very
much enlarged. The short pointed tips break off readily and remain in the wound.
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large and dense cocoon of silk, in which they remain until ready
to transform into moths. The most common of these spinners

Male cecropia moth,

is the cecropia, Platysamia cecropia, the caterpillar occurring on
a great variety of plants, including many of our fruit-trees and
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slug-like caterpillars previously described. They become rather
more than two inches in length, spin a thin, irregular, and some-

‘pow snwaydijod jo ajewayg

what parchment-like cocoon, and emerge in due time as '‘io”’
moths,—Automeris (Hyperchiria) io. The male is deep yellow,
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the primaries only a little banded with narrow lines, the wings
reddish on the interior margin, with a narrow band of the same

FiG. 31a.

3

__;-H .MM |

Larva of io moth.

color outwardly. On the
middle of the hind wing is a
large, round, blue spot, with
a broad black border and
a central white dash. In
the female the primaries are
purple-brown, the transverse
lines gray and much more
prominent, and there is a
somewhat dusky, pale-mar-
gined, nearly kidney-shaped
discal spot. The hind wings
are essentially like those of
the male, and altogether this
sex is larger than its com-
panion.

The only other of the silk-
spinners to which attention
need be called here are the

species of Clisiocampa, which are interesting from the fact that
most of them live in colonies and spin a tent of silk on the trees

FiG. 313

Antomeris 1o, female.

attacked by them, whence they are called ‘‘tent-caterpillars.”
Our common species in the East is C. americana, found in apple
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Fic. 318.

Fig. 293, pupa of Gypsy moth. Figs.
of Sericarig mori, the silk-worm. Fig.
americanda.

315, 316, 317, larva, cocoon, and male moth
318, moth, and Fig. 323, larva of Acronycta


















F1G. 327. FiG. 326.

Cut-worms and owlet-moths.—Fig. 324, Agrofis ypsilon and its larva, the greasy
cut-worm.” Fig. 325, larva of Noclua clandestina, the clandestine cut-worm. Fig. 326,
Peridroma saucia. Fig. 327, eggs of the same, a single example enlarged at a. Fig.
328, its larva, the variegated cut-worm. Fig. 320, Carneades messoria and its larva, the
dark-sided cut-worm. Fig. 330, the climbing cut-worm, larva of Carneades scandens.
Fig. 331, Hadena devastatriz and its larva, the glassy cut-worm,
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Fig.

Work of the larva of Seliofhis armizper in corn and in tomatoes,












FiG. 344.
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FiG. 365.

Fig. 344, Drasteria erechica, male. Fig. 345, D. crassiuscula, female. Fig. 346, [, erechtea, female, Fig, 363, injury by the larva of Fig. 364, Chilo
saccharalis. Fig. 365, varieties of larva.
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314 AN BECONOMIC ENTOMOLOGY.

FiG. z6o.

-

b
Fig. 360, the Mediterranean flour-moth, Ephestia kiihniella.—a, larva; &, pupa; ¢, f, adult |
with wings spread and atrest: g, wing of a variety; &, ¢, A, 7, structural details. Fig. 355, j
Melitara prodenialis.—a, larva; b, ¢, d, details of same ; ¢, cocoon ; f, pupa; g, moth. Fig. .
361, the bee-moth, Galleria melonella.—a, larva; &, cocoon ; ¢, pupa; d, ¢, moths. '
LY
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Fig. a74, a clothes moth, Truea pellionella, larva in and out of its case, and adult moth. Fig. 375, Gelechia ceveallella—a, larva: 8,
pupa; ¢, moth; d, wings of a variety ; e, egg; f, larva feeding in kernel of corn; g and A, structural details. Fig. 376, an ear of corn
showing injury done by the Angoumois grain moth,
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Before taking up the more typical forms, we may briefly con-
sider the Aphanipiera, or fleas, which are usually considered as
flies that have lost their wings as a result of parasitic habits,
They are small, transversely flattened creatures, usually brown
in color, with small heads, piercing mouth parts, and the merest
rudiments of wing-pads. To replace wings, they are furnished
with greatly developed posterior legs fitted for jumping, and in

FiG. a77.

P (é‘%i"‘"’
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Rabbit flea, much enlarged.

proportion to their size their leaps are wonderful. They live in.
the adult stage among the hair of warm-blooded animals, sucking
blood, their form enabling them to move about easily in even the
thickest fur. So also the position of the spines clothing the
body is such that every effort of the insect pushes it forward,
which accounts for the difficulty in holding a specimen when
captured.

The larve are whitish, small, worm-like creatures, almost cylin-
drical in form and with small brownish heads which bear fairly
well developed mouth parts. They live upon partly decayed
matter in or near the lairs of the animals upon which the adults
feed, and the eggs are probably dropped at hap-hazard by the
females while the host is at rest. A rug used as a bed for a dog
or cat may be found full of eggs at almost any time during spring
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or summer, the larvee finding food in any dust or dirt near by.
The spaces between the boards of floors are often filled with them,
and a little pile of moist sawdust or shavings may harbor
myriads. This led to a quite wide-spread and at one time popu-
lar belief that under such circumstances the insects were sponta-
neously generated. The period of development is very brief,
and under favorable conditions a building may swarm with fleas
in a month or two. No species of flea specifically infests man
in this country, though the Cerafopsylius serraticeps of the house-
hold dog and cat often bothers him a little. In tropical and
subtropical countries several species attack him as readily as
they do any other warm-blooded animal.

Where a house becomes infested, the dogs or cats, if any,
should be washed with carbolic soap every other day to kill the
adults on them, and if the animals be allowed to run throughout
the house they will in a few days attract all the fleas to them-
selves, where they can be dealt with. The sleeping rugs of the
animals should be thoroughly beaten or shaken out-doors every
day, and the most rigid cleanliness should be everywhere
observed.

Where dogs or cats are not available as traps, a liberal applica-
tion of gasoline, following a thorough cleaning up, is the best
remedy. It should be poured into every crevice in the floor and
along the base-boards, and it will kill every larva and adult with
which it comes into contact. The liquid is exceedingly inflam-
mable, and must be used with that fact borne in mind. Pet
animals can be cleaned by a free and frequent use of carbolated
soaps or vaseline.

In hot countries fleas are often serious pests, not only to man
and his pets, but to fowls as well, young chickens being fre-
quently killed by the great numbers clustering around their
heads. Here the free use of carbolated vaseline is indicated to
keep off the insects and to act as an effective healing agent.
Cleanliness in its strictest form in the coops and houses is always
indicated.

Rather more serious pests are the so-called *‘ jigger’’ fleas,
species of Sarcopsylla, oxr Vermipsylla, the females of which work
their way under the skin, often of the feet of man, causing an ul-
ceration in which the eggs and larvae develop. If the case is
























The Hessian-fly, Cecidomyia destvucior.—0On the left a healthy stalk of wheat, and on the
right one infested at £ by Hessian-fly, showing the galls. a, egg; 4, larva; ¢, "' flaxseed ;"
d, pupa, all very much enlarged ; ¢, fly ovipositing on leaf, natural size; f, female, and g,
male Hessian-fly, much enlarged ; 1, the parasite, Merisus destructor, much enlarged.
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The *‘ pear-midge,’” Diplosis pyrivera, is an imported species
appearing with the first buds of early spring and ovipositing in
them as soon as they begin to show white. The young larvae
make their way to the ovary or seed-capsule of the setting fruit,
and when this reaches the size of a nut, growth stops. The pears
are then irregular in shape, a little knotty, and filled in the centre
with a mass of orange-yellow larvee. In June these become full-
grown, leave the
pears,—which now
crack open and de-
cay,—and drop to
the ground, beneath
the surface of which
they pass the winter.
The insect is es-
pecially fond of the
‘“ Lawrence’”’  va-
riety, and where
such can be found
in sufficient num-
bers, all others are
exempt. The way in
which this species
can be controlled
is by treating the
ground beneath in-
fested trees with a
heavy top-dressing
of kainit,—say one
ton to the acre,—applied between the middle and end of June.
Planting ‘‘ Lawrence’’ trees as traps and applying the above
remedy to the soil beneath them will decidedly lessen the injury
to the balance of the orchard, or their fruit may be gathered
and destroyed in May, with all the contained larvee.

Not all the gall-midges are injurious, however. Many species
form galls or other distortions of growth on weeds or other plants
of no special economic interest, or in such a way as to cause no
real injury, and a few are actually predaceous and directly bene-
ficial. Such is the species that feeds in the Phylloxera leaf-galls

The pear-midge, Diplosis pyrivora.—a, female adult; e,
pupa; other references are tostructural details.
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F1G. 394,

Bee-flies.—Fig. 304, Anthrax hvpomelas: a, larva; &, the fly pupa projecting from a
cut-worm pupa; ¢, pupa; d, adult. Fig. 395, larva, with details, of Syslarchiis oreas,
parasitic in grasshopper egg-pods. Fig. 306, pupa and adult of Systarchus oreas.









F1G. 298.

EBee-flies and flower-flies.—a, Bombylins sp.; b, Bombylins sp.; ¢, Anthrax sp.; d,
Evistalis transvevsus e, Evistalis tenax ; f, Evistalis saxorum ; g, Syritta pipiens. Some-
what enlarged. From a photograph.


















F1G. 404.

Fi1G. 408.

The ox-bot, Hypoderma lineata—Fig, 4o4, a, second larval stage from back; 4, ¢, extremities, more enlarged; d, third stage: e, £, extremities,
more enlarged; g, 7, mature larva from above and side. Fig. 405, puparium of A, dowis, at a, closed opened at b, showing lid at ¢. Fig. 406, Hpo-
derma lineata. Fig. 407, eges attached to a hair. Fig. 408, eggs, much enlarged to show how they are fastened to the hair.
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form of the disease known as ‘‘staggers,”” which is sometimes
extremely destructive to herds.

From this description of the life histories, so briefly given, it
appears that our efforts to avoid injury must follow in the direc-
tion of prevention. As against the species that must first be
taken into the mouth, the mechanical ways of preventing a
horse or an ox from licking any part of the body will prove suffi-
cient ; or frequent brush-
ing will at least moderate F1G. 409.
the injury.

In the case of the
sheep-bot the matter is
more difficult, because the
flies are very persistent,
and encircle the animals
until they get an oppor-
tunity to dart to the nos-
tril and deposit upon it
an egg just ready to
hatch, or already hatched,
so that either immedi- . , :

: The sheep-bot, (Estrus ovis.—1, 2, flies; 3, pupa;
atel}" Oor In a Vvery short 4, 5, full-grown larva ; 6, young larva,
time the maggot makes

its way up along the mucous membrane as far as the passages
allow it to extend. All sorts of devices have been adopted to
prevent this, but none are entirely satisfactory. Tar has been
used as a repellent, smeared on the nose, and with more or less
success. It 1s probable that fish oil and oil of tar, or carbolic
acid, would answer the same purpose. Powdered tobacco, used
to induce the sheep to sneeze and thus dislodge any maggots
that had already made their way in, has also been more or less
satisfactory. In the case of recently infested animals, a brush
dipped in turpentine and carefully used in the nostrils, so as to
reach attached larvee and kill them, is sometimes found useful.
The family Muscide is the largest in number of genera and
species in the order as well as the most difficult to classify. The
common ‘‘house-fly,”” the ‘‘blue-bottle,”’ and the *‘flesh-fly”’
are examples, and may be considered as typical forms, which
most of the species resemble ; not necessarily in color or mark-
23







F1G. 410.

Muscid flies.—Fig. 410, Exorista flavicauda, yellow-tailed Tachinid. Fig. 411, MNe-
movea leucanice, Tachinid on cut-worms: larva, pupa, adult, and the white eggs on
the anterior segments of the caterpillar. Fig. 412, Lydella doryphore, Tachinid on
potato-beetle. Fig. 413, common flesh-fly, Sarcophaga carnaria. Fig. 414, the blow-
fly, Calliphora vomitoria. Fig. 415, screw-worm, Lucitia macellaria: a, &, ¢, larva and
details : d, pupa; ¢, adult; f, head from side. All are enlarged, and Fig. 413 very
much 50,

355
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blood poisoning may be set up by a fly which has been feeding
upon a putrefying carcass and then feeds upon an abraded sur-
face or a cut or bruise on man. This, however, is not a common
occurrence, and perhaps as a scavenger the ‘insect is about as
useful as it is annoying. A single female produces on an average
about one hundred and fifty eggs, and this, with the short period
required to bring them to maturity, accounts for the enormous
increase of the insects. After a fly has attained this stage it
never grows more, and a small fly never makes a large fly, any
more than the progeny of a large fly is ever a small fly.

The ‘‘blow-fly,"" Calliphora wvemitoria, is the largest of the
common species abundant enough to attract attention, and this
has the body of a deep blue, almost black, color, the abdomen a
little lighter and somewhat more shining. It is an obtrusive
creature and noisy withal, especially when flying about on the
windows or bumping against the ceilings of a room, making its
presence obnoxious in more ways than one. Its eggs are laid on
all sorts of animal and vegetable matter in an incipient stage of
decay. -Meat exposed in summer is almost certain to show, in a
very short time, little piles of elongate white eggs scattered over
the surface here and there. Fish are especially subject to attack,
and I have myself had the experience that a little string of fish
laid in the shade of a bush on the bank was covered with such
eggs before I was ready to go home. Of course they could be
readily washed off, and it is not usual for this insect to retain the
eggs until they hatch within the abdomen, yet I have found
specimens that have done so. This species also requires but a
very short period for its development, and its rate of increase is
so great that it has given rise to the saying that a pair of flies
will devour an ox more rapidly than will a lion. A carcass left in
the fields during midsummer becomes, in fact, in a few days a
mass of maggots, which soon leave nothing but hide and bones.

A somewhat smaller species than this blow-fly, of a very much
brighter green or bluish color, with four longitudinal lines on the
thorax, is the ‘‘screw-worm’’ fly, Lucilia macellaria. This is a
common species throughout a large portion of our country, and
ordinarily feeds upon dead or decaying animal matter. Under
some circumstances, however, it attacks living animals, and in
the Southern and Southwestern States occasionally becomes a
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to reach the maggots just when they are hatching, and becomes
effective for that reason. Applied later, when the insects have
already made their way into the radishes, it would be useless.
Here the farmer must necessarily make a few observations of his
own to determine the proper time for applying the fertilizer
remedy, and this is not difficult. The flies lay the eggs in little
masses on the surface of the ground near to the infested plants.
They are white, slender, and cylindrical, nearly one-sixteenth of
an inch in length, and quite visible on close examination. When
these eggs are found generally distributed over the fields the
time to make the insecticide application has arrived, because they
hatch only a few days after they are laid, and the young larvee
must be reached then or not at all. The carbolic acid emulsion
diluted thirty-five times may also be applied with good prospects
of success in killing the maggots, or the ground tobacco may be
used over the rows just as soon as the plants are up.

The onion-maggot, Phorbia ceparum, is, perhaps, next in im-
portance, and its habits are essentially the same as those given
for the cabbage-maggot,—that is, the eggs are laid by the fly
quite early in spring,
next the onion stems or
leaves at the surface of
the ground, and prefer-
ably in young onion
beds. In the latitude of
New Jersey this occurs
in May, but the date va-
ries somewhat accord-
ing to the season and to
the time at which these
plants are started. The
larvee work their way
into the bulb at once : : :
At begin their scraping The omunamag'g:t}.;lﬂi::_:;:::gl;i;;;:'dultr and section
and gnawing, leading to
the rapid decay and death of the plant, Matters are even more
serious here than in the cabbage, because where a bulb has been |
started in decay, it usually continues, even if the maggots are de-
stroyed, and in the case of scullions, they become unmarketable.
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the latter type in the Eastern United States is seen in the round
swellings so frequently found on the stems of golden-rod. A
number of species are locally injurious to fruits, but there seems
to be no one injurious form generally distributed throughout this
country. In the Northern and Eastern United States the so-
called *‘apple’’-maggot, Zrypeta pomonella, is the only one
causing trouble, the fly laying its eggs in the tissue of the apple by

FiGg. 421.

Trypeta pomonella, parent of the apple-maggot.
piercing the skin with its horny ovipositor. The little maggots
channel the fruit in every direction, causing it to rot or become
unsalable. When full-grown they pupate below the surface of
the ground, or even among rubbish on the surface, or in crevices.
Indeed, they are not at all particular, and transform wherever
they can find an opportunity to do so, including the barrels,
boxes, or bins in which infested apples have been kept. None of
these fruit flies can be reached by insecticides, nor is there any
fair chance of reaching the adults, and the only method that
is effectual is the prompt removal and destruction of infested





















Fig. 427, currant-worm.—a, a, male and female adult; &, larvee; ¢, pupa in (d) cocoon;
2, eges, Fig. 431, Phylivcus faviventris.—a, female adult; 5, £, male and female abdomen ;
d, spur of anterior tibia,
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trees. Some forms live in blackberry and raspberry canes,
others in grasses; I have taken a species from alder, and in
fact a very large number of plants are infested by these boring
Hymenoptera. The largest of our species is the ‘“ pigeon Tre-
mex, ' 7. columba, the larva of which attacks quite a consider-

FI1G. 430.
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Pigeon Tremex, 7T. columba.—a, larva, with yvoung larva of Thalessa fastened to its
side; &, its head ; ¢, d, female and male pupeae ; £, female.

able variety of trees, including maple, elm, hickory, and beech,
and bores into the solid wood, usually when the tree is beginning
to die, or is even dead, but not decayed.

Dealing with these insects is always rather a difficult matter,
because we have no means of getting into the infested plants with
insecticides. We are again reduced to farm practice, and must
arrange our methods of cultivation in such a way as to reach and
destroy the insects by depriving them of food. Thus, with the
Phyllecus infesting blackberry, if the canes are topped about
midsummer, or a little before, the larvee never mature, because
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out devouring any part of its vegetable envelope, changes to a
pupa, and emerges ifrom the gall, leaving it intact, except for
the hole through which it emerged. It seems, therefore, as if
certain abnormal plant ex-

udations secreted in the F1G. 433,

gall form the actual food
of the larva, and 1t is a
curious and interesting fact
that the same species in-
variably produces in the
same place the same kind
of gall. In other words,
the appearance of the gall
i1s an unfailing index for
the special student to the
species that made it. Many interesting problems are connected
with the study of these gall-flies ; for instance, in some species
both sexes are present early in the season, but in the second or
midsummer brood females alone make their appearance. The

An oak gall-fly.

FiG. 434.

Gall made by the larva of Cynips g. spongifica.—a, larva in its cell ; 4, point
of exit of adult.

progeny of this female form, which may or may not resemble
the spring form, in turn produces males as well as females. Of
other species no males are yet known, and, so far as we have
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any evidence at present, there is a continuous breeding by female
individuals only.

There are only a very few injurious species among these gall-
flies. Occasionally we find on blackberry stems an irregular,

warty swelling, and if
FIG, 435. | this be cut into, it will
i} be found full of cells
occupied by these little
Cynipid larvee. This
kind of gall is known
as ‘‘ multicellular,”’ be-
cause inhabited by nu-
merous Specimens.
Similar galls are found
on the roots of rose
and plants of the same
natural family, and in
a few other cases cul-
tivated plants become
subject to gall growths.
As a matter of fact
these galls are scarcely
injurious, because in
most cases the plant
continues growing be-
yond them, or even if
a shoot is lost, perma-
nent injury is rarely
done. Certain species
a, Pithy gall on blackberry, made by Diastrophus of Gak-galls Prﬂdu':ﬁ a
nebulosus; b, section to show cells; ¢, larva: d, black stain, and these
=R were at one time al-
most universally employed in making an ink of remarkable per-
manence. Even yet the law in some States requires for certain
records an ink of which oak-galls is one of the ingredients.

It is a small step from parasitism upon vegetation to parasit-
ism upon animals, and hence it is not surprising to find that some
species of this family are parasitic on other insects. The differ-
ences between these forms and the true gall-makers are not easily
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Fi1G. 437.

Long-tailed ichneumon, Thalessa Iunalor.—a, larva: &, head of same: ¢, pupa: 4, tip of
pupal ovipositor ; e, female adult; £, tip of abdomen, seen from the side; g, male adult;
&, tip of abdomen.
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when hatched, crawls along the burrow until it comes into contact
with its host. It then punctures the skin and remains fixed to
the outside, sucking the juices and gradually killing the borer.

FI1G. 438.

Pimpla conguisifor.—a, larva;: ¢, pupa: o, adult; other references are to structural
details.

By no means all of our ‘‘ichneumons,”’ even of those belong-

ing to the family /Zehnewmonide, have external ovipositors ; yet
there is a distinctive character in their appearance which is easily
recognized but hard to de-
scribe. The species belong- F1G. 439.
ing to the typical genus Ze/-
neumon have rather long,
slender forms, with flattened
abdomen and no external
ovipositor. They are often
gaudily colored, the antennz
are frequently banded with
yellow, and many are metallic
blue or green. The species . % >
g Tropus exesorius on a chrysalis of Fapilio,
are usually parasites on cater- from which it has emerged.
pillars. One of the largest
and most frequently noted species is that which infests the larvae
of the common *‘swallow-tail’’ butterflies. It is orange-yellow

in color, with smoky-black wings, the body nearly an inch in
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that infest aphids. If, at any time during the summer, a leaf
badly infested with plant-lice be examined, there will be usually
found a few specimens that seem abnormally swollen and livid
gray in color rather than green or yellow. Such specimens are
parasitized, and if they be removed to a closed vessel, there will
be found in it, in a few days, minute blackish or brown wasp-like
creatures, and on each of the infested plant-lice will be seen a little
round hole, which shows where the insect emerged. They are
usually examples of minute Braconids, and are the most im-
portant of those natural checks that prevent the increase of plant-
lice above a certain point. Unfortunately, that point does not
coincide with the limit at which the insects become injurious to
the farmer ; hence, though the parasites accomplish their pur-
pose, they do not, therefore, confer any direct benefit upon him.

At almost all periods during the season, but especially late in
summer or fall, caterpillars may be seen, bearing upon their
backs and sides white or yellowish, egg-shaped bodies. These
are often supposed to be the eggs of the caterpillars, but as a
matter of fact they are cocoons of Microgaster or Apanteles,
little parasites belonging to this family ; and if the caterpillar be
confined for a few days it will be noticed that from the tips of
each of these egg-shaped bodies a little circular lid is lifted off
and a little wasp emerges. If, late in summer, a number of the
large sphinx caterpillars infesting potato or grape-vines are
watched when they yet show no signs of infestation, one may fre-
quently see the little larvee boring their
way through the skin, wriggling until
they have emerged for more than half
their length, and it is then easy to
watch the formation of the small silken

+ Sphinx larva covered with JAfi-

cocoons. The caterpillar soon becomes e e
an odd-looking sight, with anywhere
from a dozen to fifty or even a hundred of these little maggots,
all engaged in spinning cocoons, projecting from it in every di-
rection. The egg-like cocoons are attached merely by a little
point, so that they may be easily removed. But the caterpillar
has been drained of its strength and of the substance for the for-
mation of the future butterfly : it collapses and dies, unable to
complete its transformation to the pupal stage.

>
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Most of these parasites have the disadvantage of not influ-
encing in the least the amount of injury done by the host ; they
simply prevent it from changing to an adult. It often happens
that spinning caterpillars even complete their cocoon, and in this
we find the mass of parasitic cocoons instead of the Lepidopter-
ous pupa. On the other hand, some of them complete their

F1G. 442,

Apantelss species.—Little mass of cocoons on leaf, replacing an infested. larva;: a
single cocoon below, from which adult has issued : much enlarged.

development and kill the caterpillar before it is much more than
half-grown. Many of these cocoon-forming species belong to
the genus Microgaster, and they are typical of a very large
series in the family. The plant-lice-infesting forms frequently
belong to the genus Aphidius. As in the previous family, many
of these insects have an external ovipositor.

While the preceding series of parasites contain a very fair pro-
portion of large species, the next family, Chalcidide, contains

Ll

S PP



THE INSECT WORLD. 385

very few, except small forms, which are quite usually metallic
black, bronze, or green. The wings are without venation, except
for a strong vein running parallel to the costal margin, but not
reaching quite to the tip, and
the antennz are geniculated
or abruptly bent at the end
of the long first joint. Few
of these have the ovipositor
visible, and usually it lies in
a groove on the under side
of the tip of the abdomen,
issuing before the apex. These
Chalcidid flies are exceedingly ; 7 3T 1

T Aphelinus mytilaspidis, parasite on scale
numerous, and are parasitic on insects ; much enlarged.
a great variety of other insects.
They are rather more robust in build than the other small para-
sites, and this fact, with their usually brilliant metallic coloration,
1s a tolerably good guide to the family, of which the species in-
festing the common cabbage butterfly may serve as a good
example. If, early in the spring, a large number of chrysalids
of the cabbage butterfly be collected,—which can be easily done
along the fences bordering last year’'s cabbage-field,—it will be
found that some of them have a rather warm gray color and
move the joints of the abdomen freely, evidently showing life.
Others will have a peculiar, dead, straw-yellow color, and the
abdomen is brittle and will break rather than move. If it does
break, the interior of the chrysalis will be found completely filled
with little, greenish-gray, maggot-like larva, in which the seg-
ments are well marked and a little darker in color. If such
infested chrysalids be removed to a warm room and kept in a
covered vessel, there will emerge in due time dozens of Plero-
malus puparum, a greenish-bronze Chalcidid, instead of the
common white cabbage butterfly.

Though these insects are minute, being scarcely one-eighth of
an inch in length, yet they are giants compared with others
which live in scales and even in the eggs of other insects. Very
frequently such Chalcidids are bred from galls, and they are here
either parasitic upon the actual gall-maker, or they may live in
the abnormal tissue produced by the Cynipid larvee. We find

25
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trades and professions are represented. We find communities
governed in some directions despotically by a queen, yet at the
same time forming the most perfect republic, in which every indi-
vidual has its rights firmly established and absolutely beyond the
control of the nominal head of the colony. We have organiza-
tions that make war, keep slaves, lay in stores, and provide for
contingencies ; they seem able to forecast the future in some
directions and intelligently provide for it. In other words, they
offer some of the most interesting problems that can possibly be
studied. It is unnecessary to waste words in describing the ap-
pearance of an ant, and it need only be said that all the true
ants are distinguished from the other Hymenoptera by the posses-
sion of one or more scales or nodes on the petiole or stalk of the
abdomen. We find also, in this series, the development of what
are known as ‘‘ neuters,”’ or workers, —that is to say, female indi-
viduals in which the sexual characters are not perfected, which
are incapable of reproduction, and whose function in the nest is
simply to perform the mechanical labor necessary to keep up the
colony. These workers have no wings, and in their appearance
and the relative proportion of the parts they frequently differ
considerably from their parents. There are sometimes several
forms of workers found in nests, differing from each other in the
development of certain parts for special purposes, but attention
will be called to these hereafter, where necessary. Though the
ants agree in their general habits and peculiar social organization,
yet no less than five different families have been recognized,
based upon structural characters, principally of the abdomen and
head.

The most numerous in species of these families, containing
most of our common forms, is the Formicide, in which the
petiole i1s formed of a single joint only, and the abdomen is
smooth, without constriction between the segments. In this
family the ‘‘queens,”” or females, have no sting. They build
their nests in all sorts of localities. We find them commonly in
our fields; often in woods, where the large black ‘‘carpenter
ants’’ are the most prominent ; while some occur under stones
or around the roots of trees. It would be easy to write a book
on ants alone, but necessarily our notes of them must be con-
fined here to the features of economic importance. And first
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There are also two kinds of winged forms, males and females,
both larger than the workers, and the females considerably larger
than the males. All the insects work their way down to the
lower levels or inmost galleries of the nest on the approach of
cold weather, and hibernate in the adult stage in a dormant con-
dition. In spring, with the approach of warm weather, activity
is resumed, and, usually some time during the early part of the
season, on a particularly bright, warm day, the newly developed
males and females leave their old home and ‘‘swarm.’”” By this
is meant that they leave the nest in which they were hatched and
fly about for a short time. They mate soon after, and are then
ready to start colonies of their own. None of them ever get
back to the old home, and if they do not succeed in founding a
““hill,”” they perish in the course of a day or two. Exactly how
the different speciés start their colonies is not known, but in some
cases, certainly, the impregnated female strips off her wings and
starts a small nest in some convenient place, doing the best she
can under the circumstances, and laying only a few eggs. These
she brings to maturity, and they are usually of the small or
““worker minor’’ type. When fully developed, these relieve
their parent from further mechanical work, increase the size of
the nest, and gather food as well as attend the young that are
still continually hatching. If circumstances favor, the nest grows
rapidly, and it may eventually become enormous in size, con-
taining millions of individuals, and ramifying for distances that
we have not yet succeeded in following to the end. The life cycle
of all the ants has not been definitely determined as yet, but
‘““queens’’ have been kept as long as seven years and workers for
three or four. The food of ants is variable,—sometimes animal,
sometimes vegetable, and quite usually both. The same species
may feed upon fragments of insects and other animal matter, and
also upon plant tissue of various kinds. They are usually fond
of liquid food, especially if it is sweet, and some species gather
and store honey like the bees, although in quite a different man-
ner. In the more temperate parts of the United States ants
are only indirectly injurious, although they are never beneficial.
There is quite a common belief that ants destroy the plant-lice
among which they are frequently found ; but this is exactly con-
trary to the fact, for plant-lice play a very important and curious
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safe from it. Sugar is especially attractive, but almost anything
is attacked, nothing more readily than a bone from which the
meat has been roughly scraped, and which is yet a little bloody.
It seems impossible to get rid of these creatures, because they
avoid poisoned food and anything that has

the appearance of a trap. A few specimens Fi1G. 452.
may be killed, but very soon the character
of the mixture is recognized, and it is left
untouched. *‘ Insect-powder’’ — pyrethrum
—is effective, but it is practically impossible
to get it everywhere, and the ants simply
avoid it. Carbolic acid and naphthalene are
both useful as repellents : the insects dislike
the odors intensely, and will not approach
these materials ; but while certain closets T AN o it R TR,
be protected in that way, the odors are not

particularly desirable near food products, and are as repugnant
to many persons as they can possibly be to the ants them-
selves. The simplest method, perhaps, is mechanical destruc-
tion, as follows : Where meat is used every day, the bones, or
some of them, should be cut out before it is cooked and placed
in a main line of insect travel. When they become thoroughly
covered with hundreds or even thousands of ants, the whole mass
should be thrown into the fire. If this process is repeated two
or three times a day, a few days in succession, the ants seem to
be seized with a panic, and usually abandon the house com-
pletely. Instead of bones, a sponge dipped in sugar water and
loosely pressed out may be used ; or, better yet, there should be
two sponges. The sweetened one should be placed where the
ants run, and the news of its presence will spread throughout the
entire house in a remarkably short time. When the first sponge
is entirely filled with ants, the second should be prepared in the
same way to replace the first, which is to be taken up and put
into boiling water. This destroys the insects at once, and the
sponge can be washed out, again dipped in the sugar water, and
used to replace sponge number two when that is filled with in-
sects. Here the same effect is obtained : the insects are seized
with terror, and seem to realize the presence of a force that
they do not understand. The sudden lessening of their numbers
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dently keep the nest clean and remove decaying particles ; others
may be of some use to the ants by excreting certain sweet sub-
stances which induce their toleration ; while yet others have no
use at all, so far as we can discover. Such are certain crickets
which are always found associated with ants, and certain cater-
pillars. What functions these insects have in the ant-hills is as
yet somewhat obscure.

In the tropics there are species that occasionally change their
camps, and are known as foraging ants. When the whim seizes,
or unknown causes determine them, they leave their nest, bag
and baggage, attended by all the insects that lived with them,
and start upon a march straight forward, destroying everything
that attempts to prevent their passage. A house or a village is
no barrier ; they pass through or over it, destroy every living
thing it contains, and devour all the provisions. The inhab-
itants of countries subject to these foraging expeditions soon
learn to recognize their character, and immediately seek safety
in flight. The ants continue their march, and soon the house
or village can be reoccupied, with the certainty that, if all the
provisions have been cleared out, so also have all the vermin :
rats, mice, snakes, roaches, and similar creatures being all killed
and eaten.

The battles of ants have been described by more than one
author ; but as this is the function of another kind of work,
nothing more will be said here about these very interesting
creatures.

Next in the orderly series come the Fossores, or ‘‘digger-
wasps.”” Here the two normal sexes only are developed, and
they are solitary,—that is, they never form communities. They
often build their nests underground, preferring sandy spots ; but
the families vary much in this respect. The females are always
provided with a sting, which they use on slight provocation, and
they differ from the next family of true wasps by having the
wings always flattened and never longitudinally folded in repose.
Sometimes, instead of burrowing underground to form their cells,
they use the stems of pithy plants like alder and sumach, and
often nests are built of mud, in sheltered localities against houses,
barns, or other convenient places, or even attached to twigs or

shrubs.
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usually have a velvety appearance, or look as if they were cov-
ered with a whitish bloom, and the wings are also either black or
yellow, like the prevailing colofs of the body. They lay their
eggs in spiders, which they bury, and in which the larve de-
velop. Perhaps this is a good place to mention the fact that
these digger-wasps make use of their stings and the poison se-

F1G. 455.

LPepsis formosus, tarantula-hawk.

creted by them for preserving from decay and in a condition
suitable as food for their young the larvee, spiders, and other
insects upon which they feed. They sting their prey very care-
fully, in such a way as to paralyze and render it motionless,
while yet it does not die ; and the larva, when they hatch, begin
feeding very carefully, so as not to kill their host until they them-
selves are sufficiently developed. The poison introduced seems
to simply suspend life, or rather allows it to go on without a
waste of tissue. Spiders of all kinds are attacked, and even the
fierce tarantula of the South and Southwest has its enemy in an
enormous species of Pepsis known as the *‘ tarantula-hawk.”’
Perhaps the most common forms belonging to this series are

those in which the abdomen ends in a small bulb-like structure
26
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exercised great care in portioning out the food to the best ad-
vantage. The adults may often be found on flowers, and when
the golden-rod 1s in bloom in late summer, some of our largest
and most attractive species, like Sphex ichneumonea, make their
appearance in great abundance.

The allied ‘‘ diggers’’ belonging to the Larride have the
abdomen more closely joined to the thorax, and provision their
nests, which are made underground, with small grasshoppers.
The insects are not nearly so common or so numerous in species
as those previously mentioned, and are chiefly inhabitants of the
more southern States.

In the Bembecide we have many large, brightly colored spe-
cies, some of which prey upon cicadas, stinging so as to render
them helpless, and carrying them off to their nests as provision
for their young. It is interesting to watch a specimen of Spke-
cius speciosus when it has a large cicada to be transported. If
the insect is captured and
paralyzed upon a tree, the
wasp drags it along the
branch to some convenient
point, and from it flies as
directlyas possible towards
its nest. Sometimes its
strength is not sufficient to
sustain the weight, and
then it is drawn gradu-
ally to the ground. In
such case it again drags the
insect to the top of some
convenient shrub or tree,
and makes another effort,
again flying as far as pos-
sible before allowing itself
to be pulled down, but always arranging matters so that it is able
to make a new start from an eminence. In other words, the wasp
is often unable to lift the cicada from the ground in direct flight,
but is able to drag it to an elevation sufficiently great to fly a con-
siderable distance before being drawn to the ground, and in this
way, after a time, it manages to reach its nest. These Bembecids

F1G. 457.

Sphecius speciosus carrying a cicada to its home.






I'1G. 458.

Fig. 458, a, larva; eﬁ,‘ ¢, pupa, from beneath and side; e, £, &, structural details, of
Sphecins spectosus. Fig. 459, larva of Sphecins speciosies feeding on cicada in its under-
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times become of enormous size, many hundreds of individuals
being found in a single nest in the latter part of the season.
Durability is not looked for by the insects, and the winter storms
and snows disintegrate the paper structures, so that in spring it
is rarely possible to find them, however abundant they may have
been during the summer previous.

Wasps are beneficial, as a whole, since they feed largely upon
other insects and never directly upon crops. They are a nui-

West of Polistes galficola,

sance sometimes in the orchard, where they are apt to attack all
fruits that show the least trace of injury or decay, and they have
been accused, as, indeed, have the bees as well, of actually punct-
uring juicy specimens to get at the liquid contained in them.
Some of the species are undoubtedly useful in pollenizing fruit
flowers, but there are none of pre-eminent advantage in this di-
rection.

The last family in the order contains the bees, and these, as in
the wasps, may be either social or solitary. The solitary bees
are those in which male and female only are developed, and their
habits in nest-building resemble in many cases those of the
wasps. Thus, we have species that build in the ground, those
that make cells in the pith of plants, others that are true carpen-
ters and bore tunnels in solid wood, and, in short, we may find
bee homes in much the same situation that we find wasp domi-
ciles. Their cells may be distinguished, however, in all cases by
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A plate of bees.—a, Melissodes bimaculatus; b, Andrena wvicina; ¢, Calioxys S-denfata: d,
Halictus Hgatus; ¢, Synkalomia atriveniris; f, Osmia rustica; g, Andvena evigenia ; h, Melis-
sodes wigripes ; 1, Megachile mendica; k, Xenoglossa prunina; I, Tachyles mandibularis; m,

Megachile latimanus. All rather more than twice natural size.
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F1G. 473.

Our common bumble-bees.—a, Xywoecopa virginica; &, Bombus fevvidus ; ¢, B. consimulis; d, B.
virginicus ; e, B. americanorim (queen) ; f, B. fervidus ; g, B. americanorum (worker), to show
pollen mass on hind tibia; &, 8. vagans; i, Apathus elatus. All somewhat more than natural

size.
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or less amount of expense for the diluting substance. Yet, when
such an application is advantageous, we find that there are very
few machines on the market for making it. The most elaborate
and practical machine is the Leggett ‘* Champion Powder-Gun,”’
which, by means of a fan-blower, distributes dry insecticides in a
very fine dust. With this machine, pure Paris green or London
purple can be applied so thoroughly that all parts of a plant
may be covered ; and as extension tubes and bent tips are fur-
nished, small trees or high bushes can be conveniently reached.
This 1s, I think, the best of the machines on the market for dis-
tributing dry powders of all kinds. It is manufactured by Leg-
gett & Brother, New York City, at a price of about $7.50.
There is a variety of smaller bellows made by other manu-
facturers, but they are scarcely practical for use on a large scale.
Those sent out from the Hammond Slug-Shot Works are as
satisfactory and as low in price as any, and the ‘' Woodason
Bellows,”’ sold by most seedsmen and dealers in insecticides, are
also effective on a small scale. In this short list the machinery
for the application of dry powders is practically exhausted. There
have been many other machines produced and patented, and in
the reports of the United States Entomological Commission there
are numerous cuts and figures of expensive dusting arrangements,
none of which are in use at the present day. On the other
hand, the tendency is all towards simplicity. A great many
farmers who apply dry powders use the most rudimentary kinds
of dusters,—perforated tin pans or the like. The cotton growers
of the South have originated for their purpose a simple and very
effective method of applying dry Paris green, and perhaps this
will prove practical in other cases as well. It consists of a flex-
ible, tough pole, to each end of which a coarse cloth sack, filled
with pure Paris green or London purple, is tied. The stick is
rested across the back of a mule, which is slowly driven between
the rows of cotton, and the rider, striking continually with a
short stick on the flexible pole bearing the bags, jars them suffi-
ciently to dust out a very fine powdering of the poison. Practi-
cally, this is the most satisfactory method of applying the arse-
nites on cotton-plants that has been discovered, and it is now in
almost universal use where poisons are applied against the cotton-
worm. The method is extremely simple, and modifications of it
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adapted to his special use will occur to any intelligent farmer,
Applied through a sack, the dusting is exceedingly fine, while it is
at the same time thorough, at least so far as the upper side of the
leaves is concerned.

[t is in spraying machinery that the greatest advance has been
made, and for a good spraying outfit there are two essentials,—a
pump and a nozzle. The tank containing the spraying mixture
may be almost anything,—a barrel, a tub, a box wagon, an elab-
orate tank cart, or even a pail. What his receptacle shall be,
each farmer may decide for himself. The pump may also be of
any type or pattern, provided that at least the working parts are
of brass, because otherwise the corrosive poisons are apt to destroy
it. For orchard work, or where large trees are to be sprayed,
the pump should give a pressure of one hundred pounds or more,
without requiring too much exertion. It should be double-acting
to give a continuous stream, and should have an air-chamber of
good size. The piston, or plunger, should not have too great a
diameter, because the greater the diameter the greater the amount
of force required to obtain a desired pressure. It must be re-
membered that in ordinary spraying operations the object is not
to throw the greatest possible amount of water in the least pos-
sible time, but to obtain the greatest amount of pressure with the
least expenditure of force. Force is to be looked for rather than
quantity of discharge. There are many pumps upon the market
fulfilling all the conditions above enumerated, and at various
prices.

Having selected the pump and mounted it upon any sort of |

tank, the next question is as to the nozzle to be used. What we
want is the finest possible spray and the greatest possible amount
of force, and these two requirements are more or less antagonistic.
A very fine spray cannot be sent a great distance, and a jet
capable of being sent into the top of a high tree is a wasteful
method of application. There are, therefore, several types of
nozzles adapted for somewhat different classes of work. By all
odds the best, and the one having the greatest range of useful-
ness, is the Vermorel modification of the ‘‘cyclone’’ or eddy-
chamber nozzle. This consists, essentially, of a circular chamber
into which the water enters from one side under pressure, receiv-
ing thus a rotary motion. The point of exit is a single hole in
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the centre of a flat cap over the chamber. The water emerging
from this opening under high pressure has a whirling motion
which produces a cone-shaped spray of exceeding fineness, de-
pending upon the amount of pressure and the size of the opening.
With a good pressure and an opening one-sixteenth of an inch in
diameter, a fine mist-like spray can be sent a distance of ten feet,
and this fulfils as nearly as possible the requirements of an ideal
spray. In order that it may reach the tops of ordinary orchard
trees, 1t 1s necessary that the nozzle should be elevated, and a va-

FiG. 474.

Vermorel nozzle and a section to show the workimg parts.

riety of means are adopted to attain that end. In some cases,
where extensive orchards of large trees are treated, the spraying
is done from a tank cart, and sometimes from a little scaffolding
built on it. More frequently, on moderate-sized trees, the hose
is tied to a bamboo pole from ten to fifteen feet in length, and
with this all such trees are easily reached. Instead of a bamboo
pole with the hose attached, some farmers use a gas-pipe of
proper diameter, to the end of which the nozzle is screwed.
This is somewhat lighter, and the slender pipe is more easily
managed. But all these are details which the agriculturist can
arrange for himself. A surprising amount of spray can be ob-
tained from a nozzle of this kind with a very small actual expen-
diture of liquid ; but where a great deal of spraying is done, two
or three nozzles grouped at the end of a larger discharge pipe are
sometimes used. The nozzles are so fixed that the spray is sent
in all directions, and a very large area is covered by the poison
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in a very short time. A moderate-sized tree can be sprayed with
a group of Vermorel nozzles in from one to three minutes. A
good pump will easily supply two lines of hose, and most of
those now made for orchard spraying are supplied with two dis-
charge openings. A three-quarter hose is all that is necessary,
even when a compound nozzle is used. The Vermorel nozzle
is supplied with a ‘‘degorger,”” or apparatus for cleaning out
the spray opening in case it becomes clogged; but it is not
easily clogged, and is, in fact, one of the most satisfactory from
that stand-point. With a screen at the bottom of the suction
pipe the meshes of which are not larger in diameter than the dis-
charge opening in the nozzle, clogging should be practically im-
possible.
FI1G. 47s.
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The Nixon nozzle.—1, complete ; 2, 3, the two parts, separated.

The Nixon nozzle is a satisfactory bit of apparatus, working
on an entirely different principle from the cyclone. Here we
have a barrel-shaped cylinder of varying length, at the base of
which the water enters through a small opening in a salid jet, di-
rected against a wire screen at the tip of the cylinder. With a
good force behind it, a fine spray is sent from such a nozzle from
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ten to fifteen feet. This nozzle has proved very satisfactory in
orchard work, but has the disadvantage of clogging very much
more readily than the cyclone, and of not clearing easily when
it does clog. With a proper netting at the end of the suction
pipe, the tendency to clog can be reduced to a minimum, and
with a little practice in actual field work, the nozzle has proved
satisfactory.

The McGowen nozzle is of yet a different type, and throws a
fan-shaped spray the quantity of which can
be varied by adjusting a spring which regu-
lates the size of the opening. The nozzle
has the advantage of being self-clearing,—
that is to say, any obstruction which may
lodge at the opening creates a pressure
sufficient to overcome the strength of the
spring, and the vent broadens sufficiently
to allow the escape of anything that can
get into the barrel of the nozzle. As soon
as the obstruction is removed, the spring
restores the opening as originally set. The
peculiarities of this nozzle are that the spray
can be thrown a much greater distance than
with any of the types previously mentioned,
and that the amount of liquid to be dis-
charged can be regulated. It has certain
advantages, therefore, in an orchard where
large trees are to be treated, but it does
not throw as fine a spray over so great a
surface as the Vermorel.

For spraying very large trees many
growers have found a cheap graduating
nozzle effective. This is a cylinder with
a large flared opening, through which a i
conical pin may be forced, even to its com-  gilifEsT—
plete closure. When the pin is completely The McGowen nozzle
retracted, which is done by turning the Aand a section through its

St 2 tip to show working parts. .
barrel of the nozzle, a solid jet is thrown,
and any intermediate grade between this and a tolerably fine
spray may be readily obtained. For spraying shade-trees nothing




460 AN ECONOMIC ENTOMOLOGY.

1s more satisfactory than this, because it gives the greatest range
in distance and in quantity of ¢ discharge. Even if the spray Is
_ coarser than with the other nozzles,
K1, 477, 5 the work is more rapid. Practically,
it will not be necessary to go beyond
the nozzles already described to ob-
tain satisfaction.

The Vermorel modification of the
cyclone nozzle is manufactured by
almost all makers of insecticide
machinery, and can be obtained
anywhere. The graduating nozzle
may be purchased in almost any
hardware store, or wherever lawn
sprinklers and garden hose supplies
are sold. The Nixon nozzle is
patented, and obtainable from the
Nixon Nozzle and Machine Com-
pany, Dayton, Ohio, or from their
agents. The McGowen nozzle is
also patented, and obtained only
from J. J. McGowen, Ithaca, New York. There are many other
nozzles on the market, all of which have certain advantages,
from which the farmer must himself select those most useful to
him. So there are special nozzles for certain purposes, as that
for spraying the lime, salt, and sulphur mixture used on the
Pacific coast. All these are advertised by dealers in spraying:
machinery, so that the intending purchaser can secure full in-
formation. .

For spraying certain field crops on a large scale—e.g., pota-
toes —there is a tendency to use geared machines,—that is to say,
tanks mounted upon a cart, and the pump geared to the axle, so
that in simply driving through the field it will be operated. Then,
by means of an extension rod fitted with nozzles, from four to
six rows of potatoes or other plants can be sprayed at one time.
Several manufacturers make machines of this character, and a
great many of them are in use, gwmg satisfaction, as a rule.
They have the advantage of covermg a great area in a very short
time, and reducing the cost of spraying to a minimum, doing the

A graduating nozzle.
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Fi1G. 481. Fi1G. 480.

FiG. 478.
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Fig. 480, the McGowen injector in section, showing its working parts. Fig. 481, illus-

trating method of using McGowen injector, Fig. 478, a knapsack sprayer.
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Fi1G. 483.

The Wolfskill fumigator.







































0
i F L) - -
FOlato=5p 5 L] 4 ! .
[ i wd B o | e " .
1 “« B 3 ! 104 | 5 IR JR -.

L] ‘U3 L F . o Lh o

1) - [ ) i ] | . 1

. Wil . r g " i, k-

" T i} NS - e

= t Lok = 5































.r'r/f:"?'r-".fJ ’::f
: r
_r .II_JE;J- .l_r-"l’ {

." o -'
A 'xf’f- /




